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Introduction
The following agreements were made about NR sidelink physical layer procedures for V2X [1], [2], [3], [4].
	RAN1#94 Agreements:
Agreements:
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID 
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information

· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme



	RAN1#94bis Agreements:
Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios.
 
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario



	RAN1#95 Agreements:
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
 
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
 
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use



	RAN1 Ah-Hoc 1901 Agreements:
Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1

Proposals:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2
Supported by: vivo, MTK, Intel, LGE, QC, IDC, E///, HEPTA, Nokia, NSB, CATT, Xiaomi, ITL, SONY, Lenovo, MotM, ATT, Panasonic, Apple, Convida, SS, DCM, NEC
Objected by: HW, HiSi

Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particularly relevant to confirm (or not) the working assumption

· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS

· Check beam management procedure needed for FR2 or not – companies are encouraged to check R1-1900446
· Discuss further offline regarding potential TP based on the measurement results in R1-1900466 – to check later

· (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

· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed

· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast



In this contribution, we discuss some of the remaining open issues related to physical layer procedures that includes sidelink HARQ feedback, sidelink CSI acquisition, sidelink power control, sidelink multi-antenna transmission schemes, and beam management and give some proposals based on analysis.
Discussion on Sidelink HARQ Feedback
At RAN Ad-hoc 1901, we agreed that for determining the resource of PSFCH containing HARQ 
feedback, we support that the time gap between PSSCH and the associated PSFCH is not signaled via 
PSCCH at least for modes-2(a)(c)(d). However, we did not decide if it should be applicable for mode-1 as 
well. We think there should be some commonality between mode-2(a)(b)(c) and mode-1 in regards to 
determining the resource of PSFCH containing HARQ feedback. So, since we agreed to support that the 
time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes-
2(a)(c)(d), the same should be applicable for mode-1.
Proposal 1: For determining the resource of PSFCH containing HARQ feedback, support that the time 
gap between PSSCH and the associated PSFCH is not signaled via PSCCH for mode(a)(b)(c) and 
mode 1. 
There is an open issue concerning groupcast HARQ feedback, in which three options are presented. The 
first option is that the receiver UE transmits only HARQ NACK, which minimizes sidelink HARQ 
feedback reporting/resource overhead. The second option is that the receiver UE transmits HARQ 
ACK/NACK, which is based on the view point that HARQ NACK only feedback would not be beneficial 
for groupcast operation, for the case when a receiver does not even detect the transmission and may not 
fulfill the requirements since its performance is limited by PSCCH detection performance. The third 
option is to support both option 1 and option 2 depending on e.g., operations. Based on our analysis, 
supporting option 3 is a good way forward for groupcast HARQ feedback.  So, we should confirm the 
working assumption and address the applicability of option 1 and 2 to see when its best fit to use each option.
Proposal 2: When HARQ feedback is enabled for groupcast, support:
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
There is another open issue concerning whether/how to support TX-RX distance-based SL HARQ feedback. When looking at this issue we need to take into account that SA2 has already found that in addition to 5GI metrics, minimum communication range is an important metric to be considered in NR V2X scenarios. Furthermore, for certain advanced use cases, UEs in certain range of a transmitter UE are required to receive messages more reliably than UEs which are far away from the transmitter UE. With that being said, we think TX-RX distance based sidelink HARQ feedback should be supported.
Proposal 3: It is supported that in mode-1 for unicast, the in-coverage UE sends an indication to receiver UE to indicate the need for retransmission, in the form of HARQ ACK/NACK.
At RAN Ad-hoc 1901, we agreed that in mode-1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission, in which at least for PUCCH is used to report the information and the gNB can also schedule re-transmission resource. But there is still an open issue as to the transmitter UE and/or receiver UE. We support the notion that in mode-1 for unicast, the in-coverage UE sends an indication to receiver UE to indicate the need for retransmission in the form of HARQ ACK/NACK. We think further study is needed for the consideration of the case when in mode-1 for unicast, where the in-coverage UE would send an indication to transmitter UE.
Proposal 4: It is supported that in mode-1 for unicast, the in-coverage UE sends an indication to receiver UE to indicate the need for retransmission, in the form of HARQ ACK/NACK.

Discussion on CSI acquisition
CSI measurement and reporting are not supported for LTE V2X. However, for NR V2X, CSI should be designed to support unicast/groupcast to improve reliability.  There is an open issue related to CSI as to what kind of information is useful in sidelink operation and how it can be acquired. For long term measurements we think at least RSRP should be considered and RSRQ can be further studied. For multi-antenna transmission schemes, we can consider SRI and CRI since they are used for beamforming/beam management, particularly in FR2 for NR Uu. As in NR, to utilize beam management we would need to introduce some type of beam measurement, such as RSRP as well as CRI/SRI, which is used for multi-antenna transmission schemes.
Proposal 5: Long term measurements RSRP is supported.
Proposal 6: Long-term measurement of sidelink signal is supported for both unicast and groupcast.
Proposal 7: For multi-antenna transmission schemes, SRI and CRI are supported.
Proposal 8: If beam management is supported, RSRP and SRI/CRI should be supported.

Discussion on Sidelink Power Control
At RAN1#94 meeting, it was agreed that open loop and/or closed-loop power control for the SL enhancement for unicast and/or groupcast can be studied. At RAN1 Ah-hoc 1901, we were able to obtain agreement that for unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage). We also agreed that for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE. However, we did not determine whether this is applicable to groupcast as well. Now, some of the benefits for supporting sidelink pathloss open-loop power control includes: limitation of interference injection to non-intended receiver UEs, saving of power consumption which may be important for certain UE types (e.g. pedestrian UE), and reducing the interference among UEs. Open-loop power control based on path-loss can also be beneficial for groupcast because the transmitter UE could adjust the Tx power to a suitable level in order to meet the groupcast transmission requirements among the receiver UEs. So, open-loop power control should also be considered for groupcast transmissions. 
Proposal 9: For groupcast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
For LTE V2X, open loop power control is used, but closed loop power control was not used for broadcast transmissions, where power control parameters are configured by eNB or pre-configured. Now, one of the benefits for supporting sidelink closed-loop power control is to perform the fine tuning of transmission power dynamically considering e.g., sidelink channel quality between transmitter UE and receiver UE. For NR V2X, closed loop power control should be considered for unicast and groupcast transmissions. Can use short term measurements for closed loop power control.
Proposal 10: Closed-loop power control is also supported for sidelink unicast and groupcast.

Discussion on Sidelink Multi-antenna transmission scheme
In Rel-15 LTE V2X, we discussed transmission diversity. Even though an extensive study was done on transmit diversity it was decided not to specify any particular transmission diversity scheme in LTE V2X Rel-15. However, for NR V2X we should determine whether it would be beneficial to introduce transmission diversity schemes, e.g., SFBC to improve reliability. Multi-antenna transmission schemes can be used to increase data rate, improve link quality and reliability. So, for NR V2X, we should support multi-antenna transmission schemes for unicast/groupcast. Some multi-antenna transmission schemes to take into consideration are: transmission diversity and spatial multiplexing.
Proposal 11: For NR V2X sidelink unicast/groupcast we should support multi-antenna transmission schemes.
Proposal 12: For NR V2X sidelink, transmission diversity schemes and spatial multiplexing should also be considered.

Beam Management
When we consider high frequencies (FR2), we know that the radiation pattern forms into a beam-shape as shown in Figure 1, which makes it difficult to cover many UEs in a single transmission, unless those UEs are in close proximity. As with FR2 using high frequencies, it can lead to propagation loss. To help compensate for the losses, beam management can be used. In addition, beam management is a tool for managing the beam to cover multiple UEs scattered in all directions.  

[image: ]
Figure 1: Illustration of a high frequency beam with many antennas
In general terms, beam management during connected state means that the network transmits a specific reference signal for beam management and the UE detects the signal and performs some measurement and sends feedback to the network.  For NR V2X, as with FR2 in NR, beam management can be used to help compensate for the losses due to propagation characteristics. With that being said, some of the same NR beam management principles can be used for NR V2X, i.e., beam sweeping, beam measurement, beam determination, and beam reporting.
Proposal 13: NR V2X sidelink should support beam management at least for FR2. 
Proposal 14: FFS if NR V2X should include support of beam management for FR1.

Conclusion
In this paper, we discussed some of the remaining open issues related to sidelink physical layer procedures and the following proposals are given as following:
Proposal 1: For determining the resource of PSFCH containing HARQ feedback, support that the time 
gap between PSSCH and the associated PSFCH is not signaled via PSCCH for mode(a)(b)(c) and 
mode 1. 
Proposal 2: When HARQ feedback is enabled for groupcast, support:
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
Proposal 3: It is supported that in mode-1 for unicast, the in-coverage UE sends an indication to receiver UE to indicate the need for retransmission, in the form of HARQ ACK/NACK.
Proposal 4: It is supported that in mode-1 for unicast, the in-coverage UE sends an indication to receiver UE to indicate the need for retransmission, in the form of HARQ ACK/NACK.
Proposal 5: Long term measurements RSRP is supported.
Proposal 6: Long-term measurement of sidelink signal is supported for both unicast and groupcast.
Proposal 7: For multi-antenna transmission schemes, SRI and CRI are supported.
Proposal 8: If beam management is supported, RSRP and SRI/CRI should be supported.
Proposal 9: For groupcast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.

Proposal 10: Closed-loop power control is also supported for sidelink unicast and groupcast.
Proposal 11: For NR V2X sidelink unicast/groupcast we should support multi-antenna transmission schemes.
Proposal 12: For NR V2X sidelink, transmission diversity schemes and spatial multiplexing should also be considered.
Proposal 13: NR V2X sidelink should support beam management at least for FR2. 
Proposal 14: FFS if NR V2X should include support of beam management for FR1.
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