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Introduction
[bookmark: _GoBack]In this paper, we provide our considerations on aspects related to UE features for NR sidelink evolution elaborating co-channel co-existence, sidelink operation over unlicensed spectrum as well as carrier aggregation.
Dynamic resource pool sharing in Co-Ex
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
For the first bullet, current FG 47-s1 already captured that in the first component. However, regarding the power restriction on the NR PSCCH/PSSCH transmission slots overlapping with LTE subframe, we believe this should also be a component for UE supporting transmission using 30kHz. To reflect that point, we suggest adding a separate component in the agreed 47-s1.
3) UE supports using higher or equal power for the first slot of transmission of NR PSCCH/PSSCH than the subsequent slots overlapping with an LTE subframe with 30kHZ subcarrier spacing. 

[bookmark: _Toc146795408][bookmark: _Toc146795013][bookmark: _Toc149915766]Add a third component in the FG 47-s1






	47. NR_SL_enh2
	47-s1
	Transmission/Reception using dynamic resource pool sharing 
	1) Avoidance of NR PSCCH/PSSCH/PSFCH overlapping with EUTRA SL resources in dynamic resource pool sharing using LTE sidelink resource reservation information in NR mode2 resource (re)selection

2) UE supports NR sidelink TXs and RXs in a resource pool in 15kHz and 30kHz SCSs and uses the SCS that is (pre)configured for a SL BWP. 
3) UE supports using higher or equal power for the first slot of transmission of NR PSCCH/PSSCH than the subsequent slots overlapping with an LTE subframe with 30kHZ subcarrier spacing. 

	[15-3, 15-6, 15-11]
	[Yes]
	No
	UE does not support transmission/reception using dynamic resource pool sharing

	[Per band]
	N/A
	N/A
	
	[This is the basic FG for LTE/NR sidelink co-channel coexistence.]

[UE supports EUTRA mode 4 SL in the same band]
	[Optional with capability signalling]

[For UE supports NR sidelink co-channel coexist with EUTRA sidelink, UE must support this FG.]



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
We believe the above timeline related description should be added to the component 1) of 47-s1 as below
1) Avoidance of NR PSCCH/PSSCH/PSFCH overlapping with EUTRA SL resources in dynamic resource pool sharing using LTE sidelink resource reservation information known at the latest T ms prior to slot n in NR mode2 resource (re)selection
And we need to clarify in the notes the maximum value for T is 4ms.
[bookmark: _Toc149915767][bookmark: _Toc146795409][bookmark: _Toc146795014]Introduce the LTE NR timeline related description in the FG 47-s1 
	47. NR_SL_enh2
	47-s1
	Transmission/Reception using dynamic resource pool sharing
	1) Avoidance of NR PSCCH/PSSCH/PSFCH overlapping with EUTRA SL resources in dynamic resource pool sharing using LTE sidelink resource reservation information in NR mode2 resource (re)selection

2) UE supports NR sidelink TXs and RXs in a resource pool in 15kHz and 30kHz SCSs and uses the SCS that is (pre)configured for a SL BWP. 
3) UE supports using higher or equal power for the first slot of transmission of NR PSCCH/PSSCH than the subsequent slots overlapping with an LTE subframe with 30kHZ subcarrier spacing. 

	[15-3, 15-6, 15-11]
	[Yes]
	No
	
	[Per band]
	N/A
	N/A
	
	[This is the basic FG for LTE/NR sidelink co-channel coexistence.]

[UE supports EUTRA mode 4 SL in the same band]

The maximum value of T is 4ms
	[Optional with capability signalling]

[For UE supports NR sidelink co-channel coexist with EUTRA sidelink, UE must support this FG.]



Capability for Sidelink Unlicensed Spectrum

Capabilities related to channel structure
According to the current TS 38.213[5], the high-layer parameter sl-PSFCH-Type can be set to "type1"or "type2" .
· Type1 PSFCH：Each PSFCH transmission occupies 1 dedicated interlace
· Type2 PSFCH：Each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
In Rel-16/17 sidelink, UE performs PSFCH dropping based on the ability of the maximum number of transmit/receive PSFCH. In Rel-16/17 sidelink, a PSFCH resource occupies a RB, which can be understood as the maximum PSFCH RB number represents the UE capability, or the maximum PSFCH number represents the UE capability.
In Rel-18 SL-U, a dedicated interlace include one or more PSFCH resources, and also contain multiple RBs. Further discussion is needed on how to define the ability of the maximum number of transmit/receive PSFCH in Rel-18 SL-U. For example, one UE will transmit two PSFCHs as shown as in Figure 1. In Figure 1-a, the two PSFCHs are in different interleaves, and in Figure 1-b, the two PSFCHs are in the same interleave. When a UE sends two PSFCHs as shown in Figure 1-a and Figure 1-b, are the capability requirements for the UE the same or different?


          
Figure 1-a: Two PSFCH in different interlaces              Figure 1-b: Two PSFCH in the same interlace
For the definition of UE's capability to transmit/receive PSFCH, there are the following three alternatives:
· Alt.1：Defined as the maximum number of supported PSFCH RB. 
· Alt.2：Defined as the maximum number of supported interlace. 
· Alt.3：Defined as the maximum number of supported PSFCH resources. 
RAN1 needs to further discuss which UE capability definition above is adopted. It is suggested that the unified definition of UE capability is adopted for type 1 and type 2 PSFCH. In Figure 2-a, for type 2 PSFCH, one UE transmit PSFCH in two PSFCH resources, which occupy the entire interlace. In Figure 2-b, for type 1 PSFCH, one UE transmit a PSFCH in one interlace. If Alt3 is adopted for the definition of UE's capability to transmit/receive PSFCH, it means that the capability requirements for UE are different in Figures 2-a and Figure 2-b. It is obvious that this is unreasonable. Therefore, it is suggested that Alt1 or Alt2 should be down-selected.



                      
Figure 2-a: Two PSFCH in different interlaces                Figure 2-b: one PSFCH occupy one interlace
(Type 2 PSFCH)		                                	(Type 1 PSFCH)
[bookmark: _Toc149915768]It is suggested that the definition of UE's capability to transmit/receive PSFCH should be down-selected from the following alternatives.
[bookmark: _Toc149915769]Alt.1：Defined as the maximum number of supported PSFCH RB
[bookmark: _Toc149915770]Alt.2：Defined as the maximum number of supported interlace
[bookmark: _Toc142691365][bookmark: _Toc142678587][bookmark: _Toc146795414][bookmark: _Toc146795019][bookmark: _Toc149915771]Further discussion is needed on whether to consider common interlace for defining the ability of the maximum number of transmit/receive PSFCH.

Another issue is about FG 47-k2 as follows:
	47. NR_SL_enh2
	47- k2
	SL multi-channel access for dynamic channel access mode
	1. UE supports multi-channel access procedures for PSSCH transmission in multiple RB sets
2. UE supports Type A and Type B multi-channel access procedures for concurrent PSFCH transmissions in multiple RB sets
[3. UE supports Type A and Type B multi-channel access procedures for concurrent S-SSB transmissions in multiple RB sets]

FFS whether to introduce FG(s) for transmission on multiple RB sets
	47-k1, 15-11, and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	[No]
	UE does not support multi-channel access in dynamic channel access mode for NR sidelink operation in unlicensed spectrum.
	[Per band / Per UE or Per FS (for 20MHz BW only UE)]
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	[Optional with or without capability signalling]


For the multi-channel access case, we believe a separate capability should be defined for component 3) the transmission of S-SSB over multiple RB sets. The reason is the transmission of S-SSB is also dependent on the configuration. And a UE may well support the multi-channel access for PSSCH or PSFCH but not support S-SSB due to no configuration of resources. 
In short, we propose the following revision to 47-k2
[bookmark: _Toc149915772][bookmark: _Toc146795415]The component 3) can be deleted and taken as a separate capability
	47. NR_SL_enh2
	47- k2
	SL multi-channel access for dynamic channel access mode
	1. UE supports multi-channel access procedures for PSSCH transmission in multiple RB sets
2. UE supports Type A and Type B multi-channel access procedures for concurrent PSFCH transmissions in multiple RB sets
[3. UE supports Type A and Type B multi-channel access procedures for concurrent S-SSB transmissions in multiple RB sets]

FFS whether to introduce FG(s) for transmission on multiple RB sets
	47-k1, 15-11, and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	[No]
	UE does not support multi-channel access in dynamic channel access mode for NR sidelink operation in unlicensed spectrum.
	[Per band / Per UE or Per FS (for 20MHz BW only UE)]
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	[Optional with or without capability signalling]




Conclusion
According to the discussion above, we provide the following observations and proposals on UE capabilities for sidelink evolution item
Proposal 1:	Add a third component in the FG 47-s1
	47. NR_SL_enh2
	47-s1
	Transmission/Reception using dynamic resource pool sharing 
	1) Avoidance of NR PSCCH/PSSCH/PSFCH overlapping with EUTRA SL resources in dynamic resource pool sharing using LTE sidelink resource reservation information in NR mode2 resource (re)selection

2) UE supports NR sidelink TXs and RXs in a resource pool in 15kHz and 30kHz SCSs and uses the SCS that is (pre)configured for a SL BWP. 
3) UE supports using higher or equal power for the first slot of transmission of NR PSCCH/PSSCH than the subsequent slots overlapping with an LTE subframe with 30kHZ subcarrier spacing. 

	[15-3, 15-6, 15-11]
	[Yes]
	No
	UE does not support transmission/reception using dynamic resource pool sharing

	[Per band]
	N/A
	N/A
	
	[This is the basic FG for LTE/NR sidelink co-channel coexistence.]

[UE supports EUTRA mode 4 SL in the same band]
	[Optional with capability signalling]

[For UE supports NR sidelink co-channel coexist with EUTRA sidelink, UE must support this FG.]



Proposal 2:	Introduce the LTE NR timeline related description in the FG 47-s1
	47. NR_SL_enh2
	47-s1
	Transmission/Reception using dynamic resource pool sharing
	1) Avoidance of NR PSCCH/PSSCH/PSFCH overlapping with EUTRA SL resources in dynamic resource pool sharing using LTE sidelink resource reservation information in NR mode2 resource (re)selection

2) UE supports NR sidelink TXs and RXs in a resource pool in 15kHz and 30kHz SCSs and uses the SCS that is (pre)configured for a SL BWP. 
3) UE supports using higher or equal power for the first slot of transmission of NR PSCCH/PSSCH than the subsequent slots overlapping with an LTE subframe with 30kHZ subcarrier spacing. 

	[15-3, 15-6, 15-11]
	[Yes]
	No
	
	[Per band]
	N/A
	N/A
	
	[This is the basic FG for LTE/NR sidelink co-channel coexistence.]

[UE supports EUTRA mode 4 SL in the same band]

The maximum value of T is 4ms
	[Optional with capability signalling]

[For UE supports NR sidelink co-channel coexist with EUTRA sidelink, UE must support this FG.]



Proposal 3:	It is suggested that the definition of UE's capability to transmit/receive PSFCH should be down-selected from the following alternatives.
•	Alt.1：Defined as the maximum number of supported PSFCH RB
•	Alt.2：Defined as the maximum number of supported interlace
Proposal 4:	Further discussion is needed on whether to consider common interlace for defining the ability of the maximum number of transmit/receive PSFCH.
Proposal 5:	The component 3) can be deleted and taken as a separate capability
	47. NR_SL_enh2
	47- k2
	SL multi-channel access for dynamic channel access mode
	1. UE supports multi-channel access procedures for PSSCH transmission in multiple RB sets
2. UE supports Type A and Type B multi-channel access procedures for concurrent PSFCH transmissions in multiple RB sets
[3. UE supports Type A and Type B multi-channel access procedures for concurrent S-SSB transmissions in multiple RB sets]

FFS whether to introduce FG(s) for transmission on multiple RB sets
	47-k1, 15-11, and at least one of [15-25 except Component 3 and 4 in 15-2], [15-3 except Component 3]
	Yes
	[No]
	UE does not support multi-channel access in dynamic channel access mode for NR sidelink operation in unlicensed spectrum.
	[Per band / Per UE or Per FS (for 20MHz BW only UE)]
	n/a
	n/a
	
	The signaling is only expected for a band where shared spectrum channel access must be used.
	[Optional with or without capability signalling]
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