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Introduction
In this contribution, we continue discussing the remaining issues of NR-V2X synchronization. 
Discussion
1.1 PSBCH contents
It was agreed that indication of TDD configuration is included in NR-V2X PSBCH [1]:

Agreements:
· Note: “green” already earlier; “blue” new agreements, “brown” working assumption, “change marks” for updates

	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	12 
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	Slot index
	7
	Note: Up to 3 bits can be carried in DM-RS or in PBCH payload.

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
	



In LTE-V2X, there are only 7 TDD configurations. While in NR system, the slot format is flexible and there is DL, UL and flexible symbols per slot. There are several ways to configure the slot format in NR Uu: Cell-specific RRC configuration, UE-specific RRC configuration, Dynamic SFI. It was agreed that TDD-UL-DL common configuration is used for indication of TDD configuration, then cell-specific RRC configuration of slot format should be used.
Proposal 1: The TDD configuration which is based on cell-specific slot format configuration should be indicated in PSBCH for NR-V2X.
The cell-specific slot format configuration of Rel-15 NR Uu system includes the following information elements [2].
[bookmark: _Toc20426129][bookmark: _Toc29321525]–	TDD-UL-DL-ConfigCommon
The IE TDD-UL-DL-ConfigCommon determines the cell specific Uplink/Downlink TDD configuration.
TDD-UL-DL-ConfigCommon information element
-- ASN1START
-- TAG-TDD-UL-DL-CONFIGCOMMON-START

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                       OPTIONAL, -- Need R
    ...
}

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
    ]]
}

-- TAG-TDD-UL-DL-CONFIGCOMMON-STOP
-- ASN1STOP
where:

maxNrofSlots                            INTEGER ::= 320     -- Maximum number of slots in a 10 ms period
maxNrofSymbols-1                        INTEGER ::= 13      -- Maximum index identifying a symbol within a slot (14 symbols, indexed from 0..13)
SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1}


The number of bits for per information elements are: 
SubcarrierSpacing: 3 bits
dl-UL-TransmissionPeriodicity: 3 bits
nrofDownlinkSlots: 9 bits
nrofDownlinkSymbols: 4 bits
nrofUplinkSlots: 9 bits
nrofUplinkSymbols: 4 bits

If the network configures pattern 1 and pattern 2 simultaneously, the total number of bits for cell-specific slot format configuration is 63 bits, which is too large to be carried in PSBCH. Considering only 12 bits used for TDD configuration indication, the cell-specific slot formation should be simplified to reduce the required number of bits for indication.
It was agreed that SL transmission can occur in UL resources [1].
Agreements:
•	NR supports SL transmissions at least in cell-specific UL resources in Uu.
Only UL resources indicated in PSBCH is enough. Furthermore, there is no necessary to indicate the parameter nrofUplinkSymbols in PSBCH to reduce the payload of PSBCH. Indication of nrofUplinkSlots is enough for out of coverage UE to know which resource can be used. 
The nrofUplinkSlots is based on the referenceSubcarrierSpacing, which is used to determine the time boundary of UL slots. To reduce the payload size, 15kHz can be used for the referenceSubcarrierSpacing. In that case, the nrofUplinkSlots can be up to 20, which requires only 5 bits. If the parameter referenceSubcarrierSpacing configured by gNB is not 15kHz, the transformation of the number of UL slots is needed. For example, if the referenceSubcarrierSpacing is configured as 30kHz, and nrofUplinkSymbols is set to 7. The number of UL slots that is indicated in PSBCH should be floor(7/2)=3 assuming that 15kHz SCS is used to determine the time boundary in PSBCH. 
If both pattern 1 and pattern 2 are configured by gNB, and nrofUplinkSlots in both pattern 1 and pattern 2 are indicated in PSBCH, that will exceed 12 bits, since the parameter dl-UL-TransmissionPeriodicity (3bits in each pattern) should also be indicated in PSBCH. One possibility is to indicate a combined periodicity of both pattern 1 and pattern 2, and only the nrofUplinkSlots in pattern 2 (or pattern 1) is indicated in PSBCH. 
A combined periodicity of both pattern 1 and pattern 2 should also be indicated in PSBCH so that the OOC UE can know the periodicity of the cell-specific UL-DL pattern. Considering the default 15kHz SCS is assumed for PSBCH indication, the dl-UL-TransmissionPeriodicity in both pattern1 and pattern 2 should be only limited within the value set {1, 2, 5, 10}ms corresponding to integer times of one slots. Therefore, the combined periodicity should be within the set {1,2,3,4,5,6,7,10,11,12,15,20}ms considering all combinations of dl-UL-TransmissionPeriodicity in pattern 1 and pattern 2. 4 bits are needed to indicate the combined periodicity.

Then the parameters to be indicated in PSBCH and the corresponding number of bits of each parameter are as follows.
· nrofUplinkSlots_SL: 5 bits, the possible value is [0, 19] assuming 15kHz SCS;
·  if only pattern 1 is configured, nrofUplinkSlots_SL is determined by the parameter nrofUplinkSlots in pattern 1 and the parameter referenceSubcarrierSpacing;         
· if both pattern 1 and pattern 2 are configured, nrofUplinkSlots_SL is determined by the parameter nrofUplinkSlots in pattern 2 and the parameter referenceSubcarrierSpacing;
· dl-UL-TransmissionPeriodicity_SL: 4bit, the possible value is {1,2,3,4,5,6,7,10,11,12,15,20}ms	Comment by zhaozhenshan: Fr2 basd on 60kHz,whether 12 bits is enough
· if only pattern 1 is configured, dl-UL-TransmissionPeriodicity_SL is determined by the parameter dl-UL-TransmissionPeriodicity in pattern 1;  
· if both pattern 1 and pattern 2 are configured, dl-UL-TransmissionPeriodicity_SL is the total period of both pattern 1 and pattern 2;

One illustration is shown below. gNB configures both pattern 1 and pattern 2. There are 2 UL slots in pattern 1 and 6 UL slots in pattern 2. The referenceSubcarrierSpacing is 15kHz. For the PSBCH transmitted by IC UE, only the combined periodicity (20ms) and the number of UL slots in pattern 2 (6 slots) are indicated within PSBCH. An OOC UE can determine the slot format based on the PSBCH, and only the indicated UL slot indicated in PSBCH can be seen as available resource for SL for OOC UE. 



Figure 1

For FR2, the referenceSubcarrierSpacing can be assumed to 60kHz. The value range of nrofUplinkSlots is [0, 79], corresponding to 7 bits. The dl-UL-TransmissionPeriodicity for patter 1 or patter 2 can be limit to {0.5, 1, 1.25, 2, 2.5, 5, 10}ms corresponding to integer times of one slot. The combined periodicity of pattern 1 and pattern 2 is within the set {0.5, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 3, 3.25, 3.5, 3.75, 4, 4.5, 5, 5.5, 6, 6.25, 7, 7.5, 10, 10.5, 11, 11.25, 12, 12.5, 15, 20}ms, corresponding to 5 bits. In that case, the total number of bits for TDD indication is 12 bits, which fulfills the number of bits for TDD indication in PSBCH.
Therefore, the mechanism can be applied to:
· Both FR1 and FR2, and 
· [bookmark: _GoBack]Only pattern 1 is configured, or both pattern 1 and patter 2 are configured by gNB

Proposal 2: For TDD configuration indication in PSBCH, referenceSubcarrierSpacing is assumed to be 15kHz for FR1 and 60kHz for FR2. The following fields are indicated by PSBCH:
· nrofUplinkSlots_SL 
· if only pattern 1 is configured, nrofUplinkSlots_SL is determined by nrofUplinkSlots in pattern 1;
· if both pattern 1 and pattern 2 are configured, nrofUplinkSlots_SL is determined by nrofUplinkSlots in pattern 2;
· dl-UL-TransmissionPeriodicity_SL
· if only pattern 1 is configured, dl-UL-TransmissionPeriodicity_SL is determined by dl-UL-TransmissionPeriodicity in pattern 1;
· if both pattern 1 and pattern 2 are configured, dl-UL-TransmissionPeriodicity_SL is combined periodicity of pattern 1 and pattern 2;
· the possible values are 
· FR1: {1,2,3,4,5,6,7,10,11,12,15,20}ms 
· FR2: {0.5, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 3, 3.25, 3.5, 3.75, 4, 4.5, 5, 5.5, 6, 6.25, 7, 7.5, 10, 10.5, 11, 11.25, 12, 12.5, 15, 20}ms

1.2 Resource sets for S-SSB 
Till now, we agreed that up to N S-SSB can be transmitted within a synchronization period (160ms), such as N is up to 64 in FR2. It needs to clarify that the N S-SSB transmission is only within one synchronization resource set. In LTE-V2X, up to 2 or 3 synchronization resource sets can be configured. For example, if 2 sync resource sets are configured, the UE receives S-SSB in one of the 2 sync resource and transmits S-SSB in another sync resource.
Proposal 3: The number of synchronization resource set is same as LTE-V2X. How to use the sync resource set follows the same mechanism as LTE-V2X.
Conclusion
In this contribution, the remaining issued of synchronization mechanism for NR-V2X are discussed. The following proposals are given.
Proposal 1: The TDD configuration which is based on cell-specific slot format configuration should be indicated in PSBCH for NR-V2X.
Proposal 2: For TDD configuration indication in PSBCH, referenceSubcarrierSpacing is assumed to be 15kHz for FR1 and 60kHz for FR2. The following fields are indicated by PSBCH:
· nrofUplinkSlots_SL 
· if only pattern 1 is configured, nrofUplinkSlots_SL is determined by nrofUplinkSlots in pattern 1;
· if both pattern 1 and pattern 2 are configured, nrofUplinkSlots_SL is determined by nrofUplinkSlots in pattern 2;
· dl-UL-TransmissionPeriodicity_SL
· if only pattern 1 is configured, dl-UL-TransmissionPeriodicity_SL is determined by dl-UL-TransmissionPeriodicity in pattern 1;
· if both pattern 1 and pattern 2 are configured, dl-UL-TransmissionPeriodicity_SL is combined periodicity of pattern 1 and pattern 2;
· the possible values are 
· FR1: {1,2,3,4,5,6,7,10,11,12,15,20}ms 
· FR2: {0.5, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 3, 3.25, 3.5, 3.75, 4, 4.5, 5, 5.5, 6, 6.25, 7, 7.5, 10, 10.5, 11, 11.25, 12, 12.5, 15, 20}ms
Proposal 3: The number of synchronization resource set is same as LTE-V2X. How to use the sync resource set follows the same mechanism as LTE-V2X.
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