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TDD Structure
• NR provides a lot of flexibility for TDD

• Control at the level of OFDM symbols
• DCI and RRC control

•Many more options than LTE
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In LTE
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138 CHAPTER 9 Physical Transmission Resources

can then be flexibly allocated for downlink or uplink transmission depending on the configured down-
link/uplink configuration. To avoid severe interference between downlink and uplink transmissions in 
different cells, neighboring cells typically have the same downlink/uplink configuration. This makes 
it difficult to change the downlink/uplink configuration dynamically, for example on a frame-by-
frame basis. Therefore, the current LTE specification assumes that the downlink/uplink configuration 
is relatively static. It can be changed on a very slow basis though, in order to adapt to changing traffic 
patterns. It could also, in principle, be different in different areas, for example to match different traf-
fic patterns, although inter-cell interference needs to be carefully addressed in this case.

As the same carrier frequency is used for uplink and downlink transmission, both the base station 
and the terminal need to switch from transmission to reception and vice versa. The switch between 
downlink and uplink occurs in the special subframe, which is split into three parts: a downlink part 
(DwPTS), a guard period (GP), and an uplink part (UpPTS).

The DwPTS is in essence treated as a normal downlink subframe,7 although the amount of data 
that can be transmitted is smaller due to the reduced length of the DwPTS compared to a normal sub-
frame. The UpPTS, however, is not used for data transmission due to the very short duration. Instead, 
it can be used for channel sounding or random access. It can also be left empty, in which case it 
serves as extra guard period.

An essential aspect of any TDD system is the possibility to provide a sufficiently large guard period 
(or guard time), where neither downlink nor uplink transmissions occur. This guard period is neces-
sary for switching from downlink to uplink transmission and vice versa and, as already mentioned, is 
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FIGURE 9.11

Different downlink/uplink configurations in the case of TDD.

7 For the shortest DwPTS duration of three OFDM symbols, DwPTS cannot be used for PDSCH transmission.

• DL to UL happens in a special 
subframe (1ms) and the DL 
to UL has a guard period.

• Only possible TDD 
configurations



Timing advance
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• The gap between BS TX and BS RX is required to 
accommodate the UE timing advance

• The gap should be at least  the round-trip delay



Timing advance
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RRC Configuration of TDD
• SIB1à ServingCellConfigCommon àTDD-UL-DL-ConfigurationCommon
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QCL-Info field descriptions 
bwp-Id 
The DL BWP which the RS is located in. 
cell 
The UE's serving cell in which the referenceSignal is configured. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located 
on a serving cell other than the serving cell in which the TCI-State is configured only if the qcl-Type is configured as typeC or typeD. See TS 38.214 [19] clause 5.1.5. 
 
referenceSignal 
Reference signal with which quasi-collocation information is provided as specified in TS 38.214 [19] subclause 5.1.5. 
qcl-Type 
QCL type as specified in TS 38.214 [19] subclause 5.1.5. 
 

Conditional Presence Explanation 
CSI-RS-Indicated This field is mandatory present if csi-rs or csi-RS-for-tracking is included, absent otherwise 
 

± TCI-StateId 

The IE TCI-StateId is used to identify one TCI-State configuration. 

TCI-StateId information element 

-- ASN1START 
-- TAG-TCI-STATEID-START 
 
TCI-StateId ::=                     INTEGER (0..maxNrofTCI-States-1) 
 
-- TAG-TCI-STATEID-STOP 
-- ASN1STOP 

 

± TDD-UL-DL-Config 

The TDD-UL-DL-Config IEs determines the Uplink/Downlink TDD configuration. There are both, UE- and cell specific IEs. 

TDD-UL-DL-Config information element 

-- ASN1START 
-- TAG-TDD-UL-DL-CONFIG-START 
 
TDD-UL-DL-ConfigCommon ::=          SEQUENCE { 
    referenceSubcarrierSpacing          SubcarrierSpacing, 
    pattern1                            TDD-UL-DL-Pattern, 
    pattern2                            TDD-UL-DL-Pattern                                                           OPTIONAL, -- Need R 
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    ... 
} 
 
TDD-UL-DL-Pattern ::=               SEQUENCE { 
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}, 
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots), 
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1), 
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots), 
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1), 
    ..., 
    [[ 
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                                   OPTIONAL -- Need R 
    ]] 
} 
 
TDD-UL-DL-ConfigDedicated ::=       SEQUENCE { 
    slotSpecificConfigurationsToAddModList      SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig           OPTIONAL, -- Need N 
    slotSpecificConfigurationsToreleaseList     SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex            OPTIONAL, -- Need N 
    ... 
} 
 
TDD-UL-DL-SlotConfig ::=            SEQUENCE { 
    slotIndex                           TDD-UL-DL-SlotIndex, 
    symbols                             CHOICE { 
        allDownlink                         NULL, 
        allUplink                           NULL, 
        explicit                            SEQUENCE { 
            nrofDownlinkSymbols                 INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL, -- Need S 
            nrofUplinkSymbols                   INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL  -- Need S 
        } 
    } 
} 
 
TDD-UL-DL-SlotIndex ::=             INTEGER (0..maxNrofSlots-1) 
 
-- TAG-TDD-UL-DL-CONFIG-STOP 
-- ASN1STOP 

 

TDD-UL-DL-ConfigCommon field descriptions 
referenceSubcarrierSpacing 
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers, i.e., independent of the 
actual subcarrier spacing using for data transmission. Only the values 15, 30 or 60 kHz (<6GHz) and 60 or 120 kHz (>6GHz) are applicable. The network configures a not 
larger than any SCS of configured BWPs for the serving cell. Corresponds to L1 parameter 'reference-SCS' (see TS 38.213 [13], clause 11.1). 
 

• a slot configuration period of P msec by dl-UL-
TransmissionPeriodicity

• a number of slots dslots with only downlink symbols by 
nrofDownlinkSlots

• a number of downlink symbols dsym by nrofDownlinkSymbols
• a number of slots uslots with only uplink symbols by 

nrofUplinkSlots
• a number of uplink symbols usym by nrofUplinkSymbols

• nrofDownlinkSymbols: Number of consecutive DL symbols in the beginning of the slot

following the last full DL slot

• nrofUplinkSlots: Number of consecutive full UL slots at the end of each DL!UL

pattern

• nrofUplinkSymbols: Number of consecutive UL symbols at the end of the slot preceding

the first full UL slot

As shown in Table 3.13, a slot format includes a specific downlink, uplink, and flexible

symbol configuration. In TDD mode, a slot can be all downlink, all uplink, or a combina-

tion of downlink and uplink segments. Data transmission can be scheduled to span one or

multiple slots when slot aggregation is supported. For each serving cell, if a UE receives

the RRC parameter UL-DL-configuration-common, it must set the slot format per slot over

the number of slots indicated by this parameter. If the UE is additionally provided with

RRC parameter UL-DL-configuration-dedicated for the slot format per slot over a number

of slots, the latter parameter overrides only flexible symbols per slot over the number of

slots indicated by UL-DL-configuration-common parameter. The UE determines the duration
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... ... ... ......

nrofDownlinkSymbols
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dl-UL-TransmissionPeriodicity

... ... ... ......

nrofDownlinkSymbols nrofUplinkSymbols

dl-UL-Transmission Periodicity Specified in tdd-UL-DL-configurationCommon
n (SlotIndex)

Figure 3.46
TDD UL/DL common and dedicated configurations [15,39].
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Figure 3.45
Different NR TDD-based subframe structures [53].

390 Chapter 3

1.From the S slots, a first dslotsslots include only downlink 
symbols 
2.a last uslots slots include only uplink symbols. 
3.The dsym symbols  after the first dslots slots are downlink 
symbols. 
4.The usym symbols before the last uslots slots are uplink 
symbols. 
5.The remaining (S−d −u )Nslot

symbol−d −u are flexiblesymbols. 

38.213, 11
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• Pattern2 (if defined) provides the structure for the next set of slots.
• If TDD-UL-DL-ConfigurationCommon provides both pattern1 and pattern2, the 

UE sets the slot format per slot over a first number of slots as indicated by 
pattern1 and the UE sets the slot format per slot over a second number of 
slots as indicated by pattern2. 

• The first symbol every 20/P periods is a first symbol in an even frame
• The sum of the two pattern periods must divide 20ms. 
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TDD-UL-DL-ConfigDedicated (Once session is setup after RRC setup) 

• If TDD-UL-DL-ConfigDedicated is configured
• the parameter TDD-UL-DL-ConfigDedicated overrides only flexible symbols per 

slot over the number of slots as provided by TDD-UL-DL-ConfigurationCommon

• Overrides only the flexible symbols
• UE (or group) specific

• CellGroupConfig à SpCellConfig à ServingCellConfig à TDD-UL-DL-
ConfigDedicated
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    ... 
} 
 
TDD-UL-DL-Pattern ::=               SEQUENCE { 
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}, 
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots), 
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1), 
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots), 
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1), 
    ..., 
    [[ 
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                                   OPTIONAL -- Need R 
    ]] 
} 
 
TDD-UL-DL-ConfigDedicated ::=       SEQUENCE { 
    slotSpecificConfigurationsToAddModList      SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig           OPTIONAL, -- Need N 
    slotSpecificConfigurationsToreleaseList     SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex            OPTIONAL, -- Need N 
    ... 
} 
 
TDD-UL-DL-SlotConfig ::=            SEQUENCE { 
    slotIndex                           TDD-UL-DL-SlotIndex, 
    symbols                             CHOICE { 
        allDownlink                         NULL, 
        allUplink                           NULL, 
        explicit                            SEQUENCE { 
            nrofDownlinkSymbols                 INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL, -- Need S 
            nrofUplinkSymbols                   INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL  -- Need S 
        } 
    } 
} 
 
TDD-UL-DL-SlotIndex ::=             INTEGER (0..maxNrofSlots-1) 
 
-- TAG-TDD-UL-DL-CONFIG-STOP 
-- ASN1STOP 

 

TDD-UL-DL-ConfigCommon field descriptions 
referenceSubcarrierSpacing 
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers, i.e., independent of the 
actual subcarrier spacing using for data transmission. Only the values 15, 30 or 60 kHz (<6GHz) and 60 or 120 kHz (>6GHz) are applicable. The network configures a not 
larger than any SCS of configured BWPs for the serving cell. Corresponds to L1 parameter 'reference-SCS' (see TS 38.213 [13], clause 11.1). 
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Overriding factors
• For a set of symbols of a slot that are indicated to a UE as flexible by TDD-UL-DL-
ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, 
• Not expected to transmit
• Not expected to  receive

• Higher layer parameters configure receive for symbols in a slot
• If UE does not detect DCI (0-1,0-0,1-0,1-1) that says transmit 

• Then UE receives
• Else 

• UE does not receive

• Higher layer parameters configure transmit for symbols in a slot
• UE detects DCI (0-1,0-0,1-0,1-1) that says receive in a subset of the above symbols

• UE does not cancel the transmission for the symbols smaller than the PUSCH preparation time Tproc,2 
• the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of 

symbols and cancels the SRS transmission in remaining symbols from the subset of symbols 

Copyright:  IIT Madras, 2019

• So, if there is a conflict between DCI and RRC for some symbols, then the UE 
neither receives nor transmits (expect for few symbols in the PUSCH preparation 
time)

• So only flexible symbols can be overwritten by DCI



UE determination of SLOT format (with DCI 
format 2-0)
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SlotFormatCombinationsPerCell field descriptions 
positionInDCI 
The (starting) position (bit) of the slotFormatCombinationId (SFI-Index) for this serving cell (servingCellId) within the DCI payload (see TS 38.213 [13], clause 11.1.1). 
servingCellId 
The ID of the serving cell for which the slotFormatCombinations are applicable. 
slotFormatCombinations 
A list with SlotFormatCombinations. Each SlotFormatCombination comprises of one or more SlotFormats (see TS 38.211 [16], clause 4.3.2). The total number of slotFormats in 
the slotFormatCombinations list does not exceed 512.  
subcarrierSpacing2 
Reference subcarrier spacing for a Slot Format Combination on an FDD or SUL cell (see TS 38.213 [13], clause 11.1.1). For FDD, subcarrierSpacing (SFI-scs) is the reference 
SCS for DL BWP and subcarrierSpacing2 (SFI-scs2) is the reference SCS for UL BWP. For SUL, subcarrierSpacing (SFI-scs) is the reference SCS for non-SUL carrier and 
subcarrierSpacing2 (SFI-scs2) is the reference SCS for SUL carrier. The network configures a value that is smaller than or equal to any SCS of configured BWPs of the serving 
cell that the command applies to. And the network configures a value that is smaller than or equal to the SCS of the serving cell which the UE monitors for SFI indications. 
subcarrierSpacing 
Reference subcarrier spacing for this Slot Format Combination. The network configures a value that is smaller than or equal to any SCS of configured BWPs of the serving cell 
that the command applies to. And the network configures a value that is smaller than or equal to the SCS of the serving cell which the UE monitors for SFI indications (see TS 
38.213 [13], clause 11.1.1). 
 

± SlotFormatIndicator 

The IE SlotFormatIndicator is used to configure monitoring a Group-Common-PDCCH for Slot-Format-Indicators (SFI). 

SlotFormatIndicator information element 

-- ASN1START 
-- TAG-SLOTFORMATINDICATOR-START 
 
SlotFormatIndicator ::=     SEQUENCE { 
    sfi-RNTI                    RNTI-Value, 
    dci-PayloadSize             INTEGER (1..maxSFI-DCI-PayloadSize), 
    slotFormatCombToAddModList  SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF SlotFormatCombinationsPerCell OPTIONAL, -- Need N 
    slotFormatCombToReleaseList SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex                 OPTIONAL, -- Need N 
    ... 
} 
 
-- TAG-SLOTFORMATINDICATOR-STOP 
-- ASN1STOP 
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SlotFormatCombinationsPerCell information element 

-- ASN1START 
-- TAG-SLOTFORMATCOMBINATIONSPERCELL-START 
 
SlotFormatCombinationsPerCell ::=   SEQUENCE { 
    servingCellId                       ServCellIndex, 
    subcarrierSpacing                   SubcarrierSpacing, 
    subcarrierSpacing2                  SubcarrierSpacing                                                                 OPTIONAL, -- Need R 
    slotFormatCombinations              SEQUENCE (SIZE (1..maxNrofSlotFormatCombinationsPerSet)) OF SlotFormatCombination OPTIONAL, -- Need M 
    positionInDCI                       INTEGER(0..maxSFI-DCI-PayloadSize-1)                                              OPTIONAL, -- Need M 
    ... 
} 
 
SlotFormatCombination ::=           SEQUENCE { 
    slotFormatCombinationId             SlotFormatCombinationId, 
    slotFormats                         SEQUENCE (SIZE (1..maxNrofSlotFormatsPerCombination)) OF INTEGER (0..255) 
} 
 
SlotFormatCombinationId ::=         INTEGER (0..maxNrofSlotFormatCombinationsPerSet-1) 
 
-- TAG-SLOTFORMATCOMBINATIONSPERCELL-STOP 
-- ASN1STOP 

 

SlotFormatCombination field descriptions 
slotFormatCombinationId 
This ID is used in the DCI payload to dynamically select this SlotFormatCombination, see TS 38.213 [13], clause 11.1.1. 
slotFormats 
Slot formats that occur in consecutive slots in time domain order as listed here (see TS 38.213 [13], clause 11.1.1. 
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Table 11.1.1-1: Slot formats for normal cyclic prefix 

Format Symbol number in a slot 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 

0 D D D D D D D D D D D D D D 
1 U U U U U U U U U U U U U U 
2 F F F F F F F F F F F F F F 
3 D D D D D D D D D D D D D F 
4 D D D D D D D D D D D D F F 
5 D D D D D D D D D D D F F F 
6 D D D D D D D D D D F F F F 
7 D D D D D D D D D F F F F F 
8 F F F F F F F F F F F F F U 
9 F F F F F F F F F F F F U U 
10 F U U U U U U U U U U U U U 
11 F F U U U U U U U U U U U U 
12 F F F U U U U U U U U U U U 
13 F F F F U U U U U U U U U U 
14 F F F F F U U U U U U U U U 
15 F F F F F F U U U U U U U U 
16 D F F F F F F F F F F F F F 
17 D D F F F F F F F F F F F F 
18 D D D F F F F F F F F F F F 
19 D F F F F F F F F F F F F U 
20 D D F F F F F F F F F F F U 
21 D D D F F F F F F F F F F U 
22 D F F F F F F F F F F F U U 
23 D D F F F F F F F F F F U U 
24 D D D F F F F F F F F F U U 
25 D F F F F F F F F F F U U U 
26 D D F F F F F F F F F U U U 
27 D D D F F F F F F F F U U U 
28 D D D D D D D D D D D D F U 
29 D D D D D D D D D D D F F U 
30 D D D D D D D D D D F F F U 
31 D D D D D D D D D D D F U U 
32 D D D D D D D D D D F F U U 
33 D D D D D D D D D F F F U U 
34 D F U U U U U U U U U U U U 
35 D D F U U U U U U U U U U U 
36 D D D F U U U U U U U U U U 
37 D F F U U U U U U U U U U U 
38 D D F F U U U U U U U U U U 
39 D D D F F U U U U U U U U U 
40 D F F F U U U U U U U U U U 
41 D D F F F U U U U U U U U U 
42 D D D F F F U U U U U U U U 
43 D D D D D D D D D F F F F U 
44 D D D D D D F F F F F F U U 
45 D D D D D D F F U U U U U U 
46 D D D D D F U D D D D D F U 
47 D D F U U U U D D F U U U U 
48 D F U U U U U D F U U U U U 
49 D D D D F F U D D D D F F U 
50 D D F F U U U D D F F U U U 
51 D F F U U U U D F F U U U U 
52 D F F F F F U D F F F F F U 
53 D D F F F F U D D F F F F U 
54 F F F F F F F D D D D D D D 
55 D D F F F U U U D D D D D D 

56 – 254  Reserved 

255 UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-
UL-DL-ConfigDedicated and, if any, on detected DCI formats 

 



• There should not be any conflict between RRC and DCI_2_0
• For a set of symbols of a slot that are indicated as downlink/uplink by TDD-UL-DL-ConfigurationCommon, or TDD- UL-

DL-ConfigDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the 
set of symbols of the slot as uplink/downlink, respectively, or as flexible. 
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