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Introduction
In this paper, we provide considerations on aspects related to UE features for NR sidelink evolution elaborating co-channel co-existence and sidelink operation over unlicensed spectrum. Moreover, it's anticipated that CA agenda shall impact the UE capability discussion as well.
Co-ex
Semi-static resource pool sharing
For semi-static resource pool sharing based co-channel co-existence aspects, the following RAN1 agreement have impact on UE features. 
Conclusion
For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated
The motivation for the FFS is that per LTE and NR synchronization procedure, when the synchronization is based on GNSS, the NR module and LTE module does not have the same synchronization ordering/priority group (comparing table 1,2 and 3). However, the TDM solution relies on subframe/slot alignment so that the resource pool of LTE-V and NR-V can be separated without impacting the performance of each other. During the discussion, companies are reluctant to introduce such enhancement but there does not seem to be any technical way out to address the subframe/slot alignment issue other than making NR SL UE supporting the LTE synchronization references at least when the highest synchronization priority is configured as GNSS. As a compromise, we think it feasible to introduce a capability signaling for the NR module of the type A UE to support the LTE synchronization references. In case a UE indicates the signaling to NW or within a range of UE, the LTE GNSS based synchronization references configured/pre-configured to NR module of the UE can be applied. In short, the following is proposed.
[bookmark: _Toc135071881][bookmark: _Toc135072115]Introduce capability signaling for NR module to indicate the support of LTE synchronization references
[bookmark: _Toc135071882][bookmark: _Toc135072116]For those UE capable of supporting the LTE synchronization references, if the highest synchronization priority is configured as GNSS, NR module of the UE can be indicated to apply the order of LTE based synchronization reference selection. 


Table 1 LTE GNSS based synchronization references - In Coverage
	Priority Group
	Synchronization References

	P1
	GNSS

	P2
	UE directly synchronized to GNSS

	P3
	eNB




Table 2 LTE GNSS based synchronization references - Out of Coverage
	Priority Group
	Synchronization References

	P1
	GNSS

	P2
	UE directly synchronized to GNSS; UE directly synchronized to eNB

	P3
	UE indirectly synchronized to GNSS；UE indirectly sycnhronized to eNB

	P4
	Remaining UE（including those using its own clock）



Table 3 NR GNSS-based synchronization
	•           P0: GNSS
•           P1: UE directly synchronized to GNSS
•           P2: UE indirectly synchronized to GNSS
•           P3: gNB/eNB
•           P4: UE directly synchronized to gNB/eNB
•           P5: UE indirectly synchronized to gNB/eNB
[bookmark: _GoBack]•           P6: the remaining UEs have the lowest priority.



Dynamic resource pool sharing
Device type and Operation Mode
For the device type and operation mode for a device supporting dynamic resource pool sharing based co-channel coexistence, the UE shall indicate to each other the device type, i.e. the modules incorporated in the device as well as the concrete mode for each of the module. To be specific, the candidate value for the modules incorporated is effectively {NR, LTE} and the operation mode shall be {NR mode 2, LTE mode 4} according to the below RAN1 agreements
Working assumption
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.

Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.
· FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).
[bookmark: _Toc135071883][bookmark: _Toc135072117]Introduce device type and operation mode related component to dynamic resource pool sharing
[bookmark: _Toc135071884][bookmark: _Toc135072118]The candidate values are {NR, LTE} and {NR mode2, LTE mode 4} respectively

Supported subcarrier spacing and specific issues related to 30kHz SCS
Agreement
Solution guidance in order to minimize WG efforts to support 15/30kHz SCSs for NR SL with dynamic pool sharing in Rel-18.
· RAN1 is tasked to support only 15 and 30 kHz SCSs for dynamic resource pool sharing. Existing RAN1 agreements for dynamic resource pool sharing apply to support of 30 kHz.
· For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
· No change to the R16/17 resource allocation procedure in PHY due to this restriction
· The existing SL slot structure from Rel-16 is unchanged
· The starting symbol of the first of the overlapping NR SL slots is assumed to be aligned with the first symbol of the LTE SL subframe
· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.
· Mode 2 operation only

Agreement
For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
· Note: How to ensure the above condition is up to UE implementation
· FFS on whether same or different frequency allocation may be used in the second overlapping slot

Agreement
In NR SL resource (re)selection procedure for dynamic resource pool sharing, the PHY layer of NR SL module excludes NR SL candidate resources in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission 
· For the LTE SL periodic resources selected to be used for LTE SL module’s own LTE SL transmission, 
· For determining the above LTE SL selected resources, the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission are repeated according to the LTE SL resource reservation period and LTE SL resource reselection count
· The PHY layer of NR SL module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes all NR SL candidate resources in a NR SL slot where NR SL periodic resources are in the NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission according to Step 5 in Section 8.1.4 of TS 38.214
· Note: When the PHY layer of NR SL module cancels the above procedure according to Step 5a in Section 8.1.4 of TS 38.214, UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule
· Alt 1: The above procedure is applied at least when the priority of LTE SL transmission is higher than the priority of NR SL transmission
· It is up to UE implementation whether or not to apply the above procedure when the priority of LTE SL transmission is not higher than the priority of NR SL transmission
· Note: It is assumed that the information relevant to LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission used in the above procedure is shared from LTE SL module to NR SL module
Combining the agreements, it's noted:  
·  The candidate subcarrier spacing for the NR module should include both 15kHz and 30kHz, however the following operations addressing the AGC issues between 15k and 30k should only be applied to mode 2 : 
·   For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
·   The power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe and this is applicable to mode 2 only as well

[bookmark: _Toc135071885][bookmark: _Toc135072119]Introduce subcarrier specific capability or component related to dynamic resource pool sharing reflecting the following aspects:
[bookmark: _Toc135071886][bookmark: _Toc135072120]The candidate subcarrier spacing for the NR module should include both 15kHz and 30kHz, however the following operations addressing the AGC issues between 15k and 30k should only be applied to mode 2: 
 - For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
- For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
[bookmark: _Toc135071887][bookmark: _Toc135072121]  The power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe and this is applicable to mode 2 only as well

LTE information sharing to NR module
For the information sharing between LTE module and NR module, the following restriction is needed on the latest time that the NR module shall obtain the information shared by the LTE SL module. 
Agreement
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T ≤ Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed
[bookmark: _Toc135071888][bookmark: _Toc135072122]Introduce a component for dynamic based resource pool sharing on the timeline between LTE and NR information sharing 
[bookmark: _Toc135071889][bookmark: _Toc135072123]The NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission. •	T is defined using T ≤ 4 ms







Capability for Sidelink Unlicensed Spectrum
The fundamental channel access and structure from NR-U
For the fundamental channel access and interlace based mapping structure, NR-U capabilities can be used as a baseline to consolidate the SL-U relevant capabilities. Some of the fundamental channel access and structure related NR-U capabilities are provided in Table 4. A proposal is consolidated accordingly.
[bookmark: _Toc135071890][bookmark: _Toc135072124]The fundamental channel access and structure as in Table.4 from NR-U can be taken as baseline to consolidate the SL-U relevant capabilities
Table 4 Representative NR-U Capabilities
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	10-1
	UL channel access for dynamic channel access mode  
	1. Type 1 channel access and contention window size adjustment
2. Type 2A channel access
3. Type 2B channel access
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	
	ul-DynamicChAccess-r16
	SharedSpectrumChAccessParamsPerBand-r16
	n/a
	n/a
	the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling

This FG is a part of basic operation for following scenarios defined in TS38.300
Scenario A2, B, C, D and E with dynamic channel access mode

	10-3
	PRB interlace mapping for PUSCH
	1. PRB interlace frequency domain resource allocation for PUSCH
	
	pusch-PRB-interlace-r16
	SharedSpectrumChAccessParamsPerBand-r16
	n/a
	n/a
	Support of PRB interlace PUSCH

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10-13a
	Extended CP range of more than one symbol for CG-PUSCH
	UE supports generating a CP extension of length longer than 1 symbol for Configured Grant PUSCH transmission
	One or both of {5-19, 5-20}
	extCP-rangeCG-PUSCH-r16
	SharedSpectrumChAccessParamsPerBand-r16
	n/a
	n/a
	How long a UE can generate the CP extension beyond 1 symbol for CG-PUSCH

the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10-21a
	Support using ED threshold given by gNB for UL to DL COT sharing
	1. Use ULtoDL-CO-SharingED-Threshold-r16 for Type 1 channel access for scheduled UL to share COT with gNB for DL
2. Use ULtoDL-CO-SharingED-Threshold-r16 for Type 1 channel access for CG-PUSCH to share COT with gNB for DL
3. Indicate in CG-UCI the COT sharing information
	10-1
	ed-Threshold-r16
	SharedSpectrumChAccessParamsPerBand-r16
	n/a
	n/a
	the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signalling

	10-21b
	Support UL to DL COT sharing
	1. Support Type 1 LBT for scheduled UL to share COT with gNB for DL without ULtoDL-CO-SharingED-Threshold-r16
2. Support Type 1 LBT for CG-PUSCH to share COT with gNB for DL without ULtoDL-CO-SharingED-Threshold-r16
3. Indicate in CG-UCI the COT sharing information
	10-1
	ul-DL-COT-Sharing-r16
	SharedSpectrumChAccessParamsPerBand-r16
	n/a
	n/a
	the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling




The fundamental channel access and structure from NR sidelink
For the fundamental sidelink features, the SL-U enhancements including CP extension should be considered and reflected in the relevant feature group e.g. 15-1. ECP in FR2 is not supposed to be supported because the scenario of relevance is in FR1. Moreover, there are at most two starting symbols for a given transmission without PSFCH resource while only a single starting symbol transmission for those slots with PSFCH resource.
[bookmark: _Toc135072125]The fundamental channel access and structure as in Table.5 from NR sidelink can be taken as baseline to consolidate the SL-U relevant capabilities

Table 5 Representative NR Sidelink Capabilities
	12. 5G_V2X_NRSL
	15-1
	Receiving NR sidelink 
	1) UE can receive NR PSCCH/PSSCH. Up to a total of A sidelink HARQ processes across all links are supported.
2) UE can receive X PSCCH in a slot.
3) UE can attempt to decode Y= NRB non-overlapping RBs per slot
4) UE supports reception of PSSCH according to the 64QAM MCS table
5) UE supports PT-RS reception in FR2.
6) UE can receive using the subcarrier spacing and CP length defined for a given band in RAN4
7) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
8) UE can receive using 30 kHz subcarrier spacing with normal CP in FR1, 120 kHz subcarrier spacing with normal CP FR2
	None
	sl-Reception-r16 {
harq-RxProcessSidelink-r16,
pscch-RxSidelink-r16,
scs-CP-PatternRxSidelink-r16{
fr1-r16{
scs-15kHz-r16,
scs-30kHz-r16,
scs-60kHz-r16},
fr2-r16{
scs-60kHz-r16,
scs-120kHz-r16}
},
extendedCP-RxSidelink-r16
}
	BandSidelink-r16
	n/a
	n/a
	This is the basic FG for sidelink

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note:
NRB is the number of RBs defined per channel bandwidth by RAN4 in 38.101-1 Table 5.3.2-1 for FR1 and 38.101-2 Table 5.3.2.-1 for FR2

Note: Component 8 is not required to be signalled in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 12 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Component-1 candidate value set: {16, 24, 32, 48, 64}

Component-2 candidate value set: {floor (NRB /10 RBs), 2*floor (NRB /10 RBs)}

Component-8 candidate value set in FR1:
{{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
Component-8 candidate value set in FR2:
{{60 kHz}, {120 kHz}, {60, 120 kHz}}
Component-8 candidate value set for CP length: {NCP,NCP and ECP}
(ECP only applies to SCS of 60 kHz)

	Optional with capability signaling. For UE supports NR sidelink, UE must indicate this FG is supported.



	
	15-3
	Transmitting NR sidelink mode 2 
	1) UE can transmit PSCCH/PSSCH using NR sidelink mode 2 configured by NR Uu or preconfiguration. Up to B sidelink processes are supported.
2) UE can transmit PSSCH according to the normal 64QAM MCS table.
3) UE supports PT-RS transmission in FR2.
4) UE can perform mode 2 sensing and resource allocation operations
5) UE can transmit using the subcarrier spacing and CP length it reports for FG 15-1
6) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
7) UE can transmit using 30 kHz and normal CP subcarrier spacing in FR1, 120 kHz subcarrier spacing with normal CP FR2
8) DL pathloss based open loop power control when mode 2 is configured by NR Uu
	15-1
	sl-TransmissionMode2-r16{
harq-TxProcessModeTwoSidelink-r16,
scs-CP-PatternTxSidelinkModeTwo-r16,
dl-openLoopPC-Sidelink-r16
}
	BandSidelink-r16
	n/a
	n/a
	Note: Random selection in the exceptional pool is supported.

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

This is the basic FG for NR sidelink

Candidate values for B are {8,16}

Note: Component 6 is not required to be signalled in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 10 is only required in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1

Note: Component 11 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1 
	Optional with capability signalling
For UE supports NR sidelink, UE must indicate this FG is supported.





Conclusion
According to the discussion above, we provide the following observations and proposals on physical layer structure for sidelink on FR1 unlicensed spectrum:
Proposal 1:	Introduce capability signaling for NR module to indicate the support of LTE synchronization references
•	For those UE capable of supporting the LTE synchronization references, if the highest synchronization priority is configured as GNSS, NR module of the UE can be indicated to apply the order of LTE based synchronization reference selection.
Proposal 2:	Introduce device type and operation mode related component to dynamic resource pool sharing
•	The candidate values are {NR, LTE} and {NR mode2, LTE mode 4} respectively
Proposal 3:	Introduce subcarrier specific capability or component related to dynamic resource pool sharing reflecting the following aspects:
•	The candidate subcarrier spacing for the NR module should include both 15kHz and 30kHz, however the following operations addressing the AGC issues between 15k and 30k should only be applied to mode 2:
•	The power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe and this is applicable to mode 2 only as well
Proposal 4:	Introduce a component for dynamic based resource pool sharing on the timeline between LTE and NR information sharing
•	The NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission. • T is defined using T ≤ 4 ms
Proposal 5:	The fundamental channel access and structure as in Table.4 from NR-U can be taken as baseline to consolidate the SL-U relevant capabilities
Proposal 6:	The fundamental channel access and structure as in Table.5 from NR sidelink can be taken as baseline to consolidate the SL-U relevant capabilities
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