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1. Introduction
[bookmark: _GoBack]At RAN plenary #83 meeting, NR V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’ [1]. According to the WID, in this contribution, we share our views on SL physical layer procedure for NR-V2X including HARQ and CSI acquisition.

2. Discussions
2.1. HARQ operation
· HARQ process number and new data indicator
In NR V2X, HARQ operation will be supported on unicast/groupcast. Then, HARQ process number (HPN) and new data indicator (NDI) need to be discussed. In NR Rel-15, HARQ process is applied for each HPN independently and NDI indicates whether the transmission conveys new TB from the previous transmission or not, for each HPN. The same feature should be introduced to NR-V2X. To introduce HPN/NDI, an issue is whether HPN/NDI are separated among TX-UEs and among RX-UEs or not. Because, there are many UEs in NR-V2X, i.e. lots of links, which is different from NR-Uu.
Simple solution is, both HPN and NDI are separately managed among TX-UEs and among RX-UEs. In this solution, TX-UEs and RX-UEs are completely distinguished, that is, HPN/NDI are managed per link.For example, in Fig. 1 (a), UE#A transmits a PSSCH to UE#B with HPN#0, and then UE#A transmits another PSSCH to UE#C with HPN#0. After that, if UE#A would transmit another PSSCH to UE#B with HPN#0, the toggling of NDI can be applied from the previous transmission of UE#A to UE#B, since HPN/NDI is managed per link; In Fig. 1 (b), UE#A transmits a PSSCH to UE#B with HPN#0, and then UE#C transmits another PSSCH to UE#B with HPN#0. After that, if UE#A would retransmit the first PSSCH to UE#B with HPN#0, UE#B is keeping the soft bits of the initial transmission and can combine the first one and the second one. It seems that system can work well via such simple solution. However, in NR-V2X, it is assumed that there are many links. Even if the number of HARQ processes for each link is less than NR-Uu, the total number of HARQ processes will be quite large, thereby each UE needs to equip with large soft buffer. In terms of UE complexity and cost, it is not desirable.
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(a) First example
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(b) Second example
Fig. 1: Examples of separate HPN/NDI management among TX-UEs and among RX-UEs
 (Blue: PSCCH, Red: PSSCH, Green: PSFCH)

Sharing HPN and NDI among TX-UEs and/or RX-UEs is considered as another alternative, but further discussion is necessary to avoid misunderstanding of NDI and to keep a reasonable HARQ operation gain. For example, when HPN and NDI are jointly managed among RX-UEs, RX-UE may misunderstand NDI. Fig. 2 shows an example in this case. UE#A transmits a PSSCH to UE#B with HPN#0, and then UE#A transmits another PSSCH to UE#C with HPN#0. After that, if UE#A would transmit another PSSCH to UE#B with HPN#0, the toggling of NDI will be applied from the transmission of UE#A to UE#C. However, UE#B may not know the toggling and misunderstand the new data transmission as retransmission of the previous PSSCH. One possible option is, NDI is separately managed among TX-UEs and among RX-UEs, but HPN is separately managed among TX-UEs and jointly managed among RX-UEs as described in Fig. 3. In this option, soft-buffer size can be reduced since the total number of HARQ processes are reduced (which is beneficial in consideration of groupcast), and meanwhile the issue shown in Fig. 2 can be avoided.
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Fig. 2: Example of joint HPN/NDI management among TX-UEs and among RX-UEs
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Fig. 3: Example of possible solution for HPN/NDI management
Observation 1:
· HPN/NDI per links is not desirable in terms of UE complexity/cost while system can work well.
Proposal 1:
· Discuss HPN/NDI in consideration of both HARQ operation gain and UE complexity/cost.

2.2. HARQ feedback
· PSFCH resource determination
In TR38.885 [2], it is supported that at least a PSFCH format is defined and the PSFCH is located at the last symbol(s) available for SL in a slot. Moreover, HARQ feedback timing is (pre-)configured.
	[bookmark: _Toc3237542]5.1.1.4	Resource arrangements
[…]
PSFCH (see section 5.1.2.2) supports at least a format which uses the last symbol(s) available for SL in a slot.
[…]
[bookmark: _Toc3237549]5.1.2.2.3	HARQ procedure details for Mode 2 resource allocation
The time between PSSCH and sending HARQ feedback on PSFCH is (pre-)configured.


Then, the details of frequency domain resource of PSFCH need to be discussed. The two issues and corresponding options can be listed as follows:
Issue A) how to determine frequency resource of PSFCH conveying HARQ-ACK.
· Option A-1: (Pre-)configuration of association with corresponding PSCCH and/or PSSCH resource.
· Option A-2: Indication via DCI/SCI.
Issue B) which frequency-domain resource is available for PSFCH conveying HARQ-ACK.
· Option B-1: The same sub-channel as corresponding PSCCH/PSSCH.
· Option B-2: A specific sub-channel in the PSSCH resource pool.
Regarding Issue A, Option A-1 is preferable at least for unicast transmission with non-CBG-based HARQ feedback (it is noted that CBG-based HARQ feedback is not recommended in Rel-16 NR V2X, which will be discussed in the following related part). In Option A-2, TX-UE indicates frequency-domain resource of PSFCH to RX-UE. If Option A-2 is adopted, and when UEs operate in resource allocation mode 2 and select PSFCH resource(s) autonomously, multiple UEs would select the same PSFCH resource; therefore, resource collision among UEs increases. Option A-1 can avoid the resource collision which is not achieved in Option A-2. Furthermore, the same mechanism between resource allocation mode 1 and mode 2 is preferable, that is, Option A-1 should be adopted for both resource allocation modes. The motivation of Option A-2 seems flexibility of resource determination, but it is unclear whether benefit can be provided.
Also note that resource determination for groupcast PSSCH transmission needs to be discussed further. If Option A-1 is applied, and when ACK/NACK would be reported, how to select different PSFCH resource among RX-UEs is the remaining issue since the groupcast PSSCH would be associated with a PSFCH resource.  Code-domain resource may be a possible solution to solve this issue, i.e. different UE in a group uses different code-domain resource to avoid resource collision. It is noted that, if Option A-2 is applied, and when ACK/NACK would be reported, how to indicate different PSFCH resource among RX-UEs is the remaining issue since the scheduling SCI will indicate a PSFCH resource.
Regarding Issue B, we believe Option B-2 is better solution than Option B-1, since resource utilization efficiency is better in Option B-1. Fig. 4 describes both Option B-1 and Option B-2. In Option B-1, the last symbol(s) of a slot will be used for PSFCH only. The remaining resources can be used for other channel transmission(s) such as PSSCH; for example, (i) a part of PSSCH is located at smaller PRBs than the other part as illustrated in Fig. 4(a), (ii) another PSSCH (and PSCCH) can be mapped on the last symbol(s) as illustrated in Fig. 4(a), but spec. becomes more complicated. Thus, the resources are not feasible to be used for any transmissions other than PSFCH. In Option B-2, the last symbol(s) of each slot can be used for longer PSSCH, except for the specific sub-channel(s) where PSFCHs are mapped. The longer PSSCH can be scheduled as a usual PSSCH, so an additional feature like (i)/(ii) in Option B-2 is unnecessary. It is noted that, although PSSCH and PSFCH can be overlapped in time domain, half duplex issue can be avoided by resource selection mechanism. That is, a UE which would transmit PSSCH in a slot knows whether any other UE would transmit PSFCH on the slot or not based on sensing and resource selection procedure (referred in our company’s contributions [3], [4]). 
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(a) Option B-1
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(b) Option B-2
Fig. 4: Illustrations of solutions for issue B
Proposal 2:
· Frequency-domain resource of PSFCH conveying HARQ-ACK is associated with corresponding PSCCH and/or PSSCH resource by (pre-)configuration.
· PSFCH resource (pool) is (pre-)configured on specific sub-channel(s) in the PSSCH resource pool.

· Enabling/Disabling HARQ feedback
At the RAN1 #95 [5] and #AH1901 [6] meetings, it was agreed that SL HARQ feedback can be turned off and ‘on/off’ status of HARQ feedback is set by (pre-)configuration.
	RAN1#95
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
RAN1#AH1901
Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback


The motivations of this feature are as following, 1) HARQ based retransmission makes system performance worse in high channel congestion condition and 2) HARQ retransmission is not necessary for traffic with low reliability requirement. To our best understanding, to achieve the above motivations, TB retransmission controlled by TX-UE based on channel congestion level or packet QoS requirement is enough. That is, it is not necessary to control a RX-UE behaviour to disable/enable HARQ feedback signalling transmission. Therefore, it is not suggested to disable HARQ feedback when PSFCH resources are configured in a transmission resource pool. But, there would be a case that PSFCH resource is not configured for some resource pool, and those resource pool can be used for service with low QoS requirement. Based on the above discussion, it is proposed that enable/disable HARQ feedback for unicast/groupcast transmission is resource pool specific.
Proposal 3:
· Enable/disable HARQ feedback is resource pool-specific. 

· TX-RX distance based HARQ feedback for groupcast
During Rel-16 NR V2X SI phase, it was discussed that once HARQ feedback is enabled via (pre)configuration, FFS whether HARQ feedback is always used or not. At least for groupcast transmission, whether to send HARQ feedback can further base on TX-RX distance and/or RSRP as in TR38.885 [2].
	[bookmark: _Toc3237547]5.1.2.2.1	General HARQ procedure
[…]
When SL HARQ feedback is enabled for groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback. […]


To support this feature, we believe that range requirement needs to be indicated per PSSCH, since the packet range requirement is not known to RX-UE(s). Regarding how to indicate it, range requirements can be indexed and an index is indicated via the SCI associating with PSSCH transmission. 
Besides range requirement indication, the distance measurement between TX-UE and RX-UE should be considered. Regarding the measurement, at least some location information needs to be shared between TX-UE and RX-UE, and at least following two approaches can be considered: 1) explicit TX UE location (or some zone ID if supported) is indicated in SCI, 2) assuming that UE IDs and UE locations are always shared between proximity-UEs, e.g., via BSM broadcast, then source ID in SCI can be reused for the purpose of TX UE location indication.
Proposal 4:
· Range requirement of PSSCH is indicated via corresponding SCI when HARQ feedback is enabled for groupcast.
· Range requirement is indexed and one index is indicated.
· Following approaches can be considered for TX UE location indication.
· Explicit TX UE location (or some zone ID if supported) can be indicated in SCI.
· Source ID in SCI can be reused for TX UE location indication.

· HARQ feedback content(s)
HARQ-ACK bit will be conveyed on PSFCH based on TR38.885. Furthermore, UE ID should also be transmitted on a PSFCH to solve HARQ-ACK misunderstanding issue. This issue is shown in Fig. 5 Assuming that UE 2 feedbacks NACK to UE 1, while UE 3 (proximity UE of UE 2) feedbacks ACK to UE 4. If UE 2 and UE 3 accidently use identical resource for each HARQ feedback, UE 1 may misunderstand NACK as ACK as shown in Fig. 5(ii). PSSCH resource selection will be based on received RSRP; hence proximity UEs can avoid to use the same resource. However, PSFCH resource will be determined regardless of proximity UE’s transmit resource. In this case, such resource collision and the HARQ-ACK misunderstanding issue occur. In order to resolve the misunderstanding, PSFCH can convey some ID information, e.g., TX and/or RX UE ID can be conveyed on PSFCH. Note that PUCCH format 0 in NR Rel-15 will be reused for PSFCH (discussed in our companion contribution [3]). PUCCH format 0 is sequence-based format with a few code-domain resources; hence TX and/or RX UE ID can be differentiated by the code-domain resource, i.e. the sequence is generated based on TX and/or RX UE ID.
[image: ]
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Fig. 5: SL HARQ-ACK misunderstanding
Observation 2:
· HARQ-ACK misunderstanding issue will occur.
· A UE receives HARQ-ACK from both expected UE and unexpected UE on the same PSFCH resource, where NACK-to-ACK error will occur.
Proposal 5:
· UE ID is conveyed on PSFCH with HARQ-ACK.
· e.g. PSFCH sequence is generated based on TX and/or RX UE ID.

· CBG-based HARQ feedback
In NR Rel-15, CBG-based HARQ feedback is supported for better resource utilization efficiency because if some CBG decoding is successful, the CBG is not retransmitted even if the TB is not decoded correctly. However, CBG-based operation requires multiple HARQ-ACK bits for a TB, which makes spec. more complexity; for example, PSFCH format aspect, HARQ-ACK bits multiplexing aspect, and TB-base/CBG-base switching aspect. Furthermore, CBG-based operation is not mandatory feature but optimization, considering large scope in Rel-16 NR-V2X, it is desirable to drop this feature in Rel-16 NR V2X. Therefore, we provide the following proposal.
Proposal 6:
· CBG-based HARQ feedback is not supported at least in Rel-16 NR-SL.

2.3. CSI acquisition
· CSI report type and how to trigger
In NR V2X, CSI feedback is supported and performed via PSSCH instead of PSFCH as captured in WID [1].
	4	Objective
[…]
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· 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 sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
[…]


An issue for CSI acquisition is which CSI report type is supported on NR-SL. In NR Rel-15, aperiodic/semi-persistent/periodic CSI reports are supported. We believe that at least aperiodic CSI report should be supported. Semi-persistent and periodic CSI reports seem to need ‘standalone’ RS transmission/reception for CSI measurement, which is precluded in NR-V2X SI.
Then, another issue for CSI acquisition is how to trigger CSI report. In NR Rel-15, A-CSI report settings are configured by higher layer parameter and an A-CSI report setting is triggered by CSI request field in DCI format 0_1. The similar mechanism can be assumed, so CSI reporting settings for NR-SL are (pre-)configured and CSI request field is included in a SCI format, which triggers A-CSI report on NR-SL. For resource allocation mode 1, multiple potential reporting channel are assumed as discussed in our companion contribution [7]; hence, which reporting channel (PSSCH or PUSCH) is used can be included in the (pre-)configuration as well. Note that the CSI reporting settings for NR-SL should be different from CSI reporting settings for NR-Uu.
Proposal 7:
· At least aperiodic CSI report is supported on NR-SL.
· For A-CSI reporting of NR-SL, support the same triggering mechanism as that in NR-Uu.

3. Conclusion
In this contribution, we discussed SL physical layer procedure for NR V2X. Proposals are summarized as following: 
Observation 1:
· HPN/NDI per links is not desirable in terms of UE complexity/cost while system can work well.
Observation 2:
· HARQ-ACK misunderstanding issue will occur.
· A UE receives HARQ-ACK from both expected UE and unexpected UE on the same PSFCH resource, where NACK-to-ACK error will occur.
Proposal 1:
· Discuss HPN/NDI in consideration of both HARQ operation gain and UE complexity/cost.
Proposal 2:
· Frequency-domain resource of PSFCH conveying HARQ-ACK is associated with corresponding PSCCH and/or PSSCH resource by (pre-)configuration.
· PSFCH resource (pool) is (pre-)configured on specific sub-channel(s) in the PSSCH resource pool.
Proposal 3:
· Enable/disable HARQ feedback is resource pool-specific. 
Proposal 4:
· Range requirement of PSSCH is indicated via corresponding SCI when HARQ feedback is enabled for groupcast.
· Range requirement is indexed and one index is indicated.
· Following approaches can be considered for TX UE location indication.
· Explicit TX UE location (or some zone ID if supported) can be indicated in SCI.
· Source ID in SCI can be reused for TX UE location indication.
Proposal 5:
· UE ID is conveyed on PSFCH with HARQ-ACK.
· e.g. PSFCH sequence is generated based on TX and/or RX UE ID.
Proposal 6:
· CBG-based HARQ feedback is not supported at least in Rel-16 NR-SL.
Proposal 7:
· At least aperiodic CSI report is supported on NR-SL.
· For A-CSI reporting of NR-SL, support the same triggering mechanism as that in NR-Uu.
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