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Introduction
In RAN1#98bis meeting and email discussion, the following agreements were achieved[1]. 
	
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.

Agreements:
· For PSFCH power control, 
· It is supported that the open-loop power control is based on the pathloss between PSFCH TX UE and gNB (if PSFCH TX UE is in-coverage):
· The nominal power and alpha for PSFCH power control are configured separately from the parameters used for PSCCH/PSSCH power control.
·  (working assumption) Sidelink pathloss based PSFCH power control is not supported.

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

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

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

Agreements:
· For PSSCH-to-HARQ feedback timing, K is the number of logical slots (i.e. the slots within the resource pool)

Working assumption:
· For TX-RX distance-based HARQ feedback for groupcast Option 1,
· 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.
Agreements:
· For the communication range requirement for TX-RX distance-based HARQ feedback, explicit indication in the 2nd stage SCI is used.
· FFS details

Working assumption:
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.

Working assumption in [98b-NR-19]:
· A single value of K is (pre-)configured in a resource pool. 
· K=3 is supported in addition to K=2.

Agreements in [98b-NR-20]:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.

Agreements in [98b-NR-21]:
· For implicit mechanism for PSFCH resource determination,
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots
· For implicit mechanism for PSFCH resource determination,
· In a resource pool, one or multiple PSFCH candidate resources are determined from the starting sub-channel index and slot index used for the corresponding PSSCH
· Within the determined PSFCH candidate resources, PSFCH resource for actual transmission is selected based on at least the following parameters
· For unicast and groupcast HARQ feedback Option 1,
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· member ID (i.e., the “identifier” agreed in RAN1#97 to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback)
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For a PSFCH format,
· In the symbols that can be used for PSFCH transmissions in a resource pool, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions (i.e., PSFCH transmissions do not happen in other frequency resources).
· This (pre)configuration includes the case where all the frequency resources in a resource pool are available for the actual PSFCH transmission.




In this contribution, we will further discuss the remaining issues for physical layer procedures, and share our views on the remaining issues.
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PSFCH resource configuration

As agreed in RAN1#98bis, there is an implicit indication of PSFCH frequency resource based on the pair of parameters (starting_subCH_index, slot_index) derived from UE and group information. 


Figure 1: PSFCH resource configuration
The PSFCH resource configuration is illustrated in Figure 1. There are two PSFCH resource sets in a resource pool:
· 
PSFCH resource set 1 can multiplex resources of HARQ-ACK feedbacks for unicast, groupcast option 1 and option 2. The size of PSFCH resource set 1(M) is implicitly determined by the configurations of sub-channel number () and PSFCH resource periodicity (N) in a resource pool.

M=*N
· 

PSCH resource set 2 is the resource of HARQ-ACK feedback for groupcast option 2. The size of PSFCH resource set 2(S) is subject to the maximum number of UE () supported within the group in additional to sub-channel number() and PSFCH resource periodicity (N) in a resource pool.

S=M* 




       Where  is the maximum number of UE which can be multiplexed into one RB in CDM manner, the  is determined by the HARQ ACK information bits in sequence-based PSFCH format. In case of one HARQ ACK information bit,  could be 3. It is means that three cyclic offset pairs (0, 6), (2, 8) and (4, 10) can be used for CDM manner. In case of two HARQ ACK information bits,  could be 1, since only cyclic offset (0, 3, 6, 9) can be used. 

In PSFCH resource set 2, the size of PSFCH resource set (S) has a one-to-one relationship to the maximum number of UE () for groupcast HARQ feedback option 2. One is configured, another is also determined.

For groupcast option 2, if the group number is larger than, then both PSFCH resource set 1 and PSFCH resource set 2 will be used for the HARQ feedbacks from the receiving UEs.

Proposal 1: In PSFCH resource configuration, there are two PSFCH sets:
· PSFCH resource set 1 can multiplex resources of HARQ-ACK feedbacks for unicast, groupcast option 1 and option 2.
· PSCH resource set 2 is the resource of HARQ-ACK feedback for groupcast option 2. 

PSFCH resource determination

In email discussion [98b-NR-21] after RAN1#98bis, there is a FFS on whether L1-source ID is additionally used for selection of PSFCH resource for actual transmission. The motivation of introducing L1-source ID is to mitigate sequence collision if starting sub-channel index of different PSSCH transmission are overlapped. However, this mechanism depends on the minimum sequence spacing which can guarantee the sequence detection reliability. Based on NR Uu evaluation of PUCCH format 0, the minimum cyclic spacing shall not less than 2. 
· Case 1: Only one HARQ ACK information bit carried in sequence-based PSFCH format 
In this case, the L1-source ID could be used to mitigate the PSFCH collision of HARQ-ACK feedback for unicast and groupcast feedback option 1. However, for groupcast HARQ feedback option 2, the member ID is used to determine the cyclic offset of PSFCH sequence, there is little benefit for including L1-source ID to mitigate the PSFCH sequence collision.  
· Case 2: Two HARQ ACK information bits carried in sequence-based PSFCH format
In this case, the cyclic offset for the two HARQ information bits is (0, 3, 6, 9). If we further introduce L1-source ID to randomize the PSFCH sequence with cyclic spacing of 2, the detection performance of PSFCH will be deteriorated.
According to the current agreements in email discussion [98b-NR-09], only one HARQ ACK information bit is carried in PSFCH in case that PSFCH resource periodicity (N) is 1 slot. 
Whether introducing of two HARQ ACK information bits is depend on the design of sidelink HARQ ACK multiplexing mechanism in case that PSFCH resource periodicity (N) is 2 or 4 slots. 

Proposal 2: L1-source ID is used to determine the PSFCH sequence of HARQ-ACK feedback for unicast and groupcast option 1 in case of only one HARQ-ACK information bit carried in sequence-based PSFCH format.
Proposal 3: L1-source ID is used to determine the PSFCH sequence of HARQ-ACK feedback for unicast and groupcast option1 in case of two HARQ-ACK information bits (if support) carried in sequence-based PSFCH format.
Proposal 4: L1-source ID is e used to determine the PSFCH sequence of HARQ-ACK feedback for groupcast option 2.

Sidelink ACK/NACK multiplexing

According to RAN4 LS reply[2] on the number of simultaneous PSFCH transmission from a UE, more than one PSFCH simultaneous transmission are limited in some conditions, e.g. PSD imbalance, MPR, AMPR, IBE and etc. More than one PSFCH transmission cannot be always supported. Therefore, from the design perspective, the sidelink HARQ feedback scheme with only one PSFCH transmission shall be specified with higher priority in Rel-16 NR sidelink.

Proposal 5: The sidelink HARQ feedback scheme with only one PSFCH transmission shall be specified with higher priority in Rel-16 NR sidelink.

RAN1 has agreed to support PSFCH resource periodicity with 2 and 4 slots. Therefore, multiple sidelink HARQ- ACKs from different TBs within the feedback window need to multiplex to a PSFCH resource, as illustrated in Figure 2. If the priority rule used in case 1 and case 2 are performed, it will deteriorate the HARQ performance due to the drop of sidelink HARQ ACK feedback. PUCCH format 1b with channel selection in LTE-TDD can be a baseline to multiplex excessive number of SL HARQ feedback bits on a single PSFCH resource. 

Proposal 6: The sidelink ACK/NACK multiplexing shall be supported for PSFCH resource periodicity with 2 and 4 slots.


Figure 2: Sidelink HARQ ACK multiplexing

1.1.1 PSFCH resource periodicity with 2 slots

There are two alternatives of sidelink HARQ-ACK multiplexing for unicast and groupcast option 2. 
· Alt1: One bit sidelink HARQ ACK multiplexing scheme
There are only 5 states if channel selection is used, which is illustrated in Table 1. In this scheme, NACK and DTX are not distinguished in most of ACK/NACK states.
· Alt2: Two bits sidelink HARQ ACK multiplexing scheme
There are 9 states if channel selection is used, which is illustrated in Table 2. In this scheme, NACK and DTX are distinguished in all of the ACK/NACK states.

Table 1: One bit sidelink HARQ ACK multiplexing for unicast and groupcast feedback option 2, N=2
	HARQ-ACK(0), HARQ-ACK(1)
	nPSFCH
	b(0)

	ACK, ACK
	nPSFCH,1
	1

	ACK, NACK/DTX
	nPSFCH,0
	1

	NACK/DTX, ACK
	nPSFCH,1
	0

	NACK, NACK/DTX
	nPSFCH,0
	0

	DTX, NACK/DTX
	No Transmission



Table 2: Two bits sidelink HARQ ACK multiplexing for unicast and groupcast feedback option 2, N=2
	HARQ-ACK(0), HARQ-ACK(1)
	nPSFCH
	b(0)b(1)

	ACK, ACK
	nPSFCH,1
	1, 1

	ACK, NACK
	nPSFCH,0
	1, 0

	NACK, ACK
	nPSFCH,1
	0, 1

	NACK, NACK
	nPSFCH,0
	0, 0

	ACK, DTX
	nPSFCH,0
	1, 1

	DTX, ACK
	nPSFCH,1
	1, 0

	NACK, DTX
	nPSFCH,0
	0, 1

	DTX, NACK
	nPSFCH,1
	0, 0

	NACK/DTX, DTX
	No Transmission



For groupcast HARQ feedback option 1, since the ACK and DTX are not distinguished, there are only 4 states for sidelink HARQ ACK multiplexing. Therefore, one bit ACK/NACK multiplexing scheme is sufficient.
Table 3: One bit sidelink HARQ ACK multiplexing for groupcast feedback option 1, N=2
	HARQ-ACK(0), HARQ-ACK(1)
	nPSFCH
	b(0)

	NACK, NACK
	nPSFCH,1
	1

	NACK, ACK/DTX
	nPSFCH,0
	0

	ACK/DTX, NACK 
	nPSFCH,1
	0

	ACK/DTX, ACK/DTX
	No Transmission



With the consideration of consistent design among unicast, groupcast option 1 and groupcast option 2, one bit HARQ ACK multiplexing scheme is preferred for PSFCH resource periodicity with 2 slots.

Proposal 7: In case of PSFCH resource periodicity with 2 slots, one bit HARQ ACK multiplexing with PSFCH channel selection should be used. Table 1 and Table 3 for HARQ ACK multiplexing can be used for unicast/HARQ feedback option 2 and HARQ feedback option 1, respectively. 

1.1.2 PSFCH resource periodicity with 4 slots

If two bits sidelink HARQ-ACK multiplexing with channel selection is used, there are 16 ACK/NACK states, and then the LTE PUCCH format 1b with channel selection mechanism is reused [3], which implies that NACK and DTX are not distinguished in HARQ feedback for unicast and groupcast option 2. Similarly ACK and DTX are not distinguished in HARQ feedback for groupcast option 1. The multiplexing of sidelink HARQ-ACK feedbacks for unicast/groupcast option 2 and option 1 are illustrated in Table 4 and Table 5, respectively.

Proposal 8: In case of PSFCH resource periodicity with 4 slots, two bits HARQ ACK multiplexing with PSFCH channel selection is used. Table 4 and Table 5 for HARQ ACK multiplexing can be used for unicast/HARQ feedback option 2 and HARQ feedback option 1, respectively. 

Table 4: Sidelink HARQ ACK multiplexing for unicast and groupcast feedback option 2, N=4
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	nPSFCH
	b(0)b(1)

	ACK, ACK, ACK, ACK
	nPSFCH,1
	1, 1

	ACK, ACK, ACK, NACK/DTX
	nPSFCH,2
	1, 1

	ACK, ACK, NACK/DTX, ACK
	nPSFCH,0
	1, 0

	ACK, ACK, NACK/DTX, NACK/DTX
	nPSFCH,1
	1, 0

	ACK, NACK/DTX, ACK, ACK
	nPSFCH,3
	1, 1

	ACK, NACK/DTX, ACK, NACK/DTX
	nPSFCH,2
	1, 0

	ACK, NACK/DTX, NACK/DTX, ACK
	nPSFCH,0
	0, 1

	ACK, NACK/DTX, NACK/DTX, NACK/DTX
	nPSFCH,0
	1, 1

	NACK/DTX, ACK, ACK, ACK
	nPSFCH,1
	0, 0

	NACK/DTX, ACK, ACK, NACK/DTX
	nPSFCH,2
	0, 1

	NACK/DTX, ACK, NACK/DTX, ACK
	nPSFCH,3
	1, 0

	NACK/DTX, ACK, NACK/DTX, NACK/DTX
	nPSFCH,1
	0, 1

	NACK/DTX, NACK/DTX, ACK, ACK
	nPSFCH,3
	0, 1

	NACK/DTX, NACK/DTX, ACK, NACK/DTX
	nPSFCH,2
	0, 0

	NACK/DTX, NACK/DTX, NACK/DTX, ACK
	nPSFCH,3
	0, 0

	NACK, NACK/DTX, NACK/DTX, NACK/DTX
	nPSFCH,0
	0, 0

	DTX, NACK/DTX, NACK/DTX, NACK/DTX
	No Transmission



Table 5: Sidelink HARQ ACK multiplexing for unicast and groupcast feedback option 1, N=4
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	nPSFCH
	b(0)b(1)

	NACK, NACK, NACK, NACK
	nPSFCH,1
	1, 1

	NACK, NACK, NACK, ACK/DTX
	nPSFCH,2
	1, 1

	NACK, NACK, ACK/DTX, NACK
	nPSFCH,0
	1, 0

	NACK, NACK, ACK/DTX, ACK/DTX
	nPSFCH,1
	1, 0

	NACK, ACK/DTX, NACK, NACK
	nPSFCH,3
	1, 1

	NACK, ACK/DTX, NACK, ACK/DTX
	nPSFCH,2
	1, 0

	NACK, ACK/DTX, ACK/DTX, NACK
	nPSFCH,0
	0, 1

	NACK, ACK/DTX, ACK/DTX, ACK/DTX
	nPSFCH,0
	1, 1

	ACK/DTX, NACK, NACK, NACK
	nPSFCH,1
	0, 0

	ACK/DTX, NACK, NACK, ACK/DTX
	nPSFCH,2
	0, 1

	ACK/DTX, NACK, ACK/DTX, NACK
	nPSFCH,3
	1, 0

	ACK/DTX, NACK, ACK/DTX, ACK/DTX
	nPSFCH,1
	0, 1

	ACK/DTX, ACK/DTX, NACK, NACK
	nPSFCH,3
	0, 1

	ACK/DTX, ACK/DTX, NACK, ACK/DTX
	nPSFCH,2
	0, 0

	ACK/DTX, ACK/DTX, ACK/DTX, NACK
	nPSFCH,3
	0, 0

	ACK/DTX, ACK/DTX, ACK/DTX, ACK/DTX
	No Transmission



CSI feedback

From [4], “CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.”
In RAN1#98bis, it has been agreed that higher layer signaling (e.g. MAC CE) is used for CQI/RI reporting. The payload size of CQI/RI shall be discussed in RAN1. 
According to the design principle of NR Uu, two codewords are supported only for transmission with more than 4 layers. Therefore, single codeword will be used for PSSCH transmission. Then the SL-CSI payload size for Rel-16 NR sidelink shall be 5 bits(4(CQI)+1(RI) = 5 bits).

Proposal 9: The SL-CSI payload size for Rel-16 NR sidelink shall be 5 bits(4(CQI)+1(RI) = 5 bits)
Power control for groupcast communication 

For sidelink groupcast communication, if the power control is performed based on the UE with the worst link, the reliability of groupcast communication can be ensured and the system interference is controlled. If the power control is based on L3- filtered SL-RSRP feedback from receiving UEs within the group, it will lead to large signaling overhead, and introduce complicated signaling interaction procedure in RAN2 which requires establishing PC5-RRC connection for each other within the group.
Another issue of power control for groupcast communication is the accuracy of L3-filtered SL-RSRP feedback. Since the SL-RSRP is multiplexed with data in PSSCH transmission, the SL-RSRP feedback may not be timely due to no timely PSSCH transmission from receiving UEs. 
Therefore, it is preferred that no SL-RSRP based power control for sidelink groupcast is supported in Rel-16.

Proposal 10: SL-RSRP based power control for sidelink groupcast communication is not supported in Rel-16.
Conclusions

In this contribution, the design aspects for sidelink physical layer procedure are discussed. Particularly, we have following proposals:
Proposal 1: In PSFCH resource configuration, there are two PSFCH sets:
· PSFCH resource set 1 can multiplex resources of HARQ-ACK feedbacks for unicast, groupcast option 1 and option 2.
· PSCH resource set 2 is the resource of HARQ-ACK feedback for groupcast option 2. 
Proposal 2: L1-source ID is used to determine the PSFCH sequence of HARQ-ACK feedback for unicast and groupcast option 1 in case of only one HARQ-ACK information bit carried in sequence-based PSFCH format.
Proposal 3: L1-source ID is used to determine the PSFCH sequence of HARQ-ACK feedback for unicast and groupcast option1 in case of two HARQ-ACK information bits (if support) carried in sequence-based PSFCH format.
Proposal 4: L1-source ID is e used to determine the PSFCH sequence of HARQ-ACK feedback for groupcast option 2.
Proposal 5: The sidelink HARQ feedback scheme with only one PSFCH transmission shall be specified with higher priority in Rel-16 NR sidelink.
Proposal 6: The sidelink ACK/NACK multiplexing shall be supported for PSFCH resource periodicity with 2 and 4 slots.
Proposal 7: In case of PSFCH resource periodicity with 2 slots, one bit HARQ ACK multiplexing with PSFCH channel selection should be used. Table 1 and Table 3 for HARQ ACK multiplexing can be used for unicast/HARQ feedback option 2 and HARQ feedback option 1, respectively. 
Proposal 8: In case of PSFCH resource periodicity with 4 slots, two bits HARQ ACK multiplexing with PSFCH channel selection is used. Table 4 and Table 5 for HARQ ACK multiplexing can be used for unicast/HARQ feedback option 2 and HARQ feedback option 1, respectively. 
Proposal 9: The SL-CSI payload size for Rel-16 NR sidelink shall be 5 bits(4(CQI)+1(RI) = 5 bits)
Proposal 10: SL-RSRP based power control for sidelink groupcast communication is not supported in Rel-16.
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