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1. Introduction
In RAN WG1 #102-e meeting, the following agreements were made:

	[bookmark: _Hlk49000833]Agreements:
· Confirm the working assumptions (RAN1#101-e) about SL SCS and indication of granularity of the number of UL resources in PSBCH.

Conclusion:
· The locations of slots that only include uplink symbols are same as that in NR Uu. The indication of UL slots location is not specified in PSBCH.
· No RAN1 spec impact

Conclusion:
· For reception of an S-SS/PSBCH block, the SL TDD configuration derivation is up to UE implementation.

Agreements:
· When both tdd-UL-DL-ConfigurationCommon and sl-TDD-Configuration are not provided [for FDD band or an ITS band], a bit sequence of sl-TDD-Config in PSBCH is set to the following values representing the meaning that all the slots are uplink slots:
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This contribution addresses the essential corrections on NR sidelink synchronization mechanisms. 
2. Discussion 
Among the agreements made so far, there are a few points that need further clarification or are not captured properly in the specification.  This contribution addresses those remaining issues.
Regarding the SL timing that was agreed to follow the DL timing, we need to clarify the value of the SL timing advance offset for the UE’s RF switching time. The SL transmission timing is determined based on the SL timing advance , and the timing advance offset  that is configured by gNB to enable UE to prepare switching from one type of RF transmission to another. The value of  is always zero for SL transmission. Similar description is clearly specified in TS 36.211 specification, but is missing in the current TS 38.211 specification.
Proposal 1: According to the agreement made in RAN1#101-e meeting, adopt the following TP for TS 38.211.
Agreements:
· For sidelink transmission, when gNB/eNB is used as the synchronization reference, the timing determination mechanism in LTE V2X is reused in NR V2X, i.e. DL timing is used.
TP for TS 38.211
	[bookmark: _Toc454818155]8.5	Timing


Transmission of a sidelink radio frame number  from the UE shall start  seconds before the start of the corresponding timing reference frame at the UE. The UE is not required to receive the downlink transmissions in TDD configuration or the sidelink transmission earlier than  after the end of a sidelink transmission, where  is given by [7.1.2, TS 38.133].
If the UE has a serving cell fulfilling the S criterion according to [5.2.3.2, TS 38.304]


-	the timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink and

-	 is given by [7.1.2, TS 38.133],
otherwise 

-	the timing of reference radio frame  is implicitly obtained from [TS 38.213] and

-	.



Figure xxx: Sidelink timing relation.

The quantity  equals 0.


In current TS 38.213 specification, UE operation with respect to the TDD configuration is missing as only tdd-UL-DL-ConfigurationCommon is considered for determining sl-TDD-Config in PSBCH content. For OOC UE, there is no connection with gNB so no information about tdd-UL-DL-ConfigurationCommon. The OOC UE should use the pre-configuration for this purpose, which is defined as sl-TDD-Configuration in TS 38.331. This point needs to be captured in TS 38.213.
Proposal 2: For transmission of an S-SS/PSBCH block, sl-TDD-Configuration in SL-PreconfigurationNR can be used for sl-TDD-Config generation. Adopt the following TP for TS 38.213.
TP for TS 38.213
	16.1	Synchronization procedures
<Unchanged parts omitted>
For transmission of an S-SS/PSBCH block, a UE includes a bit sequence  in the PSBCH payload to indicate sl-TDD-Config and provide a slot format over a number of slots, where
-	 if pattern1 is provided by sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon;  if both pattern1 and pattern2 are provided by sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon as described in Clause 11.1
-	 are determined based on
-	 in pattern1 as described in Table 16.1-1 for  
-	 in pattern1 and  in pattern2 as described in Table 16.1-2 for 
where  and  are as described in Clause 11.1
-	 are the 7th to 1st LSBs of , respectively
-	for , 
-	for , 
where
-	 is the number of symbols in a slot:  if cyclicPrefix-SL = “ECP”; else, 
-	 is 1 if , else  is 0
-	 is 1 if , else  is 0 
-	 is the sidelink starting symbol index provided by sl-StartSymbol
-	 is the granularity of slots indication as described in Table 16.1-2
-	, , , ,  are the parameters of TDD-UL-ConfigurationCommon as described in Clause 11.1, or the parameters of sl-TDD-Configuration as defined in [9.3, TS 38.331]
-	 corresponds to SL SCS as defined in [4, TS 38.211]


Two issues were discussed in RAN1#102-e meeting regarding the ambiguity in SL slot derivation from sl-TDD-Config field in PSBCH and the coincidence between the SL slots used by INC UE and OOC UE.
Regarding the SL slot derivation from sl-TDD-Config, from the beginning of the relevant discussions, it was a common understanding that only when a group indicated by sl-TDD-Config is composed of UL slots, it is counted as sl-TDD-Config. If there is any DL or flexible slots in a group, those slots may cause unwanted interference to DL communication, which was not acceptable. As a result, if there are UL slots less than the grouping factor, those UL slots are not used for SL slots. With this understanding, there is no ambiguity in current specification regarding the SL slot derivation from sl-TDD-Config.
As for the issue of coincidence between SL slots to be used for INC UE and OOC UE, the network can guarantee by network implementation that the SL slots derived from sl-TDD-Config field carried by PSBCH and the SL slots derived from sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon are identical. Further details can be found in [1].
Another approach with no RRC impact is to apply the same formula that is used for deriving sl-TDD-Config to the SL resource pool determination. That is, the bit map is applied to the UL slots that is derived from tdd-UL-DL-ConfigurationCommon or sl-TDD-Configuration by applying the formula for calculating sl-TDD-Config. With this operation, there will be no difference in using SL slots between INC UE and OOC UE, and between UEs that receives PSBCH or not.
Observation 1: It is guaranteed by network implementation that the SL slots derived from sl-TDD-Config field carried by PSBCH and the SL slots derived from sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon are identical. No further specification work is needed.
In the latest version of TS38.214, the set of slots included in a resource pool is derived based on tdd-UL-DL-ConfiguratoinCommon or sl-TDD-Configuration. Its motivation is that in-coverage UE derives the set of SL slots belonging to a resource pool based on the TDD pattern provided by gNB in the same carrier, and out-of-coverage UE derives the set of SL slots belonging to a resource pool based on TDD pattern provided by preconfigured parameter. 
The higher layer parameter tdd-UL-DL-ConfigurationCommon is available only for the in-coverage UE while pre-configured parameter sl-TDD-Configuration is available for both in-coverage UE and out-of-coverage UE. Considering that the system information could be updated, it can cause cross-link interference to always use the pre-configured parameter sl-TDD-Configuration for resource pool configuration. Moreover, even for the in-coverage UE, there can be a case when the UE is not provided tdd-UL-DL-ConfigurationCommon. Similarly, there can be a case when the UE is not provided sl-TDD-Configuration. For these cases, when UE determines excluded slots for a resource pool configuration, TDD pattern doesn’t need to be considered. 
Meanwhile, for efficient sidelink TX and RX, both TX UE and RX UE needs to have the same understanding on the TDD pattern and the synchronized slot boundary. When both TX UE and RX UE are camping on the same serving cell, both UE can use the same slot boundary and the same tdd-UL-DL-ConfigurationCommon for resource pool configuration. When both TX UE and RX UE are out-of-coverage UE, when the synch reference source is GNSS, both UEs could use the pre-configured parameter sl-TDD-Configuration to derive the set of slots available for SL. On the other hand, if the synch reference source of TX UE is another UE, and if the synch reference of this UE is gNB, using sl-TDD-Configuration can guarantee the same understanding on the TDD pattern between TX UE and RX UE, but it can cause cross-link interference. On the other hand, when the UE uses tdd-UL-DL-ConfigurationCommon for resource pool configuration, cross-link interference could be avoided, but the TX UE and RX UE may have different understanding on the set of slots belonging to a resource pool. 
When RX UE is out-of-coverage UE, S-SSB needs to be used to support synchronization and the same understanding on the TDD pattern. To be specific, the in-coverage UE transmits synchronization signals based on DL slot timing of the serving cell and PSBCH containing TDD pattern based on the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell. Once the RX UE successfully receives S-SSB, both UEs can be synchronized each other and have the same understanding on the TDD pattern. 
Observation 2: For partial coverage scenario, sl-TDD-Config provided by PSBCH needs to be used for deriving slots available for SL which may belong to a resource pool. 
Proposal 3: To derive the set of slots which can belongs to a resource pool, the TDD pattern is derived as follows:
· For in-coverage UE, 
· If the UE is provided tdd-UL-DL-ConfigurationCommon, the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell is used.
· For out-of-coverage UE,
· If the UE has a selected SyncRef UE, 
· sl-TDD-Config provided by the received PSBCH is used.
· Else
· If the UE is provided sl-TDD-Configuration, the higher layer parameter sl-TDD-Configuration provided by pre-configuration is used. 
Adopt the following TP for 38.214
	[bookmark: _Toc29673233][bookmark: _Toc29673374][bookmark: _Toc29674367][bookmark: _Toc36645597]8	Physical sidelink shared channel related procedures
A UE can be configured by higher layers with one or more sidelink resource pools. A sidelink resource pool can be for transmission of PSSCH, as described in Clause 8.1, or for reception of PSSCH, as described in Clause 8.3 and can be associated with either sidelink resource allocation mode 1 or sidelink resource allocation mode 2.
In the frequency domain, a sidelink resource pool consists of sl-NumSubchannel contiguous sub-channels. A sub-channel consists of sl-SubchannelSize contiguous PRBs, where sl-NumSubchannel and sl-SubchannelSize are higher layer parameters.
The set of slots that may belong to a sidelink resource pool is denoted by  where
-	 
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0,
-	the set includes all the slots except the following slots, 
-	 slots in which S-SS/PSBCH block (S-SSB) is configured,
-	 slots in each of which at least one of Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if provided, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.
<Unchanged part is omitted>



3. Conclusion
This contribution discussed on NR SL synchronization mechanism. The discussions can be summarized as follows.
Proposal 1: According to the agreement made in RAN1#101-e meeting, adopt the following TP for TS 38.211.
Agreements:
· For sidelink transmission, when gNB/eNB is used as the synchronization reference, the timing determination mechanism in LTE V2X is reused in NR V2X, i.e. DL timing is used.
TP for TS 38.211
	8.5	Timing


Transmission of a sidelink radio frame number  from the UE shall start  seconds before the start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink or downlink transmissions earlier than  after the end of a sidelink transmission, where  is given by [7.1.2, TS 38.133].
If the UE has a serving cell fulfilling the S criterion according to [5.2.3.2, TS 38.304]


-	the timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink and

-	 is given by [7.1.2, TS 38.133],
otherwise 

-	the timing of reference radio frame  is implicitly obtained from [TS 38.213] and

-	.



Figure xxx: Sidelink timing relation.

The quantity  equals 0.


Proposal 2: For transmission of an S-SS/PSBCH block, sl-TDD-Configuration in SL-PreconfigurationNR can be used for sl-TDD-Config generation. Adopt the following TP for TS 38.213.
TP for TS 38.213
	16.1	Synchronization procedures
<Unchanged parts omitted>
For transmission of an S-SS/PSBCH block, a UE includes a bit sequence  in the PSBCH payload to indicate sl-TDD-Config and provide a slot format over a number of slots, where
-	 if pattern1 is provided by sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon;  if both pattern1 and pattern2 are provided by sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon as described in Clause 11.1
-	 are determined based on
-	 in pattern1 as described in Table 16.1-1 for  
-	 in pattern1 and  in pattern2 as described in Table 16.1-2 for 
where  and  are as described in Clause 11.1
-	 are the 7th to 1st LSBs of , respectively
-	for , 
-	for , 
where
-	 is the number of symbols in a slot:  if cyclicPrefix-SL = “ECP”; else, 
-	 is 1 if , else  is 0
-	 is 1 if , else  is 0 
-	 is the sidelink starting symbol index provided by sl-StartSymbol
-	 is the granularity of slots indication as described in Table 16.1-2
-	, , , ,  are the parameters of TDD-UL-ConfigurationCommon as described in Clause 11.1, or the parameters of sl-TDD-Configuration as defined in [9.3, TS 38.331]
-	 corresponds to SL SCS as defined in [4, TS 38.211]


Observation 1: It is guaranteed by network implementation that the SL slots derived from sl-TDD-Config field carried by PSBCH and the SL slots derived from sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon are identical. No further specification work is needed.
Observation 2: For partial coverage scenario, sl-TDD-Config provided by PSBCH needs to be used for deriving slots available for SL which may belong to a resource pool. 
Proposal 3: To derive the set of slots which can belongs to a resource pool, the TDD pattern is derived as follows:
· For in-coverage UE, 
· If the UE is provided tdd-UL-DL-ConfigurationCommon, the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell is used.
· For out-of-coverage UE,
· If the UE has a selected SyncRef UE, 
· sl-TDD-Config provided by the received PSBCH is used.
· Else
· If the UE is provided sl-TDD-Configuration, the higher layer parameter sl-TDD-Configuration provided by pre-configuration is used. 
Adopt the following TP for 38.214
	8	Physical sidelink shared channel related procedures
A UE can be configured by higher layers with one or more sidelink resource pools. A sidelink resource pool can be for transmission of PSSCH, as described in Clause 8.1, or for reception of PSSCH, as described in Clause 8.3 and can be associated with either sidelink resource allocation mode 1 or sidelink resource allocation mode 2.
In the frequency domain, a sidelink resource pool consists of sl-NumSubchannel contiguous sub-channels. A sub-channel consists of sl-SubchannelSize contiguous PRBs, where sl-NumSubchannel and sl-SubchannelSize are higher layer parameters.
The set of slots that may belong to a sidelink resource pool is denoted by  where
-	 
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0,
-	the set includes all the slots except the following slots, 
-	 slots in which S-SS/PSBCH block (S-SSB) is configured,
-	 slots in each of which at least one of Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if provided, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.
<Unchanged part is omitted>
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