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1	Introduction
Following the Rel-16 WID [1], RAN1 #96bis meeting has reached multiple agreements on V2X sidelink physical layer procedures, on SL HARQ, usage of Tx-Rx geo location information, PSFCH resource allocation, and sidelink CSI-RS.
The working assumption of two options of HARQ for sidelink groupcast is confirmed:
	Agreements:
· Confirm the following working assumption:
· 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
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
Send LS to RAN2 to inform RAN1’s agreement on HARQ feedback for groupcast – draft LS to be prepared in R1-1905790 (Hanbyul, LGE),which is approved with final LS in R1-1905906



There are still quite a lot of FFS on the details of PSFCH to support Option 1 and Option 2 for sidelink groupcast HARQ:
	Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.


A working assumption is agreed to support using Tx-Rx geo distance information in the decision to enable groupcast HARQ feedback:
	Working assumption:
· Regarding the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast
· Support at least the use of TX-RX geographical distance
· FFS whether or not to additionally use L1-RSRP
· Companies are encouraged to perform additional evaulations/analysis




PSFCH resources is a periodical resource with a configurable period of N slot(s):
	Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool



Sidelink CSI-RS is agreed with the constraint that such CSI-RS is only transmitted within the PSSCH transmission.
	Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission



Based on these agreements, this contribution discusses these open issues on sidelink physical layer procedures:
· HARQ for groupcast, including HARQ on/off determination, selection of NACK-only or ACK/NACK feedback, and PSFCH sharing
· CSI-RS procedures and MIMO schemes
· Sidelink power control.
Our proposals are also presented.

	








2	Sidelink HARQ for groupcast
2.1	Enable/disable HARQ feedback
During the V2X SI phase, it has been agreed that sidelink HARQ feedback can be switched on/off, depending on configuration and signalling. To support this feature, at least these questions should be investigated:
· Whether HARQ on/off can be controlled by gNB through configuration, or UE can make its decision to enable/disable HARQ process?
· What is the criterion to enable/disable a HARQ feedback?
· How to signal the HARQ on/off indication?
For sidelink unicast and groupcast, gNB can configure a UE PSSCH transmission with and without HARQ feedback, depending on gNB’s preference or higher layer QoS requirement for the intended PSSCH transmission. Such gNB configuration is sufficient for mode-1 transmission, where gNB can control SL HARQ process. However, for mode-2 transmission, the gNB based configuration of HARQ feedback wouldn’t be sufficient to support various scenarios when gNB fails to detect the rapid variation of sidelink quality. Sidelink UE should be allowed to enable/disable its HARQ feedback when it is allowed by gNB. With these consideration, three configuration states shall be supported to enable/disable HARQ feedback: feedback on, feedback off, and UE-controlled feedback on/off.
Proposal 1: Support three configurable states for UE-specific HARQ feedback: feedback ON, feedback OFF, and UE-controlled feedback ON/OFF.
For the criterion to enable/disable a HARQ feedback in groupcast, a working assumption is agreed in last RAN1 meeting, where “at least the use of TX-RX geographical distance” can be used in determining whether HARQ feedback is enabled. The other criteria, such as L1-RSRP, is FFS.
[bookmark: _GoBack]The utilization of L1-RSRP for feedback on/off determination depends on the quality of RSRP measurement for groupcast. RAN1 has agreed in RAN1 #96bis meeting to design sidelink CSI-RS, which could be used for RSRP measurement together with other RS such as DMRS. The RSRP measurement accuracy can be considered as a design criterion even under high speed scenario. More importantly, RSRP shall measure the radio propagation channel that the PSSCH transmission experiences, including reflection, blocking, interference, and all potential undesirable properties, which are not available with range-based measurement.  When the higher layer does not provide required range, then L1-RSRP could be used as the fallback scheme to determine HARQ feedback ON/OFF..
Proposal 2: Confirm the working assumption that at least TX-RX geographical distance can be used to determine whether HARQ feedback is sent for groupcast. Support to use L1-RSRP as one criterion in determining HARQ feedback ON/OFF.
When a sidelink Tx UE is configured to control its HARQ feedback, the signaling of HARQ feedback ON/OFF shall be carried with one bit field in SCI. This indication shall also be used as the indication of the presence of PSFCH for its intended PSSCH transmission.
Proposal 3: Support one bit field in SCI as an indication for HARQ feedback ON/OFF.

2.2	Selection of NACK-only and ACK/NACK feedback
When the HARQ process is enabled, there are two choices of HARQ feedback for SL groupcast, as agreed in last meeting:
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
In order to support these two options, we need to address these two questions:
· Who’s going to make a decision to select either Option 1 or Option 2 for groupcast feedback?
· What’s the criterion for the determination of choice between Option 1 and Option 2?
At least for mode-1 operation, gNB can make a decision of using either Option 1 or Option 2 for the sidelink groupcast under its control. gNB can determine whether HARQ feedback is enabled for a group and it can also determine which feedback option the groupcast shall use. 
For mode-2 operation, the question is whether the Tx UE in a groupcast can make a choice between Option 1 and Option 2 for its HARQ feedback. As we discussed in the last subsection, a UE can be configured to have its control of feedback switch of ON/OFF, where the UE can use its Tx/Rx geo distance information or L1-RSRP to determine its choice of HARQ feedback. Since the UE can control its HARQ feedback, it is nature to extend the decision of two types of HARQ feedback to the transmit UE. The SL Tx UE can turn its HARQ feedback ON, and it can also select either Option 1 or Option 2 for its groupcast.
Proposal 4: Support gNB configuration of either Option 1 or Option 2 for HARQ feedback at least in mode 1.
Proposal 5: In mode 2, sidelink transmit UE can determine its choice of HARQ feedback Option 1 or Option 2. The selection of NACK-only or ACK/NACK feedback shall be indicated in SCI.
What is the criterion for the determination of HARQ feedback options? In mode 1, gNB can select the feedback option based on various factors, such as number of group members, QoS or priority requirements, and other sidelink scheduling considerations. When UE has its choice of HARQ options in mode 2, number of group members, QoS, and PSFCH resource allocation could be used to determine Option 1 or Option 2. UE’s decision process can be considered as a UE implementation issue, which does not need specification. When the UE is configured to control its HARQ process, it can select either Option 1 or Option 2. 
Proposal 6: The selection of either Option 1 and Option 2 is up to Tx UE’s choice, when the sidelink Tx UE is configured to control its HARQ process.

2.3	Sharing of feedback channel PSFCH
As agreed in RAN1 #96bis, for HARQ Option 1, the PSFCH containing NACK is shared by all group members. For Option 2, each group UE can have its separate PSFCH for its ACK/NACK. Alternatively, PSFCH can be shared by its group member when PSFCH resource allocation is limited by a large number group members.
2.3.1	“pattern based” HARQ feedback
SL Rx UEs after attempting to decode the groupcast PSSCH payload provide their feedback to the transmitting UE. In this scheme this feedback is provided by means of patterns, and the general idea of this solution is illustrated in Figure 1.
[image: ]
[bookmark: _Ref7742436]Figure 1 – Pattern based HARQ feedback mechanism, where only the NACK reporting part of the mechanism is shown. (a) The UEs provide their NACK HARQ feedback by activating two resource elements in the NACK resource vector, by following an individual pattern; (b) the Groupcast Tx checks if each of the devices in the groupcast group has sent a NACK, by checking if the resources defined by each UE individual pattern is active. 
The proposed scheme can be applied to both Option 1 and Option 2. Where for option 1 only the PSFCH NACK is active. While in Option 2 both PSFCH NACK and ACK are active.
In general terms the proposed scheme is as follows:
· Allocate a set of common resources for HARQ feedback, which we denote as the feedback resource pool. The ACK and NACK resources are orthogonal to each other; The number of resources is smaller than in case of dedicated resources for each device.
· Each UE is allocated a unique feedback pattern for both ACK and NACKs (these patterns can be generated via approaches similar to superimposed codes, for example a bloom filter construction);
· The UEs in the groupcast group provide their HARQ feedback, by selecting the appropriate feedback pattern and resource pool; 
· The transmitting UE, identifies which UEs send a ACK or NACK based on their activation pattern of the resources in the common resource pool;
· Whenever the number of active resources (i.e. resources that were used by at least one UE) is above a predefined threshold, the transmitting UE detects that there is a large number of UEs transmitting a given state (e.g. detection of a large number of NACKs).

2.3.2	Probability ACK feedback design for groupcast
Another solution to address the PSFCH allocation issue for Option 2 is to use probability ACK feedback. 
In this design, all group UE shares one PSFCH for NACK and another PSFCH for ACK. These two feedback channels are independent (orthogonal). All group UEs share the ACK channel and the NACK channel accordingly. The key points are:
1. Receiving UE shall feedback ACK/NACK information based on its detection and decoding of PSSCH. The ACK information and NACK information are independent payload in PSFCH. The feedback channel carrying ACK is shared by all UEs in the group; and the feedback channel carrying NACK is shared by all UEs in the group.
1. UE shall feedback ACK with an ACK transmit probability , which can be pre-configurable by network, or can be signalled in SCI.
1. The transmitting UE shall terminate its re-transmission only when it reaches the maximum number of retransmissions, or when it receives a positive ACK and it does not receive any NACK. Otherwise a re-transmission is scheduled.

More detailed discussion and numerical results for groupcast with multiple UEs are shown in our contribution R1-1905340 [4]. The results show that the probability ACK feedback reaches good tradeoff between DTX probability and re-transmission probability. We propose that:
Proposal 7: Support that the PSFCH containing NACK can be shared by all group UEs for Option 2 HARQ feedback.
Proposal 8 :	Support that all or subset of receiver UE can share PSFCH containing ACK in Option 2 HARQ feedback.


3	CSI-RS procedures and MIMO schemes
RAN1 #96bis meeting reached this agreement on sidelink CSI-RS:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission 

The WID indicates that
· 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.
The CSI-RS shall be designed to support 2Tx transmission with CQI/RI reporting. No PMI reporting indicates that close-loop MIMO won’t be supported because there is no precoder feedback.
Based on the agreement and WID, the CSI-RS is “confined” within the PSSCH transmission. There is no standalone CSI-RS, but the CSI-RS is part of PSSCH, together with DMRS and possible PSSCH payload. CSI-RS supports up to two Tx ports.
The CSI-RS “confined” within the PSSCH transmission shall follow this flowchart, as an example of 2-Tx port rank-1 PSSCH, with inclusion of CSI-RS.


Figure 2    CSI-RS "confined" PSSCH
The 2-Tx precoders can be any 2Tx NR precoders, such as
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The CSI-RS resource shall be orthogonal to the DMRS resource. 
The CSI-RS transmission shall be configured by gNB to support UE specific semi-persistent CSI-RS and aperiodic CSI-RS, for both mode 1 and mode 2 operation. When one CSI-RS “confined” PSSCH is transmitting with no available data, there is no need for DMRS and precoding. In this case, only CSI-RS sequence is transmitted in its desired resource within the PSSCH.
Proposal 9: Support sidelink semi-persistent CSI-RS and aperiodic CSI-RS.
Proposal 10: When there is no data for the CSI-RS “confined” PSSCH, only CSI-RS sequence is transmitted within the PSSCH.
With CSI-RS, CQI/RI reporting is possible based on CSI-RS measurement. However, CQI/RI reporting still depends on the choice of PSSCH precoder, which is dependent on the MIMO transmission scheme for 2Tx transmission.
Because there is no PMI report, selection of precoder based on PMI feedback is not possible. On the other hand, different precoder will result in different MIMO gain, which will have different CQI/RI reports. For example, precoder [1, 1] will have different precoding gain for precoder [1, j]. 
A simple solution is to apply precoder cycling. For rank-1 transmission, the PSSCH transmission may “randomly” select its precoder among the 4 given precoders at either per symbol or per slot level.
Proposal 11: Support precoder cycling for the CSI-RS “confined” PSSCH transmission.

4	Sidelink power control
RAN1 ad hoc #1901 meeting reached this agreement on sidelink power control:
	Agreements:
· 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



RAN1 #96 meeting reached these agreements on sidelink power control:
	Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 
Agreements:
· TPC commands for SL PC are not supported




Unicast will support SL open-loop power control. Sidelink RSRP shall be reported to Tx UE for its pathloss estimation.
Given that CSI-RS is defined in sidelink and CSI-RS is within PSSCH, sidelink RSRP report can be based on CSI-RS measurement for open-loop power control. 
Proposal 12: Support CSI-RS measurement for SL RSRP report for open-loop power control, at least for unicast.
Different from broadcast, transmitting at maximum power is usually not required for groupcast because groupcast likely happens locally. Power control is necessary because PC can reduce interference to vehicular UEs outside the group. If there is no power control for groupcast, it will severely degrade system level sidelink performance due to SL interference.
Proposal 13: Support open-loop power control for sidelink groupcast. 
For groupcast in mode 2, the open loop power control becomes tricky as the Tx UE may receive multiple RSRP reports. What is the criterion to determine its desired pathloss estimation? If the pathloss estimation is based on the worst RSRP report, Tx UE may transmit with full power when one of its group UE suffers blockage. If the pathloss estimation is based on other scheme than the worst RSRP report, the UE with the worst channel suffers. It is a dilemma to accommodate various scenarios for groupcast.
Considering that Tx UE has quite some flexibility for its selection of HARQ schemes in groupcast, we shall follow the same principle for groupcast power control. Multiple choices of power control criteria for groupcast, such as worst RSRP, or average RSRP, can be considered for the pathloss estimation.
Proposal 14: Support multiple criteria for pathloss estimation in groupcast power control.
Power control can use of channel reciprocity without explicit feedback; however, they could also benefit from feedback mechanisms. For groupcast, not every receiver needs to feedback RSRP.  The transmitter can advise only the receiver (or a few receivers) with worst channel qualities to feedback RSRP, which will save resources for feedback. 
Proposal 15:	For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback RSRP reports for power control.  

5	Conclusions
Our proposals are summarized here:
Proposal 1: Support three configurable states for UE-specific HARQ feedback: feedback ON, feedback OFF, and UE-controlled feedback ON/OFF.
Proposal 2: Confirm the working assumption that at least TX-RX geographical distance can be used to determine whether HARQ feedback is sent for groupcast. Support to use L1-RSRP as one criterion in determining HARQ feedback ON/OFF.
Proposal 3: Support one bit field in SCI as an indication for HARQ feedback ON/OFF.
Proposal 4: Support gNB configuration of either Option 1 or Option 2 for HARQ feedback at least in mode 1.
Proposal 5: In mode 2, sidelink transmit UE can determine its choice of HARQ feedback Option 1 or Option 2. The selection of NACK-only or ACK/NACK feedback shall be indicated in SCI.
Proposal 6: The selection of either Option 1 and Option 2 is up to Tx UE’s choice, when the sidelink Tx UE is configured to control its HARQ process.
Proposal 7: Support that the PSFCH containing NACK can be shared by all group UEs for Option 2 HARQ feedback.
Proposal 8 :	Support that all or subset of receiver UE can share PSFCH containing ACK in Option 2 HARQ feedback.
Proposal 9: Support sidelink semi-persistent CSI-RS and aperiodic CSI-RS.
Proposal 10: When there is no data for the CSI-RS “confined” PSSCH, only CSI-RS sequence is transmitted within the PSSCH.
Proposal 11: Support precoder cycling for the CSI-RS “confined” PSSCH transmission.
Proposal 12: Support CSI-RS measurement for SL RSRP report for open-loop power control, at least for unicast.
Proposal 13: Support open-loop power control for sidelink groupcast.
Proposal 14: Support multiple criteria for pathloss estimation in groupcast power control.
Proposal 15:	For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback RSRP reports for power control.  
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