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1	Introduction
[bookmark: _GoBack]This contribution is addressing open issues of V2X sidelink physical layer procedures after RAN1 #98bis meeting and related email discussions. These topics are covered in this contribution:
· Sidelink PSFCH design and HARQ operation
· SL CSI-RS procedures
· Sidelink power control

2	Sidelink PSFCH design and HARQ operation
2.1	HARQ timing
The HARQ/PSFCH timing of a given PSSCH transmission is determined with a gap parameter K, which was defined in an agreement in RAN1 #97 [2], as:
	Agreements:

· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K




The slot gap parameter K can be considered as the minimum slot difference between data transmission PSSCH and its related HARQ feedback within a PSFCH. RAN1 #98bis meeting determined that the gap parameter K is a number of logical slots:
	Agreements:

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




The gap parameter K is agreed to be K=2. Other than K=2, a working assumption is agreed after email discussion [98b-NR-19], indicating that:
	Working assumption: 
· A single value of K is (pre-)configured in a resource pool.
·  K=3 is supported in addition to K=2.



This indicates that K shall be configured together with a resource pool, where K=2 or K=3 is supported. We propose to make K=2 as the default value for a resource pool when there is no configuration information of K.
Proposal 1:		When there is no configuration information of K in a resource pool, the default PSSCH-to-PSFCH gap parameter is K=2.

2.2	PSFCH 
After email discussion [98b-NR-21], these three proposals for PSFCH resource determination are agreed:
	[98b-NR-21]:
Proposal 1:
· 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
Proposal 2:
· 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
Proposal 4:
· 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.




The above proposals are mostly on general criteria of implicit resource mapping. The relevant details haven’t been considered and discussed enough to decide a suitable mechanism of PSFCH resource determination to ensure reliable transmissions of HARQ feedbacks. 
For the details of PSFCH resource, in frequency domain, the PSFCH resource shall be assigned in units of PRBs. The number of PRBs and their locations should be pre-configured within the sidelink resource pool.
Proposal 2:		Within a SL resource pool, the PSFCH resource shall be (pre-)configured with n symbols (excluding AGC symbol) and a number of PRBs, where n=1 or 2, and the number of PRBs are configurable parameters.
To facilitate resource mapping between sub-channels and PSFCHs, PSFCH resources in a PSFCH slot can be first indexed orderly. Then to link with PSFCH resources, correspondingly, all the sub-channels over a PSFCH period are also indexed orderly. The sub-channel indexing can be performed either first in frequency or first in time. 
The resource mapping using frequency-first sub-channel indexing (i.e. first in frequency and then in time) is shown in Figure 1. NR V2X is required to support data traffic with substantially different packet sizes. With a sub-channel as the minimum granularity, a PSSCH may occupy multiple sub-channels. For this case, one straightforward choice is using the PSFCH resource associated with staring sub-channel for HARQ feedback. 
With this resource mapping mechanism, PSFCH resources associated with a PSSCH are scattered in frequency, which can’t provide good protection to a HARQ feedback transmission even there are a number of PSFCH resources (corresponding to a PSSCH occupying multiple sub-channels) a receiver UE can use. For spectral efficiency, better protection is more desired for HARQ feedback of a large packet. And it may cause strong IBI (in-band emission interference) between adjacent HARQ feedbacks to different transmitter UEs. For example, in the following figure, NACK feedback transmissions at PSFCH resource 13 (groupcast feedback option 1) cause substantial IBI to PSFCH resource 14 (unicast of a large packet occupying multiple sub-channels). 

       
                   Figure 1. PSFCH resource mapping using frequency-first sub-channel indexing 
The resource mapping using time-first sub-channel indexing (i.e. first in time and then in frequency) is shown in Figure 2. PSFCH resources corresponding to continuous subchannels in a slot are physically continuous in frequency. For a PSSCH occupying multiple subchannels, receiver UEs can use the PSFCH resource in the middle of candidate PSFCH resource set (all PSFCH resources associated with the subchannels of the PSSCH) for HARQ feedback.
This resource mapping procedure naturally introduces guard bands around HARQ feedback transmissions. This provides protection to HARQ feedback corresponding to a PSSCH occupying multiple subchannels. And it reduces mutual IBI between HARQ feedbacks.

   
            Figure 2. PSFCH resource mapping using time-first sub-channel indexing 
Proposal 3:     For detailed PSFCH resource determination, consider time-first sub-channel indexing (i.e. sub-channel indexing performed first in time and then in frequency). 
Proposal 4:     For a PSSCH occupying multiple subchannels, consider receiver UEs using the PSFCH resource in the middle of candidate PSFCH resource set (PSFCH resources associated with the subchannels) for HARQ feedback.
In this way, guard bands are introduced around HARQ feedback transmissions, reducing mutual IBI.
Within the PSFCH resource, one PSFCH channel shall be defined as the feedback channel from one SL UE. If single symbol is configured for PSFCH, FDM allocation of various PSFCH channels shall be used. If more than 1 PSFCH symbol is configured, CDM can also be supported so that a PSFCH channel can be spread over multiple symbols. This approach would provide enough PSFCH channels for a large number of SL UE feedback.
Proposal 5:		FDM/CDM of PSFCH channels within the allocated PSFCH resource region can be used for all SL UEs in a resource pool.
For groupcast, there are two options (NACK only, and ACK/NACK) to support HARQ feedback. The allocation of PSFCH channels and PSFCH payload could be different for the two groupcast options. For option 1, all Rx UEs within the group shall share one PSFCH for its NACK feedback.
Proposal 6:		For groupcast with HARQ option 1 (NACK only) feedback, SL Rx UEs in the group shall share one PSFCH channel.
For HARQ Option 2, we have
Proposal 7:		For groupcast with HARQ option 2 (ACK/NAKC) feedback, SL Rx UEs in the group shall share one or multiple PSFCH channels.
· FFS the maximum number of shared PSFCH channels for HARQ option 2
Because the configured PSFCH resource is limited, the total number of PSFCH channels is limited to support a large number of SL UEs in the resource pool. The maximum number of shared PSFCH channels, which shall be used to determine PSFCH resource, should be known before pre-configuration of the PSFCH resource.
Given that PSFCH supports both unicast and groupcast, the PSFCH payload will depend on the choice of unicast, groupcast with HARQ option 1, or groupcast with HARQ option 2.
Proposal 8:		One NACK bit and/or ACK bit shall be included in PSFCH payload.

2.3	Enable/disable HARQ feedback
It was agreed in a working assumption that SCI shall be used to enable/disable HARQ feedback in RAN1 #98bis:
	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.





For sidelink unicast and groupcast, gNB can (pre-)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 may 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. With the new agreements, sidelink Tx 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 9:		Confirm working assumption that SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.

2.4	Groupcast HARQ process
For groupcast with feedback option 1, TX-RX distance based HARQ feedback is supported. The open issue is how to handle the situation when location information, which is a higher layer information, is not available at TX and/or RX. From RAN1 #98 meeting, we have this agreement:
	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.




Another working assumption on zone-based HARQ for groupcast Option 1 was agreed in RAN1 #98bis:
	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.



The LTE V2X zone concept is used here. UE can determine its HARQ feedback decision based on the zone information.
Proposal 10:	Confirm the working assumption that zone is (pre-)configured with respect to geographical area, and Zone ID associated with TE UE’s location is indicated by SCI.
Proposal 11:	Zone (pre-)configuration re-uses the zone definition in LTE V2X.
When the location information is not available at the Tx UE, the Tx UE won’t be able to provide its location information in its SCI. The Tx UE may indicate this in its SCI, and the Rx UE in the group shall determine its HARQ feedback based on its measured RS quality. If the location information of a Rx UE is not available, the determination of whether a feedback is sent shall also depend on the measure RS quality as well. 
Proposal 12:		UE may determine its HARQ feedback for groupcast based on either Tx-Rx distance (zone) information or RS measurement, when location information is not available.
Note that this RS measurement for determination of a HARQ feedback may or may not have specification impact. 
The range-based HARQ feedback is agreed to support Option 1, where HARQ NACK-only feedback is applied. This range-based HARQ can be easily applied to groupcast Option 2 for groupcast HARQ ACK/NACK, as well. For Option 2, because of limited PSFCH channels, it will be beneficial to use this range-based HARQ feedback. A Rx UE outside the range may choose not to send its ACK and/or NACK feedback.
Proposal 13:		Support range-based HARQ feedback for sidelink groupcast with ACK/NACK feedback (Option 2).
For the two HARQ options of SL groupcast, we need to address other issues related to HARQ choices:
· 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 has the choice to determine whether HARQ feedback is enabled for a group and it can also determine which feedback option the groupcast shall use. 
Proposal 14:		Support gNB configuration of either Option 1 or Option 2 for HARQ feedback at least in mode 1.
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. The answer is yes, as agreed in the email discussion [98b-NR-20].
	Agreements:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used



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 15:		The selection of either Option 1 and Option 2 is up to Tx UE’s choice (implementation), when the sidelink Tx UE is configured to control its HARQ process.

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



RAN1 #98bis meeting reached an important agreement on the CQI/RI reporting:
	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




With this agreement, no physical layer feedback channel will be specified for CQI/RI reporting. Any CQI/RI dependent physical layer procedures, e.g. link adaptation, will depend on high layer signaling. 
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 16:		Support precoder cycling for the CSI-RS “confined” PSSCH transmission.

4	Sidelink power control
4.1	Power control for PSCCH/PSSCH
RAN1 #98bis meeting reached this agreement on RSRP reporting for power control
	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




RAN1 shall not specific physical layer RSRP reporting, at least for open loop power control for PSSCH/PSCCH. 
On the SL-RSRP measurement for SL open loop power control, there is an agreement in RAN1 #98bis
	Agreements:

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




An open issue related to the SL-RSRP measurement is the choice of precoding for 2Tx transmission. If these is no specification support for precoding, UE may base any random precoder at the receiver side with PSSCH DMRS measurement. At the SL transmitter side, currently there is also no precoding definition for PSSCH in specification. Given that the choice of Tx/Rx precoders may significantly impact the RSRP, a choice of precoding for RSRP measurement is needed. One simple choice is to use precoder cycling at Tx/Rx side to support sidelink RSRP measurement.
Proposal 17:		Support precoder cycling at Tx/Rx for SL-RSRP measurement.

4.2	Power control for PSFCH
One agreement was reached in RAN1 #98bis meeting on PSFCH power control:
	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.




This agreement addressed the PSFCH power control issue when the PSFCH Tx UE is in-coverage. The PSFCH power control is based on the pathloss between PSFCH Tx UE and gNB. PSFCH Tx UEs with similar pathloss will be have similar Tx power for PSFCH, mitigating potential Tx interference issue for PSFCH.
The PSFCH power control becomes tricky when the PSFCH Tx UE is out-of-coverage, where is no pathloss reference. 
Proposal 18:		When pathloss information between PSFCH TX UE and gNB is not available, the PFSCH Tx UE shall transmit PSFCH with full power.
 

5	Conclusions
On sidelink procedures, we provide our discussion on sidelink PSFCH design and related HARQ operation, sidelink CSI-RS procedures, and sidelink power control. Our proposals can be summarized here:
Proposal 1:		When there is no configuration information of K in a resource pool, the default PSSCH-to-PSFCH gap parameter is K=2.
Proposal 2:		 Within a SL resource pool, the PSFCH resource shall be (pre-)configured with n symbols (excluding AGC symbol) and a number of PRBs, where n=1 or 2, and the number of PRBs are configurable parameters.
Proposal 3:     For detailed PSFCH resource determination, consider time-first sub-channel indexing (i.e. sub-channel indexing performed first in time and then in frequency). 
Proposal 4:     For a PSSCH occupying multiple subchannels, consider receiver UEs using the PSFCH resource in the middle of candidate PSFCH resource set (PSFCH resources associated with the subchannels) for HARQ feedback.
Proposal 5:		FDM/CDM of PSFCH channels within the allocated PSFCH resource region can be used for all SL UEs in a resource pool.
Proposal 6:		For groupcast with HARQ option 1 (NACK only) feedback, SL Rx UEs in the group shall share one PSFCH channel.
Proposal 7:		For groupcast with HARQ option 2 (ACK/NAKC) feedback, SL Rx UEs in the group shall share one or multiple PSFCH channels.
· FFS the maximum number of shared PSFCH channels for HARQ option 2
Proposal 8:		One NACK bit and/or ACK bit shall be included in PSFCH payload.
Proposal 9:		Confirm working assumption that SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.

Proposal 10:	Confirm the working assumption that zone is (pre-)configured with respect to geographical area, and Zone ID associated with TE UE’s location is indicated by SCI.
Proposal 11:	Zone (pre-)configuration re-uses the zone definition in LTE V2X.
Proposal 12:		UE may determine its HARQ feedback for groupcast based on either Tx-Rx distance (zone) information or RS measurement, when location information is not available.
Proposal 13:		Support range-based HARQ feedback for sidelink groupcast with ACK/NACK feedback (Option 2).
Proposal 14:		Support gNB configuration of either Option 1 or Option 2 for HARQ feedback at least in mode 1.
Proposal 15:		The selection of either Option 1 and Option 2 is up to Tx UE’s choice (implementation), when the sidelink Tx UE is configured to control its HARQ process.
Proposal 16:		Support precoder cycling for the CSI-RS “confined” PSSCH transmission.
Proposal 17:		Support precoder cycling at Tx/Rx for SL-RSRP measurement.
Proposal 18:		When pathloss information between PSFCH TX UE and gNB is not available, the PFSCH Tx UE shall transmit PSFCH with full power. 
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