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1	Introduction
There are still some remaining issues for physical layer procedures for Rel-16 NR sidelink. A RAN plenary tdoc RP-193198 from Rapporteur provided a task list for these remaining issues [1]:
	PHY 
Layer
Procedure
	B1
	 Details of “when to prioritize which transmission” in case of simultaneous transmission of UL and SL across difference carriers
	Depends on the outcome of RAN1 discussion

	
	B2
	Details on PSFCH candidate resource determination
	No

	
	B3
	Whether or not to introduce restriction on the size of group in groupcast HARQ feedback option 2 
	Depends on the outcome of RAN1 discussion

	
	B4
	Details of calculating TX-RX distance for groupcast HARQ feedback option 1
	Yes

	
	B5
	Details of transmission power of PSCCH
	No

	
	B6
	How to derive reference PSSCH DMRS power for SL pathloss estimation
	No

	
	B7
	Details of sidelink CSI measurement
	No

	
	B8
	Contents of 2nd SCI format, including down-selection of the following options:
0. Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
0. SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
0. Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
1. 1st stage SCI indicates which format is used.
	No



In this contribution, we loosely follow the task list to discuss remaining issues on Rel-16 sidelink physical layer procedures, covering UL/SL Tx priority, PSFCH design, SL groupcast, power control, and SL CSI measurement. Our proposals are also provided. 

2	Discussions 
These subsection 2.1~2.8 follows the task B1~B8, respectively.

[bookmark: _Hlk32494998]2.1	Priority of simultaneous transmission of UL and SL across difference carriers	
RAN1 #98bis meeting reached this WA:
	Working assumption:
· For the power limited case in supporting simultaneous sidelink and uplink transmissions (SL carrier is different from UL carrier),
· If sidelink transmission is prioritized over uplink transmission, the UE shall adjust the uplink transmission power before the start of the transmission such that its total transmission power does not exceed [image: ] on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.
· If uplink transmission is prioritized over sidelink transmission, the UE shall adjust the sidelink transmission power before the start of the transmission such that its total transmission power does not exceed [image: ] on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.
· Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink
· PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.
· Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.
· If the simultaneous transmission of sidelink and uplink is beyond the UE capability, the one not prioritized can be dropped.
· FFS: when to prioritize which transmission
· FFS: how to address UE processing time
· FFS: whether there is a case of dropping some symbols of uplink transmissions
· Whether/how to address RF transient period is up to RAN4.



The question on “B1: when to prioritize which transmission” in the case of simultaneous transmission of UL and SL across different carriers shall be based the priority value configured for SL and UL transmission. Last RAN2 meeting has reached this agreement on prioritization, based the RAN2 LS R2-1916468 [6]:
	1. For prioritization between SL-TX and UL-TX (only for PUSCH), for UL MAC CE, rely on LTE solution, i.e., they are treated as if of priority lower than the UL-threshold, so down-prioritized if SL-TX is higher than SL-threshold, otherwise prioritized.





With this RAN2 agreement, the priority operation for UL and SL shall follow LTE’s approach.
Proposal 1: The LTE procedures and signalling can be reused for priority of SL and UL transmission, following RAN2 agreement.

2.2	PSFCH candidate resource determination	
RAN1 #99 meeting has one working assumption to define PSFCH resource:
	Working assumption:
· For the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB,
· Each PSFCH resource is indexed in the manner of frequency first and cyclic shift second.
· FFS the order of cyclic shift indexing in a PRB.
· PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of a RX UE.
· K is the L1 source ID of the associated PSCCH/PSSCH.
· M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.
· FFS whether to have the following restriction. 
· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).
· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.



From this WA, one PSFCH resource is defined as a combination of a PRB index and a cyclic shift pair index, out of total of  PRBs and  cyclic shift pairs. The order of all PSFCH resource is indexed with PRB first and cyclic shift second, based on the WA. The PSFCH resource is indexed with , where  is the L1 source ID of the Tx UE,  for unicast and groupcast Option 1, and  is the member ID of the Rx UE for groupcast Option 2.
One PSFCH resource occupies with one PRB with one cyclic shift pair. The total number of cyclic shift pairs is configurable with values  based on this agreement:
	Agreements:
· The number of cyclic shift pairs used for a PSFCH transmission (denoted by Y) that can be multiplexed in a PRB is (pre-)configured per resource pool among {1, 2, 3, 4, 6}.



For PSFCH candidate resource determination, RAN1 #99 has this agreement:
	Agreements:

· In determining PSFCH candidate resources for a PSFCH format from the starting sub-channel index and the slot index used for the corresponding PSSCH for actual transmission,
· Notation
· S: the number of sub-channels in a slot
· N: the number of PSSCH slots associated with a single PSFCH slot
· NF: the number of PRBs in the set (pre-)configured for the actual PSFCH resources.
· Within the set of PRBs (pre-)configured for the actual PSFCH resources, the first Z PRBs are associated with the first sub-channel in the first slot associated with the PSFCH slot, the second Z PRBs are associated with the first sub-channel in the second slot associated with the PSFCH slot, and so on.
· FFS when NF is not a multiple of S*N
· For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with 
· Option 1: the starting sub-channel and slot used for that PSSCH.
· Option 2: the sub-channel(s) and slot used for that PSSCH
· PSFCH TX/TX conflict case 2 and 3 will be discussed separately.



This agreement determines the PSFCH candidate for its associated PSSCH transmission in frequency domain. One PSFCH associated with one PSSCH will have  PRBs, where the  PRBs are associated with the 1st sub-channel in the first slot of PSSCH and the second  PRBs are associated with the 1st sub-channel in the second slot of PSSCH. The total number of PRBs in the (pre-) configured set for PSFCH is , which shall be a multiple of . 
Usually the total number of PRBs  for PSFCH is (pre-) configured as a multiple of . The open question is what will happen if  is not a multiple . Consider the number of sub-channels in a slot , the total number  of PSSCH slots associated with a single PSFCH slot, and  is a pre-configured parameter as the total number of PRBs for actual PSFCH resources. We shall configure  as a multiple of .
Proposal 2: Configure , the total number of PRBs for actual PSFCH resources, as a multiple of , where  is the number of sub-channels in a slot, and  is the total number of PSSCH slots associated with a single PSFCH slot.
This implies that there is a constraint for rbSetPSFCH. 
For the sub-channel association of the candidate PSFCH resources, we shall support Option 1, where the candidate PSFCH resources is the set of PRBs associated with the starting sub-channel and slot used for the Tx UE PSSCH.
Proposal 3:	For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with the starting sub-channel and slot used for that PSSCH.

2.3	Groupcast with option 2
From the WA in RAN1 #99 to define PSFCH resource, the highlighted WA below indicates the FFS issue for groupcast with option 2.
	Working assumption:
· For the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB,
· Each PSFCH resource is indexed in the manner of frequency first and cyclic shift second.
· FFS the order of cyclic shift indexing in a PRB.
· PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of a RX UE.
· K is the L1 source ID of the associated PSCCH/PSSCH.
· M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.
· FFS whether to have the following restriction. 
· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).
· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.



The open question is what is the Rx UE behavior when the total number of group members is greater than the PSFCH resources, for SL groupcast with Option 2. At least there are 2 alternatives:
Alt 1:	The Tx UE of the groupcast shall not use Option 2 when the group members exceed available PSFCH resources;
Alt 2:	When the total number of group members is greater than PSFCH resources, some Rx UEs in the group may share their corresponding PSFCH.
Alt 2 will result in PSFCH collision and feedback ambiguity in the groupcast. Alt 1 is a simple solution to avoid this problem. Therefore, Alt 1 should be supported.
Proposal 4:	The Tx UE of the groupcast shall not use groupcast Option 2 when the number of group members exceeds available PSFCH resources.


2.4	Tx-Rx distance calculation for groupcast option 1
One WA from RAN1 #99 meeting provides the details on the communication range requirement:
	Working assumption:
· At least 4 bits are used in 2nd stage SCI to indicate communication range requirement.
· Candidates at least include
· {50, 80, 180, 200, 350, 400, 500, 700, 1000} meters



There is one agreement in RAN1 #97 meeting:
	Agreements:

· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location



One WA in RAN1 #98bis has this WA:
	Working assumption:
· For TX-RX distance-based HARQ feedback for groupcast Option 1,
· [bookmark: _Hlk32491786]Zone is (pre-)configured with respect to geographical area, and Zone ID associated with TE UE’s location is indicated by SCI.
· Details FFS
· Note: this does not intend to impact the discussion on the zone based resource allocation.



For a Rx UE in a groupcast with HARQ Option 1, the 2nd stage SCI shall provide the communication range requirement and the Tx UE’s zone ID. The Rx UE uses its own location information (from higher layer), and Tx UE’s zone ID to estimate the Tx-Rx range. If the Tx-Rx range is greater than the communication range, the Rx UE may choose not to send its HARQ NACK feedback for the groupcast.
The distance calculation/estimation based on input Tx UE zone ID and UE’s own location information is a UE implementation issue. There is no need to have RAN1 specification to specify UE’s distance estimation, although RAN4 may specify the performance requirement on possible accuracy of the distance estimation. 
Proposal 5:	There is no need to specify Rx UE distance estimation method in RAN1 specification.

2.5	Tx power of PSCCH
We have this agreement from RAN1 #97 meeting:
	Agreements:

· For sidelink transmit power control,
· Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot.
· FFS whether/how to handle simultaneous transmission of sidelink and uplink
· The maximum SL transmit power is (pre-)configured to the TX UE.
· FFS on details (e.g., whether the maximum power is dependent of parameters such as the priority of PSCCH/PSSCH)
· For the SL open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· When the SL open-loop power control is configured to use both DL pathloss and SL pathloss,
· The minimum of the power values given by open-loop power control based on DL pathloss and the open-loop power control based on SL pathloss is taken.
· (Working assumption) P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.



Given that we have the agreement that SL Tx power shall be the same in the symbols for PSCCH/PSSCH, there is no need to have a separate PSCCH power control, which may cause transient gap for Tx power change. We shall have these proposals for PSCCH power control:
Proposal 6:	There is no need to support PSCCH power boosting.
Proposal 7:	PSCCH shall use the same path loss as that of PSSCH for power control.

2.6	SL pathloss estimation
RAN1 #98bis meeting reached this agreement on RSRP reporting for power control

	Agreements:

· L3-filtered sidelink RSRP reporting (from RX UE to TX UE) for open-loop power control for PSCCH/PSSCH uses higher layer signaling. 
· Details (e.g., reporting layer, triggering condition, etc.) are up to RAN2.
· FFS: Other details



RAN1 shall not specific physical layer RSRP reporting, at least for open loop power control for PSSCH/PSCCH. On the SL-RSRP measurement for SL open loop power control, there is an agreement in RAN1 #98bis
	Agreements:

· For SL-RSRP measurement for SL open-loop power control, PSSCH DMRS is used




For SL-based pathloss measurement, L3 filtered SL RSRP is reported from Rx UE for unicast SL transmission. The RSRP with L3 filtering could be carried out with measurement of RSRP at the Rx UE side over multiple slots, where the Tx UE may have various Tx power due to SL power control. Without the knowledge of the various TX power, it would be difficult to measure the SL pathloss based on L3 filtered RSRP measurement. One possible approach is to indicate the Tx power to the Rx UE, either through SCI or through high layer signaling for unicast transmission. The signaling overhead is high because the RSRP measurement could be carried over multiple PSSCH slots. 
An alternative approach can be carried at the Tx UE side with knowledge of L3 filtered SL RSRP from higher layer, provided the Tx UE has the full knowledge of its Tx power and its SL RSRP measurement window. With the two information, TX power at the SL RSRP measurement window, and the L3 filtered SL RSRP, the Tx UE can derive its targeted TX power for SL pathloss based power control.
Proposal 8:	The Tx UE can use the knowledge of Tx power at the SL RSRP measurement window, and L3 filtered SL RSRP to estimate the SL pathloss for SL pathloss based PSSCH/PSCCH power control.

2.7	SL CSI measurement
RAN1 #96bis meeting reached this agreement on sidelink CSI-RS:
	Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission



RAN1 #98bis meeting reached an important agreement on the CQI/RI reporting: no L1 CSI reporting for sidelink.
	Agreements:
· For CQI/RI reporting on PSSCH: 
· Higher layer signaling (e.g. MAC CE) is used for CQI/RI reporting
· Details up to RAN2
· SL CQI/RI measurement and derivation are based on the existing physical layer procedure for Uu




For Rel-16 sidelink, up to 2Tx ports is supported and CSI only includes CQI and RI. The key issues related to sidelink CSI shall be related to CSI measurement triggering and CSI reporting. For the SL CSI, the Tx UE shall trigger a SL CSI measurement when the Tx UE needs CSI feedback information. The CSI measurement triggering shall be initiated by the Tx UE. A simple approach is to use SCI signaling to indicate a CSI measurement. Meanwhile, SL CSI-RS shall be followed within PSSCH for CSI measurement at a Rx UE. 
Proposal 9:	SCI signaling shall be used to trigger CSI measurement. The CSI-RS shall be carried within the SCI related PSSCH.
At the Rx UE side, the CSI reporting is carried in MAC CE, where RAN2 will specify the details. In reply LS R1-1913695, RAN1 indicated that 
	Regarding Sidelink CSI Reporting MAC CE agreed in RAN2, in order to avoid reporting an outdated CQI/RI, RAN1 is of the opinion that CQI/RI needs to be sent within a latency bound subject to the availability of its transmission (e.g., prioritization, congestion control, etc.). RAN1 agreed that the latency bound for Sidelink CSI Reporting MAC CE is configurable within a range of 3 – 20 ms, expressed in slots, where RAN1 will decide how the value is configured in the next meeting. RAN1 assumes that any MAC CE based reporting of CQI/RI will follow the same procedure in terms of sidelink resource allocation framework defined by RAN1, i.e. it is expected to be transparent to the physical layer.



The CSI reporting latency bound should be used to ensure the latency quality of CSI reporting from MAC CE. PC5 RRC can be used to configure the CSI reporting bound.
Proposal 10:	The CSI reporting latency bound can be configured with PC5 RRC from Tx UE to Rx UE.


2.8	SCI format for groupcast option 1/2
There is one open issue on the 2nd stage SCI format for groupcast HARQ Option 1 and Option 2:
	Agreements:
· 2nd stage SCI format for groupcast HARQ feedback option 1 and option 2. To down-select during the week:
· Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
· SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
· Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
· 1st stage SCI indicates which format is used.




There is no need to differentiate the SCI format for groupcast Option 1 and Option 2. However, the size of the 2nd stage SCI format would be different for Option 1 and Option 2, depending on the Option 1 or 2 indication at the 1st stage SCI
Proposal 11:	The size of the 2nd stage SCI format for HARQ Option 1 and Option 2 would be different, where the Option 1 or 2 indication shall be carried at the 1st stage SCI. 

3	Conclusions
We summarize all our proposals here:
Proposal 1: The LTE procedures and signalling can be reused for priority of SL and UL transmission, following RAN2 agreement.
Proposal 2: Configure , the total number of PRBs for actual PSFCH resources, as a multiple of , where  is the number of sub-channels in a slot, and  is the total number of PSSCH slots associated with a single PSFCH slot.
Proposal 3:	For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with the starting sub-channel and slot used for that PSSCH.
Proposal 4:	The Tx UE of the groupcast shall not use groupcast Option 2 when the number of group members exceeds available PSFCH resources.
Proposal 5:	There is no need to specify Rx UE distance estimation method in RAN1 specification.
Proposal 6:	There is no need to support PSCCH power boosting.
Proposal 7:	PSCCH shall use the same path loss as that of PSSCH for power control.
Proposal 8:	The Tx UE can use the knowledge of Tx power at the SL RSRP measurement window, and L3 filtered SL RSRP to estimate the SL pathloss for SL pathloss based PSSCH/PSCCH power control.
Proposal 9:	SCI signaling shall be used to trigger CSI measurement. The CSI-RS shall be carried within the SCI related PSSCH.
Proposal 10:	The CSI reporting latency bound can be configured with PC5 RRC from Tx UE to Rx UE.
Proposal 11:	The size of the 2nd stage SCI format for HARQ Option 1 and Option 2 would be different, where the Option 1 or 2 indication shall be carried at the 1st stage SCI. 
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