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1. Introduction
An LS[1] on PSFCH and S-SSB transmissions over non-contiguous RB sets has been received from RAN1. Hence in this paper we try to give some analysis and a reply LS is proposed.
2. Discussion
The RAN1 LS is captured as below with two questions for S-SSB and PSFCH:
1. Overall Description:
RAN1 has discussed the scenario where a RX UE needs to transmit PSFCHs (using existing R16/17 PSFCH format 0) across multiple unlicensed channels within a SL BWP in a same slot. Similarly, RAN1 is also discussing UE transmitting S-SSBs across multiple unlicensed channels within a SL BWP in a same slot. RAN1 would like to seek RAN4’s opinion on the following questions.
Question 1: whether multiple PSFCHs (using existing R16/17 PSFCH format 0) can be transmitted over non-contiguous RB sets?
Question 2: If multiple PSFCHs (using existing R16/17 PSFCH format 0) can be transmitted over non-contiguous RB sets, is there a limitation(s) on e.g., number of RB sets, max. frequency separation between the RB sets, etc?
The above same two questions also apply to UE transmitting S-SSBs over non-contiguous RB sets. Note that, according to existing RAN1 agreements, it is not possible to transmit PSFCH and S-SSB within a SL BWP in a same slot.


Since currently most NR SL-U requirements are based on the NR-U requirement, we also look back to the NR-U wide-band operation discussion. Currently the RAN4 wideband operation MRP requirement is captured as below. where ‘1’ indicates that a sub-band is transmitted and ‘0’ indicates a sub-band is not transmitted. From the table and corresponding bitmap we can see the sub-band configuration for each channel bandwidth are all contiguous. There is no non-contiguous sub-band configuration in NR-U. 
Observation 1: For NR-U, the MPR configuration of sub-band are all contiguous.

Table 6.2F.2A.2-2 MPR mapping for intra-band CA wideband operation
Wideband operation channel bandwidth (MHz)
Sub-band configuration 
[CC1-CC2]

A
B
20+20
1-1
1-0, 0-1
20+40
1-11, 1-10, 0-01, 0-10, 0-11, 1-00
None
20+60
1-111, 1-110, 0-111, 0-110, 1-000, 0-001
0-010, 0-100, 0-011, 1-100
20+80
1-1111, 1-1110, 0-1111, 0-1110, 0-1100, 0-0100, 0-0111, 1-1000, 0-0011, 0-1000, 0-0010, 1-0000, 0-0001
1-1100, 0-0111
40+20
11-1, 01-1, 11-0, 00-1, 01-0, 01-1, 10-0
None
40+40
11-11, 11-10, 01-11, 01-10, 10-00, 00-01
00-10, 01-00, 00-11, 11-00
40+60
11-111, 11-110, 01-111, 01-110, 01-100, 00-100, 00-111, 11-000, 00-011, 01-000, 00-010, 10-000,00-001
11-100, 00-111
40+80
11-1111, 11-1110, 01-1111, 01-1110, 11-1100, 00-1111, 01-1100, 00-1110, 00-1100, 11-0000, 00-0011, 01-0000, 00-0010, 10-0000, 00-0001 
11-1000, 00-0111, 01-1000, 00-0110, 00-1000, 00-0100
60+20
111-1, 111-0, 011-1, 011-0, 100-0, 000-1 
001-0, 010-0, 001-1, 110-0
60+40
111-11, 111-10, 011-11, 011-10, 011-00, 001-00, 001-10, 001-11, 110-00, 000-11, 010-00, 000-10, 100-00, 000-01
111-00, 001-11
60+60
111-111, 111-110, 011-111, 011-110, 111-100, 001-111, 011-100,  001-110, 001-100, 110-000, 000-011, 010-000, 000-010, 100-000, 000-001
 111-000, 000-111, 011-000, 000-110, 001-000, 000-100
60+80
111-1111, 111-1110, 111-1100, , 011-1111, 011-1110, 011-1100, 001-1111, 001-1110, 001-1100, 001-1000, 000-1100, 000-1000, 000-1000, 001-0000, 000-0100, 110-0000, 000-0011, 010-0000, 000-0010, 100-0000, 000-0001
111-1000, 000-1111, 011-1000, 000-1110, 111-0000, 000-0111, 011-0000, 000-0110
80+20
1111-1, 1111-0, 0111-1, 0111-0, 0110-0, 0010-0, 0011-1, 1100-0, 0001-1, 0100-0, 0001-0, 1000-0, 0000-1
1110-0, 0011-1
80+40
1111-11, 1111-10, 0111-11, 0111-10, 1111-00, 0011-11, 0111-00, 0011-10,  0011-00, 1100-00, 0000-11, 0100-00, 0000-10, 1000-00, 0000-01
1110-00, 0001-11, 0110-00, 0001-10, 0010-00, 0001-00
80+60
1111-111, 1111-110, 1111-100, 0111-111, 0111-110, 0111-100, 0011-111, 0011-110, 0011-100, 0011-000, 0001-100, 0001-000, 0001-000, 0010-000, 0000-100, 1100-000, 0000-011, 01000-00, 0000-010, 1000-000, 0000-001
1111-000, 0001-111, 0111-000, 0001-110, 1110-000, 0000-111, 0110-000, 0000-110
80+80
1111-1111, 1111-1110, 1111-1100, 0111-1111, 0111-1110, 0111-1100, 0011-1111, 0011-1110, 0011-1100, 0011-1000, 0001-1100, 0001-1000, 1110-0000,
0000-0111, 0110-0000, 0000-0110, 0010-0000, 0000-0100, 1100-0000, 0000-0011, 0100-0000, 0000-0010, 1000-0000, 0000-0001
1111-1000, 0001-1111, 0111-1000, 0001-1110, 1111-0000, 0000-1111, 0111-0000, 0000-1110, 0011-0000, 0000-1100, 0001-0000, 0000-1000
NOTE 1:	The sub-band configuration is represented as a bitmap where ‘1’ indicates that a sub-band is transmitted and ‘0’ indicates a sub-band is not transmitted.  The bitmap is ordered with MSB mapped to the lowest frequency sub-band and LSB mapped to highest frequency sub-band within the wideband channel.


During the NR-U discussion, the non-contiguous widebnd operation feasibility has been fully discussed, however in the end an LS [2] was sent to RAN1 as below:
1. Overall Description:
RAN4 would like to thank RAN1 for the LS on UL wideband carrier operation for NR-U.  It is RAN4’s understanding that based in prioritization guidance provided in [1] from RAN plenary, only Alt. 1 for UL transmission has been deemed essential for timely completion of the work item.  Therefore, Alt. 2 has been deprioritized and RAN4 will no longer study its feasibility in the current work item.  
Furthermore, within the context of Alt. 1 UL transmission, RAN4 has further agreed to prioritize defining requirements only for the case where all LBT sub-bands within the scheduled UL transmission are contiguous within the wideband channel.  It is not RAN4’s intention to limit RAN1 scheduling or to preclude future possibility of non-contiguous UL LBT sub-bands, but the current priority for Rel-16 is for contiguous sub-bands.


It has been discussed within RAN4 and for the timely completion of the NR-U work item, only all the LBT of sub-bands are successful and only contiguous sub-bands of wideband operation is prioritized.
Observation 2: Only all the LBT of sub-bands are successful and only contiguous sub-bands of wideband operation is prioritized in RAN4 Rel-16 NR-U discussion.
Observation 3: RAN4 has not limited RAN1 design on non-contiguous RB set transmission.
For the feasibility of transmission on non-contiguous LBT sub-bands, in NR-U discussion, only the DL with non-contiguous LBT sub-bands is assumed to be feasible in the case that emission requirements are WiFi-like and the feasibility of meeting other more stringent emission requirements was FFS. The LS[3] was captured as below:
1. Overall Description
RAN4#90bis meeting has further discussed wideband carrier operation for NR-U and would like to share with RAN1 what was concluded further for questions asked by RAN1 in [1] and [2] on top of the RAN4 LS reply [3] from RAN4#90 meeting:
RAN4 has discussed NR-U single wideband carrier operations. The following agreements apply at least for DL wideband carrier operation. RAN4 will discuss UL wideband carrier transmissions in future.
· It is feasible to operate single carrier wideband operation when when LBT is successful in all LBT sub-bands
· FFS whether guardbands are needed in between LBT sub-bands or not

· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.
· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by gNB. 
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 
· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE
· FFS how to specify this in RAN4
· FFS filter adaptation time if PRBs within the guardband of two contiguous LBT sub-bands are scheduled by gNB.


Observation 3: The feasibility of DL non-contiguous sub-bands are considered feasible under limited requirement and further feasibility for more stringent requirement is not concluded in RAN4 NR-U study.
For the UL non-contiguous sub-bands, there is no any agreement in NR-U study and the feasibility is still questionable based on the discussion so far.
Observation 4: The feasibility of UL non-contiguous sub-bands was not agreed in NR-U Rel-16 work.
In such case, it is hard to conclude the feasibility of the transmission over non-contiguous RB sets and whether new requirements will be needed. However, as in the Rel-16 NR-U LS stated, even though that RAN4 has prioritized the contiguous RB set requirement work, RAN4 do not limit RAN1 design on the non-contiguous RB set. We believe the same situation apply also in NR SL-U.
Proposal 1: RAN4 prioritize the contiguous RB set work but not to limit RAN1 design or preclude the possibility of non-contiguous RB sets transmission.
3	Conclusions
In this contribution, we give initial discussion on the sidelink evolution and the observation and proposals are shown as below:
Observation 1: For NR-U, the MPR configuration of sub-band are all contiguous.
Observation 2: Only all the LBT of sub-bands are successful and only contiguous sub-bands of wideband operation is prioritized in RAN4 Rel-16 NR-U discussion.
[bookmark: _Hlk135073360]Observation 3: The feasibility of DL non-contiguous sub-bands are considered feasible under limited requirement and further feasibility for more stringent requirement is not concluded in RAN4 NR-U study.
Observation 4: The feasibility of UL non-contiguous sub-bands was not agreed in NR-U Rel-16 work.
Proposal 1: RAN4 prioritize the contiguous RB set work but not to limit RAN1 design or preclude the possibility of non-contiguous RB sets transmission.
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[bookmark: _Hlk116500371]1. Overall Description:
RAN4 has discussed RAN1 LS on PSFCH and S-SSB transmissions over non-contiguous RB sets. 
For Question 1: whether multiple PSFCHs (using existing R16/17 PSFCH format 0) can be transmitted over non-contiguous RB sets?
Currently in RAN4 specification for NR-U, only the scenario as “all the LBT of sub-bands are successful and only contiguous sub-bands of wideband operation” is prioritized in RAN4 Rel-16 NR-U discussion and corresponding UE RF requirements have been defined. The feasibility of DL non-contiguous sub-bands are considered feasible under limited requirement and further feasibility for more stringent requirement is not concluded in RAN4 NR-U study in Rel-16. Also, the feasibility of UL non-contiguous sub-bands was not agreed in NR-U Rel-16 work.
With that background, in RAN4 SL-U discussion, it has been also agreed to prioritize the PSFCH and S-SSB transmissions over contiguous RB sets in Rel-18. However, It is not RAN4’s intention to limit RAN1 design on PSFCH and S-SSB transmissions over non-contiguous RB sets.
For Question 2: If multiple PSFCHs (using existing R16/17 PSFCH format 0) can be transmitted over non-contiguous RB sets, is there a limitation(s) on e.g., number of RB sets, max. frequency separation between the RB sets, etc?
It is RAN4 understanding that there will be no specific limitation on the frequency separation. However, different performance degradation is expected due to different frequency separation of the non-contiguous RB sets.

2. Actions:
To RAN4: RAN4 respectfully requests RAN1 to take the above response into consideration.

3. Date of Next RAN1 Meetings:
RAN4#108			Aug 21-25, 2023					Toulouse, FR
RAN4#108-bis			Oct 09-13, 2023					               Xiamen, CN
