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Introduction
In this contribution, the remaining issues on physical layer procedures for NR V2X are further discussed, which are categorized as following:
· On siddelink HARQ operation, including the following issues:
· How to indicate groupcast HARQ feedback option 1 and option 2 in SCI
· Details on Tx-Rx distance based HARQ feedback
· Details on the PSFCH resource determination
· On sidelink CSI feedback, including the issues on CSI-only feedback
On sidelink HARQ operation
In RAN1#98bis meeting, the following working assumption is archived[1]:
	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.


Since this explicit indication can improve the flexibility of sidelink HARQ operation, we propose to confirm this working assumption. Furthermore, this indicator shall be carried in 1st-stage SCI. 
Proposal 1: Confirm the 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.

Proposal 2: The indication of sidelink HARQ feedback enable/disable is carried in 1st-stage SCI.
How to indicate groupcast HARQ feedback option 1 and option 2 in SCI
In RAN1#99 meeting, the following agreement is achieved[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.


The applicability of groupcast HARQ feedback option 1 and option 2 are provided as following:
· Option 1-1: For connection-less groupcast, Tx UE doesn’t know the exact information of Rx UEs, and Tx-Rx distance based groupcast HARQ feedback option 1 is used in this scenario. In this option, the Tx UE location and communication range information shall be indicated in SCI.
· Option 1-2: For connection-oriented groupcast, Tx UE knows the information of all Rx UEs in the groupcast. Groupcast HARQ feedback option 1 is used due to larger number of Rx UEs, or groupcast HARQ feedback option 1 is sufficient to meet the reliable requirement. In this option, the Tx UE location and communication range information are not needed.
· Option 2:  Connection-oriented groupcast, Tx UE known the information of all Rx UEs in the groupcast. Groupcast HARQ feedback option 2 is used for this scenario. In this option, the Tx UE location and communication range information are also not needed.
Base on the analysis of applicability for option 1 and option 2, it is not sufficient to differentiate groupcast HARQ feedback option 1 and option 2 alone. All of the above three options need to be differentiated by SCI. 
The details information bits of the above three options are illustrated in Table 1. In this table, only the necessary information fields for each option are provided. It can be observed that groupcast feedback option 1(option 1-2) and groupcast feedback option 2(option 2) have same information fields and payload size. Comparing option 1-2 and option 2, the groupcast feedback option 1(option 1-1) has additional [16] bits (zone ID and communication range) to support Tx-Rx distance based groupcast HARQ feedback option 1. 
In order to differentiate between option 1-2 and option 2, an additional indicator in 2nd-stage SCI is needed. 
In order to differentiate between option 1-1 and option 1-2/option 2, different 2nd-stage SCI formats are needed to improve resource efficiency. The 2nd-stage SCI format indication is carried in 1st –stage SCI.
Table 1: Necessary 2nd stage SCI information fields for each HARQ feedback option
	
	Option 1-1 (groupcast feedback option 1 with Tx-Rx distance)
	Option 1-2 (groupcast feedback option 1 without Tx-Rx distance)
	Option 2 (groupcast feedback option 2)

	HARQ process ID
	[4]
	[4]
	[4]

	NDI
	1
	1
	1

	RV
	2
	2
	2

	Source ID
	8
	8
	8

	Destination ID
	16
	16
	16

	CSI request
	1
	1
	1

	Zone ID
	[12]
	0
	0

	Communication range
	4
	0
	0

	Total overhead
	[48]
	[32]
	[32]



Proposal 3: 
· Three groupcast feedback options shall be differentiated by SCI indication:
· Option 1-1: Groupcast feedback option 1 with Tx-Rx distance
· Option 1-2: Groupcast feedback option 1 without Tx-Rx distance
· Option 2 : Groupcast feedback option 2
· Different 2nd-stage SCI formats are used between option 1-1 and option 1-2/option 2.
· 1st –stage SCI indicates which 2nd-stage SCI format is used.
· An additional indicator in 2nd-stage SCI is used to differentiate between option 1-2 and option 2.
Details on Tx-Rx distance based HARQ feedback
In Tx-Rx distance HARQ feedback design, one aspect is on how to calculate the Tx-Rx distance in Tx-Rx distance based HARQ feedback. It was agreed in RAN1 that the Tx UE’s location is indicated by zone ID in SCI. It would be simplified to quantize both Tx UE location and Rx UE location into zone granularity, and the distance between Tx UE and Rx UE can be easily obtained by the distance between the center of Tx and Rx zone. 
Proposal 4: Both Tx UE location and Rx UE location are quantized into zone granularity, and the distance between Tx UE and Rx UE can be easily obtained by the distance between the center of Tx and Rx zones.
In RAN1#98 meeting, the following agreement is achieved[3]:
	Agreements:
· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.



When the location information is not available at TX and/or RX UE side, the Tx-Rx distance based HARQ feedback can not work. 
When the location information is not available at Tx UE side, it would be better for Tx UE to fallback to blind retransmission. 
When the location information is not available at Rx UE side, if a Rx UE successfully decodes an SCI which indicate the corresponding PSSCH needs HARQ feedback based on the communication range. One possible alternative for the Rx UE is always not performing HARQ feedback in this situation, however it is not preferable since it may reduce the reliability, especially for some emergency V2X traffic. Another alternative is that the Rx UE is always performing HARQ feedback in this situation, it can improve the reliability of V2X traffic with the cost of potential unnecessary re-transmission resource. 
Proposal 5: 
· In Tx-Rx distance based HARQ feedback,
· When location information of Tx UE is not available, Tx UE shall fallback to blind retransmission.
· When location information of Rx UE is not available, Rx UE is always performing HARQ feedback if Rx UE successfully decodes the corresponding SCI. 
Details on PSFCH resource determination
In RAN1#99 meeting, the following agreements are archived for PSFCH resource determination [2]:
	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.

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 remaining details on PSFCH resource determination is to down-select the following two options for PSFCH candidate resource set determination:
· Option 1: The PSFCH candidate resource set is associated with the starting sub-channel and slot used for that PSSCH.
· Option 2: The PSFCH candidate resource set is associated with the sub-channel(s) and slot used for that PSSCH
Both options can provide similar performance on PSFCH collision avoidance. The difference between the two options is the PSFCH overhead reduction. 
In option 1, the associated PSFCH candidate resource set (Z PRBs) for any PSSCH transmission will be the same regardless the number of sub-channels used for the PSSCH transmission. In this option, the PSFCH capacity of groupcast HARQ feedback option 2 is Y*Z= Y* NF /(S*N). If more PSFCH capacity of groupcast HARQ feedback option 2 is required, the only way is to increase the configured PSFCH PRBs(NF).
In option 2, the associated PSFCH candidate resource set (Z PRBs) for a given PSSCH transmission will depend on the number of sub-channels used for the PSSCH transmission. Different PSSCH transmission with different number of sub-channels will have different size of PSFCH candidate resource set. In this option, the PSFCH capacity of groupcast HARQ feedback option 2 is Y*Z= Y*NPSCCH * NF /(S*N), where NPSCCH is the number of sub-channels used for the associated PSSCH transmission. 
Based on the analysis of two options, option 2 is a better alternative due to better efficiency on PSFCH resource utilization. 

Proposal 6: The PSFCH candidate resource set(Z PRBs) is associated with the sub-channel(s) and slot used for that PSSCH.
Proposal 7: Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB, and X is number of UEs within the group).
On sidelink CSI feedback
In RAN2#108 meeting, the sidelink CSI Reporting MAC CE is defined as follows [4]:
· RI: This field indicates the derived value of the Rand indicator for sidelink CSI reporting, 1bit;
· CQI: This field indicates the derived value of the Channel Quality Indicator for sidelink CSI reporting, 4bits;
· R: Reserved bit, 3bits;
[bookmark: _GoBack][bookmark: OLE_LINK18][bookmark: OLE_LINK19]RAN1 has agreed that sub-channel is the minimum resource granularity of PSSCH resource allocation. If CSI-only information is transmitted by PSSCH, one sub-channel shall be used for this transmission. However, the payload size is so small that only the low-spectral efficiency 64QAM MCS table can be used for the TBS determination. Otherwise, the size of padding will be too much. This is not only waste of resources, but also no performance gain. Thus, it preferable to introduce an indicator in SCI used for indicating whether the current PSSCH transmission is CSI-only transmission or not.
Proposal 8: An indicator in SCI shall be used for indicating whether the current PSSCH transmission is CSI-only transmission or not.
Conclusions
In this contribution, the remaining issues for sidelink physical layer procedure are discussed. Particularly, we have following proposals:
Proposal 1: Confirm the 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.

Proposal 2: The indication of sidelink HARQ feedback enable/disable is carried in 1st-stage SCI.
Proposal 3: 
· Three groupcast feedback options shall be differentiated by SCI indication:
· Option 1-1: Groupcast feedback option 1 with Tx-Rx distance
· Option 1-2: Groupcast feedback option 1 without Tx-Rx distance
· Option 2 : Groupcast feedback option 2
· Different 2nd-stage SCI formats are used between option 1-1 and option 1-2/option 2.
· 1st –stage SCI indicates which 2nd-stage SCI format is used.
· An additional indicator in 2nd-stage SCI is used to differentiate between option 1-2 and option 2.
Proposal 4: Both Tx UE location and Rx UE location are quantized into zone granularity, and the distance between Tx UE and Rx UE can be easily obtained by the distance between the center of Tx and Rx zones.
Proposal 5: 
· In Tx-Rx distance based HARQ feedback,
· When location information of Tx UE is not available, Tx UE shall fallback to blind retransmission.
· When location information of Rx UE is not available, Rx UE is always performing HARQ feedback if Rx UE successfully decodes the corresponding SCI. 

Proposal 6: The PSFCH candidate resource set(Z PRBs) is associated the sub-channel(s) and slot used for that PSSCH.
Proposal 7: Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB, and X is number of UEs within the group).
Proposal 8: An indicator in SCI shall be used for indicating whether the current PSSCH transmission is CSI-only transmission or not.
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