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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
This document discusses various items in the agenda item of sidelink physical layer procedures.
The important agreements from the previous 3GPP meeting and V2X SI, captured in TR38.885, are noted down in the relevant sub-items before presenting our views and proposals in those topics.
2 HARQ Operation for Sidelink 
TR38.885: 
For SL unicast and groupcast, HARQ feedback and HARQ combining in the physical layer are supported. 
The following agreements were achieved in R-96 meeting on SL HARQ feedback.
Agreement R1#96:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

Agreements R1#96B:
· 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

Further progress was made in R1#97 on HARQ topic.
Agreement R1#97:
· For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.
Agreement R1#97:
· 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
Agreement R1#97:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)
98b-NR-12:
· For unicast: 
o     TX UE reports contents received in PSFCH (i.e., ACK/NACK) to gNB. 
o     TX UE reports NACK if PSFCH is not detected 
o     when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as working assumption) associated with the transmissions.
· For groupcast option 1: 
o     TX UE reports ACK to the gNB if no PSFCH is detected. 
o     TX UE reports NACK to the gNB if at least one PSFCH (i.e., NACK) is detected. 
o     when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as a working assumption) associated with the transmissions. 
o     FFS the cases when TX UE does not transmit/receive due to prioritization. 
· For groupcast option 2: 
o     TX UE reports ACK if all expected PSFCH resources are received and carry ACK. 
o     TX UE reports NACK if at least one received PSFCH resource carries NACK or if no PSFCH is not detected. 
o     FFS the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report. 
o     FFS behavior when TX UE does not detect some expected PSFCH.
· FFS if no PSCCH/PSSCH is transmitted in a set of resources for configured grant. 
· FFS whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB.

98b-NR-13:
· NR supports reporting of multiple SL HARQ-ACKs in a single PUCCH resource. 
· The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized.
· Reports carry SL HARQ-ACKs for dynamic grants and/or configured grants. 
· A UE does not expected to be indicated to transmit SL HARQ-ACK information for more than one SL configured grant in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL HARQ-ACK reporting.
· NR supports multiplexing of SL HARQ-ACK(s) and DL HARQ-ACK(s) in a single PUCCH resource. 
· A UE does not expected to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptions and/or SL configured grants in a same PUCCH.
· The UE does not expect to multiplex SL HARQ-ACK(s) and DL HARQ-ACK(s) in the same PUCCH resource if it is configured with different codebook types for SL and DL HARQ-ACK reports
· Note: A UE can be provided with multiple SL CGs/DL SPSs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL/DL HARQ-ACK reporting.
· The PUCCH resource used for reporting the multiplexed HARQ-ACKs is determined by the last DCI among all DCIs associated with the reported HARQ-ACKs (e.g., carrying a SL grant, scheduling a PDSCH, etc.).
· FFS whether the DL HARQ-ACK PUCCH resource set(s) or the SL HARQ-ACK PUCCH resource set(s) is used.
· For SL HARQ-ACK reporting, both Type-1 and Type-2 codebook are supported: 
· The same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting.
· SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits, which are independently generated using the corresponding procedures. 
· FFS changes or restrictions to the Rel-15 procedures for generating the SL HARQ-ACK bits.
· FFS other details on how the codebook(s) are constructed
· SL HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission. 
· The Rel-15 procedures and signaling for multiplexing DL HARQ-ACKs in PUSCH are reutilized.

· 98b-NR-19
· Working assumption: 
 A single value of K is (pre-)configured in a resource pool. 
 K=3 is supported in addition to K=2.

98b-NR-20 
Agreements:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.

98b-NR-21 
· 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.


[bookmark: _Hlk5009432]In our view, the association of PSSCH and PSFCH should be established in (pre-)configuration. This avoids the signaling overhead and both TX-UE and RX-UE know precisely where to expect/transmit the feedback. The time frequency resource for PSFCH, associated to PSSCH, can be periodic in nature and the pre-configuration specifies a time range within which HARQ feedback for a specific transport block can be transmitted. All the PSFCH occasions, falling within the specified range, can be used for this feedback. The possibility of configuring feedback occasion (resource) over multiple slots is a good step toward efficient resource utilization.
2.1 Sidelink Feedback Resource Management for Unicast and Groupcast
Following agreement was reached in an email discussion following the R1#98 meeting.
Agreements in [98-NR-10]:
· For implicit mechanism for PSFCH resource determination, 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots
· FFS: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots 
· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)
· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission
· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.


Agreements in [98b-NR-21]:
· 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
· 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
· 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 scheduling granularity for PSSCH is sub-channel. For unicast transmissions, each sub-channel may need a feedback resource. For groupcast transmissions with NACK only feedback (Option 1), as only a single NACK identification is the objective without paying regard to which group member transmits this NACK, a single PSFCH resource might suffice. Though in certain cases, more than one resources may be utilized with different levels of RSRP etc. For groupcast transmissions with ACK and NACK based feedback (Option 2), the situation is very different. Each group member needs to be assigned a unique feedback resource if feedback identification from each user is desired. Thus, the number of feedback resources for a groupcast transmission is the group size and hence unpredictable. The other major issue making the situation far more complicated is the fact that any sub-channel may potentially be scheduled with groupcast transmission having ACK and NACK feedback. This would require that the number of PSFCH resource should be such that it can accommodate the groupcast ACK/NACK transmission from each sub-channel for the maximum group size. This may be huge overhead, and very compromising for the system efficiency.

[bookmark: _Hlk21096164][bookmark: _Hlk23948758]Observation 1:
A completely implicit design which can accommodate groupcast ACK/NACK feedback from any sub-channel for any group size results in a large overhead.

This issue can be resolved by introducing a split where the feedback resource for the groupcast ACK/NACK feedback are mapped to a specific part of the sidelink feedback resource. This can be easily achieved by providing an offset to the start of the resources for groupcast ACK/NACK feedback. The second step will be to apply an efficient feedback resource mapping/determination technique for groupcast communication with ACK and NACK feedback. These techniques are discussed in sections 2.4 and 2.5.

[bookmark: _Hlk21096175]Proposal 1:
The feedback for groupcast ACK/NACK feedback is mapped on a specific zone of the feedback resource. This offset can be part of the resource pool configuration.
Another more general technique which can facilitate the handling of groupcast feedback is to introduce the notion of feedback resource sets, something similar to the CORESETs for the DL control information. It is proposed to allow configuration of multiple feedback resource sets, where the PSFCH resource in a feedback resource set can have a different periodicity and PSSCH-PSFCH time gap. Thus, a resource pool can be (pre-)configured with several feedback resource sets, e.g. a small PSFCH resource set with N=1 and small PSSCH-PSFCH time gap for fast feedback and a set with larger PSFCH capacity but lower periodicity, another potentially different feedback resource set to accommodate groupcast traffic only etc. The association of PSSCH and PSFCH resource set can be implicit, e.g. based on the PSSCH resource allocation or explicitly signaled for different services or cast types.

[bookmark: _Hlk21096198][bookmark: _Hlk23948770]Proposal 2:
[bookmark: _Hlk16684018]Per resource pool, support to group PSFCH resources into feedback resource sets. Each feedback resource set has its own associated periodicity N and PSSCH-PSFCH time gap, and it can be associated to different services and/or different cast types.

2.2 [bookmark: _Hlk16684033]Determination of PSFCH Feedback Resource for Unicast and Groupcast Option 1
It has been agreed in 3GPP sidelink discussions that the feedback resource determination is implicit. The mechanism to implicitly determine the feedback resource needs to be standardized yet. This issue was discussed in “Issue 3-4” in the feature lead summary of V2X PHY Procedures in R1#98Bis.
· Issue 3-4: How to determine the implicit mechanism for PSFCH resource determination at least for the case when the PSFCH in a slot is in response to a single PSSCH? 

For the general case with the feedback periodicity every N slots, the implicit mapping can be performed by associating the first PSSCH sub-channel to the first PSFCH resource in the period. The size of one PSFCH resource in terms of number of PRBs and the number of OFDM symbols is pre-defined or is part of resource pool configuration. Suppose that in each feedback period, there are R PSFCH resources which are orthogonal in frequency, time or both. First R sub-channels of PSSCH are associated to these PSFCH resources. This utilizes all the time and frequency distinct PSFCH resources prior to using the CDM resources of PSFCH. If there are more sub-channels which have to be accommodated in this feedback resource, the next set of R sub-channels can use the R PSFCH resources with the 2nd CDM sequence.  The next set of R sub-channels use the same R PSFCH resources with the 3rd CDM sequence, and so on.
[bookmark: _Hlk21096211]Proposal 3:
The implicit feedback resource determination associates each sub-channel to a PSFCH resource, in the order of frequency, time and code.

This mapping is implicit and easy as each sub-channel maps to an identifiable PSFCH resource with respect to the actual delay between the PSSCH slot and the PSFCH feedback. This feature allows the resource pool operation with different PSSCH transmissions having different delays. This mapping can easily handle feedback resource assignments for unicast and groupcast Option 1. In groupcast Option 1, the UEs send NACK only feedback and the objective is to only identify if there is any NACK. For this reason, groups with NACK only feedback can use the mechanism of unicast implicit feedback resource determination.
Agreements in [98b-NR-21]:
· 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
This email agreement discusses the possibility of assigning potentially multiple resources to slot and sub-channel index, in general. From our point of view, for unicast and groupcast Option 1, multiple resource assignment to one sub-channel and slot is un-necessary. For unicast and groupcast Option 1, a single sub-channel and slot index should determine a single PSFCH resoruce which is used for feedback. The inclusion of source ID may result in feedback collisions or management of IDs to avoid them, both of which are not desired. So our proposal is to avoid using the source ID in the implicit feedback resource determination.
[bookmark: _Hlk21096222]Proposal 4:
The mechanism of implicit feedback resource determination for sidelink transmissions does not use source ID.

2.3 [bookmark: _Hlk16684087]Determination of PSFCH Feedback Resource for Groupcast Option 2 in Mode 1
As discussed earlier in section 2.2, the feedback for the groupcast ACK-NACK feedback should be in a specific part of the resource pool feedback resource, and the starting address or offset for this zone is part of resource pool configuration.
Each group configured with ACK-NACK based feedback is configured with a set of PSFCH resources that it can use for its ACK-NACK based feedback. This resource has a periodicity, which can be an integer multiple of periodicity of resource pool feedback resource. The sub-sampled periodicity will allow sharing the feedback resource among multiple groups. 

Among the set of resources allocated to the group, all the group members implicitly do resource allocation to suitably choose the precise time-frequency-code resource over which they will feedback. This may follow the motivation from the unicast design. If the group resource has R PSFCH unit resources which are orthogonal in time, frequency or both, the first R users will use these resources. The next R users will use the same resources using a different CDM sequence. Further R users may be accommodated with a third CDM sequence and so on. This assignment can be in the order of frequency, time, and code domains for the users. This will require that the users know their order in the group. This will require a user identity which serves this purpose. Thus, such a identity needs to be defined which provides some sort of UE ordering in the group.
[bookmark: _Hlk23948803][bookmark: _Hlk21096232]Proposal 5:
Each group with Option 2 feedback is assigned a set of PSFCH resources with a given periodicity where it may feedback. This resource assignment can be part of the group configuration in Mode 1. The time-frequency-code assignment of the users within these PSFCH resources is implicit, and could be in the order of frequency, time, and code with respect to user identity in the group.

As discussed in the previous section, source ID used to determine the precise resource among the set of resources is an unnecessary complexity and we don’t see any benefit for this. For this reason, our view is to avoid including the source ID in the feedback resource determination.
2.4 Determination of PSFCH Feedback Resource for Groupcast Option 2 in Mode 2
In mode 2 based resource allocation, the UEs are performing resource selection. This is based upon sensing. As in Rel-16, there is no member taking the role of lead in terms of resource scheduling or doing the scheduling of nearby users on behalf of the gNB, the solution proposed in the last section for Groupcast feedback resource determination is not applicable in Mode 2 in a straight forward manner. Thus, from our point of view, for the groups operating in Mode 2, groupcast communication with Option 2 feedback is not supported, at least in Rel-16.
[bookmark: _Hlk23948813]Proposal 6:
Sidelink groupcast feedback with Option 2 (ACK and NACK based feedback) is not supported for Mode 2 in Release-16.

When a group is configured with Option 2 based feedback, and it moves from in-coverage to out-of-coverage areas, it switches to NACK only feedback. In this way, unicast, groupcast Option 1 and Option 2 can be treated with the implicit mapping without any distinction for Groupcast Option 2, and no bootstrapping node is required which could do a special handling for the groupcast ACK-NACK based feedback resource determination.
[bookmark: _Hlk21096241]Proposal 7:
A group configured with ACK and NACK based feedback, when operating in Mode 2 of resource allocation, will use NACK only feedback.

2.5 Remaining Issues in HARQ Operation for Sidelink Groupcast
TR38.885:
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. In the case of non-CBG operation, two options are supported: (Editor's note: This is a RAN1 working assumption)
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.
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.

Agreements R1#96B:
· Confirm the following 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

Agreements R1#96B:
· 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.

There are a wide variety of scenarios in groupcast communication. Different scenarios combined with the possibility of different nature of application data with different QoS constraints (reliability, latency etc) lead to varying levels of physical layer reliability requirements. All of these scenarios and requirements may be operational within the groups of varying sizes, ranging from small groups with few members to relatively large groups with dozens of group members. In our point of view, all of these requirements cannot be met with option 1 or option 2 alone. For this reason, 3GPP has agreed to keep a choice of feedback in terms of NACK only or ACK/NACK based feedback.

For NACK only feedback in Option 1, it is noted as FFS whether all or a subset of receiver UEs share a PSFCH resource. Although from resource efficiency point of view, it may be optimal to use a single resource independent of the group size, the accumulation of large amount of energy over a given feedback resource could be problematic for other ongoing transmissions in the proximity. This situation may deteriorate the communication around a big group involved in groupcast communication. In unicast communication, there will be two feedback sequences allocated, one associated to ACK and one associated to NACK. To keep the uniform feedback resource determination mechanism, it can be allowed that a set of users in a NACK only groupcast communication use one sequence to send NACK, and the other set of users is configured to send NACK on the other sequence.
[bookmark: _Hlk21096254]Proposal 8:  
[bookmark: _Hlk7794511]For groupcast communication with NACK only feedback, a single resource or two resources for PSFCH can be configured with each user knowing through pre-configuration where it should send its feedback.

One interesting approach which can be easily integrated is to use the two-phase shifts (ACK and NACK) of unicast feedback to allow NACK only feedback be split over two resources. This partitioning of users over ACK-NACK options of PSFCH can also be a function of RSRP/distance etc.

For ACK-NACK feedback in Option 2, it is noted as FFS whether all or a subset of the group members share a PSFCH resource for ACK (NACK) transmission. In our understanding, the primary motivation for ACK-NACK feedback is to enable identifiability of group members to achieve higher QoS. In case, PSFCH resource is shared for ACK or NACK, the user identifiability cannot be guaranteed. It needs to be clarified if the user identifiability is not required, why ACK-NACK based scheme with higher feedback overhead should be prioritized over NACK-only feedback.
[bookmark: _Hlk21096266]Proposal 9:
[bookmark: _Hlk7794526]For groupcast communication with ACK-NACK feedback, a PSFCH resource is not shared for ACK/NACK transmission among multiple users.

Another important FFS point in this agreement is about whether the hybrid of Option 1 and Option 2 is allowed. In many scenarios, the groupcast data can have different QoS requirements at different receivers. To accommodate such use cases, different members in the group can be configured with different feedback configurations and parameters. Similarly, in certain scenarios, it could be important for the group/platoon leader to receive the groupcast data with higher priority than other members.
[bookmark: _Hlk21096277]Proposal 10:
[bookmark: _Hlk5009455]For groupcast communication, different members in the group can be configured with different HARQ feedback types leading to the mixed configuration where some members are configured with ACK+NACK, and some members are configured for NACK only feedback. Another example of mixed configuration is to have a different configuration for the group leader compared to other group members.

For large sized groups, NACK-only feedback can be very promising to manage the feedback resource overhead. The most serious drawback of NACK-only feedback is the confusion that it introduces between successful detection and misdetection of SCI (so called DTX problem). To increase robustness against DTX, some signaling to detect the previous mis-detection can be introduced. 
[bookmark: _Hlk21096288]Proposal 11:
[bookmark: _Hlk7794548]It is recommended to investigate how to resolve the DTX issue with NACK-only feedback. 

DTX detection can be enabled in a group by a variety of procedures. One option is to let the member UE detect the DMRS in the PSCCH and allow the transmission of DTX. Another option can be to allow the group members detect the ACK/NACK of one reference member in the group over the known feedback resources and transmit DTX detection in the group. The resource used for DTX transmission can be distinct or can be shared with the classical feedback resource. For known periodic traffic, the member UE can be allowed to transmit NACK as soon as it fails (periodic) SCI detection.

Working assumption R1#96B:
· 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 evaluations/analysis
Agreements R1#97:
· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location
· Send a response LS to SA2 including this agreement – R1-1907823 (Hanbyul, LGE)

Agreements R1#98 :
· 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.

Following issue was noted in the feature lead summary in R1#98 Prague meeting as Issue 3.6:
· Issue: Whether or not to support additional condition to disable SL HARQ feedback when (pre-)configuration enables SL HARQ feedback. 
If SL HARQ feedback is configured for groupcast communication, the simplest design is that all the users follow the pre-configuration and always send feedback according to the pre-configuration. This can work in many scenarios but in certain important cases this can make the operation difficult. One example is when the group size becomes very large and it can be very resource consuming to receive feedback from all the group members. Another situation is when there is congestion, which can happen independent of the group size. For this reason, we propose that despite the HARQ feedback pre-configured, it should be possible to introduce an additional condition for HARQ feedback. Furthermore, to make this conditioning efficient, this additional condition can be dynamically activated for the users.
[bookmark: _Hlk21096301][bookmark: _Hlk23948870]Proposal 12:
[bookmark: _Hlk7794572]For sidelink groupcast communication with HARQ feedback enabled, an additional condition can be indicated which may disable HARQ feedback. The transmitter/group-leader can dynamically activate this condition for the (desired) user(s).
There is an additional advantage of this additional condition. This additional condition can be defined in terms of distance and or RSRP. Thus, this additional condition helps to realize in practice distance/RSRP based feedback. We would like to highlight here the fact that distance measurement can be tricky to realize without sharing additional information and they will also require sharing additional control information among the members leading to resource overhead. Thus RSRP based condition is more suitable to use.
[bookmark: _Hlk21096314]Proposal 13:
[bookmark: _Hlk7794585]RSRP based activation or de-activation of HARQ feedback is supported in groupcast.

2.6 Codeblock Group based HARQ Feedback
TR38.885: 
When SL HARQ feedback is enabled for unicast, in the case of non-CBG operation the 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 targeted to the receiver UE.
Following issue was noted in the feature lead summary in R1#98 Prague:
· Issue: Whether to support SL HARQ feedback per CBG? 

CBG based HARQ operation was adopted in NR Rel-15. It allows the receivers to be configured for CBG based HARQ feedback, and then enables re-transmission possibilities only for erroneous CBGs rather than the classical TB based re-transmissions. Thus, CBG based operation can be very useful for large TB sizes. It is important to note that the vehicular environment can be much more dynamic than the cellular environment, due to mobility of both Tx and Rx. Thus, the probability that partial code block groups are not decoded is higher in sidelink compared to traditional cellular communication involving gNB on one end of the transmission. The number of feedback bits increase for the CBG based feedback. To have a uniform framework for TB or CBG based feedback, the implicit resource assignment framework of TB based feedback can be reused for CBG based feedback. Additional phase shifts, sequences or resources can be used to transmit multi-bit CBG based feedback.
[bookmark: _Hlk21096326][bookmark: _Hlk23948885]Proposal 14:
[bookmark: _Hlk5009444]For sidelink unicast transmissions with HARQ feedback, support CBG based feedback and re-transmissions.

For the case of groupcast communication, when the same data is destined to multiple users, it has been agreed that the HARQ feedback can be configured. Contrary to the unicast communication, where CBG based feedback and re-transmission can be very useful, the advantages of CBG based feedback and re-transmissions are not very clear for groupcast communication. First of all, CBG based feedback would incur heavy a feedback overhead which can be difficult to accommodate in groupcast. It further makes a NACK-only scheme impossible to implement and more complicated schemes need to be designed. Secondly, in terms of re-transmission, it would bring gains only if in case of multiple users having partial TB failures, the same CBGs fails in these users. This is certainly possible but given the independent channel realizations and the extremely dynamic nature of the vehicular environment, such events have very low probability of occurrence. This motivates us to support only TB based HARQ feedback and re-transmissions for groupcast transmission.
[bookmark: _Hlk21096335]Proposal 15:
[bookmark: _Hlk5009485]For sidelink groupcast transmissions with HARQ feedback, only transport block-based feedback and re-transmissions are supported. 

2.7 HARQ Transmit and/or Receive Conflicts
The periodic occurrence of HARQ feedback resources has been agreed. According to the current agreement, feedback resource may be configured periodically every 1, 2 or 4 slots. This brings the possibility that a sidelink UE may have received two data packets from two different UEs for which it needs to provide HARQ feedback in a single occasion. A more serious conflict which gives rise to duplexing issues is related to the case when a UE has transmitted and received data such that it is supposed to receive and transmit the associated feedback in the same HARQ feedback occurrence.  In fact, such issues have been noted down in RAN1#97 meeting and some progress was made in R1#98.

R1#97 Reno, US -- conclusion:
· Study further whether/how to handle/avoid the following cases for PSFCH transmission and reception:
· Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding the two PSSCHs appear in the same slot.
· Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.
· Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.

Agreements R1#98:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2

Case 1 (PSFCH TX/RX overlap):
In case of TX/RX overlap, priority rule has been agreed. 

Case 2 (PSFCH TX to multiple UEs): 
Transmission of up to N feedbacks with priority rule was agreed in R1#98. 

Case 3 (PSFCH TX with multiple HARQ feedback to the same UE):
R1#98 agreement above makes an FFS whether to perform multiplexing over multiple feedback or apply the solution of case 2, namely transmission of up to N feedbacks with priority rule.

In case there are more than one PSSCH transmissions, between the same pair of sidelink Tx and sidelink Rx, the feedback resource determination can be done in the implicit manner. We would like to highlight the fact that implicit resource determination may result in assignment of two feedback resources with overlap in time and frequency. This means, the Rx UE is expected to transmit two (orthogonal) sequences over the same time frequency resource, which would require inability to transmit with suitable power for each of the feedback. This can result in performance degradation.
[bookmark: _Hlk21096360]Observation 2:
Application of Case 2 solution, namely transmission of up to N feedbacks, may result in performance degradation if the feedback resources for two TBs overlap in time and frequency.

We propose that the resources determined for the individual transmissions are used to feedback in multiplexed manner. Thus, the resources stay the same, but the interpretation of the signal transmitted/received varies.
We provide a concrete example. Suppose a sidelink Tx transmits two TBs, TB0 and TB1, to a sidelink Rx. They are transmitted on the sub-channels which result in PSFCH resources determined in implicit manner R0 for TB0 (two phases phi-0 and phi-1 representing ACK and NACK) and R1 for TB1 (two phases phi-2 and phi-3 representing ACK and NACK). Then the sidelink Rx will transmit the feedback according to the following table:
	TB0_Decoding – TB1_Decoding
	Sidelink Rx Multiplexed Feedback

	ACK - ACK
	R0 phi-0

	ACK - NACK
	R0 phi-1

	NACK - ACK
	R1 phi-2

	NACK - NACK
	R1 phi-3



In this way, the sidelink Rx UE will only transmit one feedback on a single resource which provides the multiplexed feedback to the Tx for all the received TBs.
[bookmark: _Hlk21096372][bookmark: _Hlk23948924]Proposal 16:
When a sidelink Rx has to transmit multiple PSFCH to a single sidelink Tx in a given feedback interval, it sends multiplexed feedback over the combined resources.

One disadvantage of multiplexed approach is if the sidelink Rx has missed one SCI, the feedback of remaining TBs may create a confusion for the sidelink Tx. Another disadvantage is if this multiplexed feedback is not received or received erroneously, it results in greater impact than a single feedback. To handle such cases, one option can be to apply the result of case 2 (transmit up to N PSFCH) for the TBs whose implicitly determined PSFCH resource is orthogonal in time or frequency or both. If the two TBs get mapped to the same time and frequency feedback resource with distinction in phase/code domain, they can be multiplexed.

[bookmark: _Hlk21096384]Proposal 17:
When a sidelink Rx has to transmit multiple PSFCH to a sidelink Tx in a given feedback interval, it transmits up to N PSFC transmissions, applying multiplexing to the feedback transmission whose PSFCH resources overlap in time and frequency.

3 CSI Acquisition
TR38.885:
Examples of CSI information for V2X are CQI, PMI, RI, RSRP, RSRQ, path-gain/pathloss, SRI, CRI, interference condition, vehicle motion. For unicast communication, CQI, RI and PMI, or a subset among them, are supported with non-subband-based aperiodic CSI reports assuming no more than 4 antenna ports. The CSI procedure does not rely on a 'standalone' RS. CSI reporting can be enabled and disabled by configuration.
Agreements R1#96B:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
3.1 CSI for Mode 1 
For V2X in-coverage transmissions scheduled by the gNB, so called Mode 1 resource allocation, when the Tx UE is in communication with an Rx UE, the resource scheduling is done by the gNB. If no periodic resources have been allocated, the Tx UE will send a scheduling request to the gNB for each transport block (TB). 

The conventional CSI acquisition scheme requires two scheduling-requests and grant receptions from the gNB. One at the Tx UE to transmit CSI-RS and the second at the Rx UE to transmit CSI report. This procedure is not only resource inefficient due to heavy control overhead, but it can be a serious issue for latency sensitive applications where a quick link adaptation may be desired at the Tx UE. It could be interesting to have the two resources (one for CSI-RS transmission and one for CSI report transmission) scheduled in a single step. Thus, the Tx UE receives the indication of two scheduled resources from the gNB as part of the its scheduling request for CSI-RS transmission. Then the Tx UE indicates these two resources to the Rx UE as part of CSI-RS transmission. Upon receiving this indication, the Rx UE can estimate CSI and transmits the CSI report on the pre-scheduled resources. 
The proposed step-by-step procedure for CSI acquisition is shown in the following. 
(1) Tx UE sends a request to the gNB to trigger CSI acquisition procedure (potentially combined with a scheduling request for data transmission)
(2) The gNB allocates the resources for CSI transmission (potentially within the PSSCH which needs to be transmitted due to data) and CSI Reporting purpose
(3) Tx UE transmits SCI and sends CSI-RS (potentially embedded in PSSCH). In this step, Rx UE gets also the indication for CSI reporting. The Rx UE receives CSI-RS, computes the CSI parameters (CQI/RI etc). 
 (4) Rx UE sends SCI and CQI/RI report to the Tx UE on the pre-allocated CSI reporting resource.

This step-by-step CSI acquisition procedure is shown in Figure 2.
[image: ]
[bookmark: _Ref16689331]Figure 2: CSI Acquisition in Mode 1

[bookmark: _Hlk21096397]Proposal 18:
[bookmark: _Hlk16684510]For CSI acquisition in Mode 1, the gNB can allocate the resources for CSI-RS transmission and the CSI reporting simultaneously.
[bookmark: _Hlk5009495]
When the Tx has been configured with periodic resources from the gNB, and it needs to acquire CSI, it can directly transmit CSI-RS on the configured resources. An indication can be sent to the Rx to inform that the resource carries CSI-RS, in addition to data and other reference symbols. Similarly, if the Rx UE has been allocated configured resources to the Tx UE, from whom it has received CSI-RS, it can transmit a CSI report on its configured periodic resource. The control information may carry an indication that the resource comprises of CSI report only or along with data. 

4 Beam Management
TR38.885:
RAN1 conducted a limited study on beam management, and concluded that it is beneficial for the SL. In FR1, it is feasible to support V2X use cases without SL beam management. In FR2, it is feasible to support some V2X use cases without SL beam management in some scenarios. To improve communication range in FR2, panel selection is necessary.
From the study conducted in SI, the companies’ views and the time constraints for the Rel-16 WI completion till December 2019, we propose to keep the focus on FR1 to have a mature core technology. The techniques can then be extended to FR2 in a later release.
[bookmark: OLE_LINK27][bookmark: OLE_LINK17][bookmark: OLE_LINK16]
5 Conclusions
The following observation have been made in this document:
Observation 1: A completely implicit design which can accommodate groupcast ACK/NACK feedback from any sub-channel for any group size results in a large overhead.
Observation 2: Application of Case 2 solution, namely transmission of up to N feedbacks, may result in performance degradation if the feedback resources for two TBs overlap in time and frequency.

The following proposals have been presented in this document.
Proposal 1: The feedback for groupcast ACK/NACK feedback is mapped on a specific zone of the feedback resource. This offset can be part of the resource pool configuration.
Proposal 2: Per resource pool, support to group PSFCH resources into feedback resource sets. Each feedback resource set has its own associated periodicity N and PSSCH-PSFCH time gap, and it can be associated to different services and/or different cast types.
Proposal 3: The implicit feedback resource determination associates each sub-channel to a PSFCH resource, in the order of frequency, time and code.
Proposal 4: The mechanism of implicit feedback resource determination for sidelink transmissions does not use source ID.
Proposal 5: Each group with Option 2 feedback is assigned a set of PSFCH resources with a given periodicity where it may feedback. This resource assignment can be part of the group configuration in Mode 1. The time-frequency-code assignment of the users within these PSFCH resources is implicit, and could be in the order of frequency, time, and code with respect to user identity in the group.
 Proposal 6: Sidelink groupcast feedback with Option 2 (ACK and NACK based feedback) is not supported for Mode 2 in Release-16.
Proposal 7: A group configured with ACK and NACK based feedback, when operating in Mode 2 of resource allocation, will use NACK only feedback.
Proposal 8: For groupcast communication with NACK only feedback, a single resource or two resources for PSFCH can be configured with each user knowing through pre-configuration where it should send its feedback.
Proposal 9: For groupcast communication with ACK-NACK feedback, a PSFCH resource is not shared for ACK/NACK transmission among multiple users.
Proposal 10: For groupcast communication, different members in the group can be configured with different HARQ feedback types leading to the mixed configuration where some members are configured with ACK+NACK, and some members are configured for NACK only feedback. Another example of mixed configuration is to have a different configuration for the group leader compared to other group members.
Proposal 11: It is recommended to investigate how to resolve the DTX issue with NACK-only feedback. 
Proposal 12: For sidelink groupcast communication with HARQ feedback enabled, an additional condition can be indicated which may disable HARQ feedback. The transmitter/group-leader can dynamically activate this condition for the (desired) user(s).
Proposal 13: RSRP based activation or de-activation of HARQ feedback is supported in groupcast.
Proposal 14: For sidelink unicast transmissions with HARQ feedback, support CBG based feedback and re-transmissions.
Proposal 15: For sidelink groupcast transmissions with HARQ feedback, only transport block-based feedback and re-transmissions are supported. 
Proposal 16: When a sidelink Rx has to transmit multiple PSFCH to a single sidelink Tx in a given feedback interval, it sends multiplexed feedback over the combined resurces.
Proposal 17: When a sidelink Rx has to transmit multiple PSFCH to a sidelink Tx in a given feedback interval, it transmits up to N PSFC transmissions, applying multiplexing to the feedback transmission whose PSFCH resources overlap in time and frequency.
Proposal 18: For CSI acquisition in Mode 1, the gNB can allocate the resources for CSI-RS transmission and the CSI reporting simultaneously.
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