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1 Introduction

In RAN1#83, NR V2X WI was approved [1] to specify radio solutions that are necessary for NR to support advanced V2X services based on the study outcome captured in TR 38.885, including sidelink physical layer procedures. In this contribution, updated from R1-1908716, we focus on aspects relevant to HARQ procedure, especially regarding the HARQ feedback operation for sidelink groupcast.
2 Discussion
In NR-V2X SI phase, it has been agreed that sidelink HARQ feedback and HARQ combining are supported for unicast and groupcast. SFCI is defined and it includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH. Furthermore, PSFCH is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH. It is noted that NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.

2.1 Feedback to network in mode-1 for unicast

For unicast, when SL HARQ feedback is enabled, the receiver UE, after decoding its associated PSCCH, generates ACK if it successfully decodes the corresponding TB and NACK if it does not succeed. Furthermore, in RAN1#96, it was agreed to support indication from UE to gNB to report the need for retransmission of a TB:

Agreements:

· 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

At RAN1#97 meeting it was agreed to support such indication from at least the Tx UE and that SL HARQ A/N report is to be used.

Agreements:

· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.

Note: this reverts the following agreement from RAN1#96:

· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.

If only Tx UE is supported for reporting need of SL retransmission, there will be high retransmission scheduling delay, since Rx UE has to send HARQ feedback to Tx UE first. Furthermore, it is possible that adjacent PSFCH resources have Reserved and/or DL subframes between them. It is also possible that there will be no PSFCH resources in K<N slot after data transmission, when PSFCH resource periodicity is N = 2 or 4, and PSFCH will be transmitted in the next possible PSFCH resource period. Thus, in scenarios of relatively low latency requirement for certain SL transmissions, with feedback-based retransmission enabled for robustness, it might be not feasible to achieve the latency requirement. Supporting Rx UE as an additional option will address the aforementioned issue and will also reduce the sidelink signalling overhead as Rx UE may not need to transmit SL HARQ feedback in the sidelink in that case.
Proposal 1: Sidelink HARQ ACK/NACK report from receiver UE to gNB is also supported. FFS details on how to decide reporting (Tx and/or Rx) UE.
2.2
HARQ feedback for groupcast
For groupcast, when SL HARQ feedback is enabled, there are two options agreed in RAN1#96b:
Agreements:

· 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

Compared to unicast, the extra NACK only option is reasonable to be supported for groupcast as there will be no confusion on who transmitted ACK in case of connection-less groupcast formation, i.e. when Tx UE may not know which UE is in the same group with it. Also signalling overhead can be kept at reasonable levels when group size is big.
In order to balance the trade-off between excessive signalling and reliability, it may be of interest to use both options simultaneously defining a set of UEs to follow option 1 and another set to follow option 2. For example, UEs who are closer to Tx UE are more likely to correctly receive the transmission; therefore option 1 is probably suitable to avoid multiple ACK messages. On the other hand, UEs farther away may profit from the additional reliability provided by option 2 since, if DTX occurs, this will probably happen within the set of UEs farther away from the transmitter. The boundary of the regions for using each option may depend on channel conditions and group size. It could be (pre-) configured by gNB or informed by Tx UE in SCI.
Proposal 2: Combine options 1 and 2 for HARQ feedback in groupcast. Definition of which UEs to abide by each of the options may be (pre-) configured or informed by Tx UE in SCI.

Furthermore, RAN1 agreements were made at the same meeting regarding the PSFCH resource allocation:
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 in time, frequency and code resource

Generally, allocating separate PSFCH resources per UE in groupcast transmission will require extensive signalling and may be spectrally inefficient. Some or all of the UEs could share PSFCH resources.
Proposal 3: PSFCH resources related to a groupcast transmission may be shared by UEs in the group.
2.3
Conditions to enable/disable HARQ feedback
It is not always beneficial to require SL HARQ feedback from every UE belonging to a group. A Tx UE in group will have to retransmit groupcast transmission even if one Rx UE is perceived to not having correctly received the initial transmission (e.g. when a Rx UE sends back NACK) leading to latency and throughput issues. One has also to consider the increased total interference from such large signaling, especially when option 2 with separate PSFCH is used, as well as the complications in case of half duplex operation. Therefore, a disabling option should be in place. In NR V2X SI, it has been decided to support such HARQ feedback enable/disable ability. It has been agreed that it will at least be left up to network to decide in medium-to-long term basis if specific UEs have enabled or disabled the option for SL HARQ feedback:
Agreements:

· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.

· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback
In addition, when such (pre-)configuration enables SL HARQ feedback, it should be considered if other conditions have to be met for SL HARQ feedback to be actually used. For example, in case of high congestion, it makes sense for network to disable HARQ feedback in order to keep overall signaling at reasonable levels. Also, various QoS parameters could be taken into account to make such disabling decision. 
Another condition to be considered for HARQ feedback disabling is how critical a specific communication between Tx UE and Rx UE is or how critical is the situation considering both Tx UE and Rx UE movement and environment. In some use cases, e.g. within advanced driving or extended sensors use case groups, the exchanged messages have very stringent reliability and latency requirement, e.g. 99.999% and 3ms, respectively. When such critical messages are communicated in groupcast, Rx UE that is in non-critical situation with respect to Tx UE (e.g. UEs are straying away, outside each other’s stopping distances, or within a separated area from each other) could be excluded from sending feedback. For example, consider the scenario where several vehicles are grouped based on distance (e.g. that could be the case around turning junctions or close to traffic lights or even in highways) but different subsets of such vehicles may be on opposing lanes of traffic separated by a central reservation or in safely enough different lanes of same traffic direction or just having a relative distance that is increasing. It would be inefficient to request HARQ feedback for critical message transmissions between such subsets. As another example, consider the VRU use case where vehicle and pedestrian UEs are grouped and exchange V2X messages for avoiding an accident. In LTE, when to trigger V2X message transmission from PUE and for how long the PUE continues the communication is left to implementation. In NR, same practice may be followed e.g. stop/continue based on estimated power level of transmissions and/or distance from VUE(s), maybe with some network assistance introduced for power saving. The results will be the same though regarding HARQ feedback overhead in a densely populated area; e.g. close to a traffic light, large groups of UEs will need to communicate fast and reliably with each other and enabling of HARQ feedback will be undesirable from UEs that are not in direction of collision/accident.
Observation 1: Additional conditions to disable SL HARQ feedback, can be useful to improve system performance and avoid blockages due to signalling overhead.
Proposal 4: In groupcast, when (pre-)configuration enables SL HARQ feedback, support the following condition to disable SL HARQ feedback per Rx UE:

· SL HARQ feedback for critical (e.g. low latency, high reliability) messages is not used when Tx UE and Rx UEs are not in critical situation (e.g. UEs are straying away, outside each other’s stopping distances, or within a separated area from each other).
2.4
HARQ operation based on locality of Tx and Rx UE 
Tx-Rx geographical distance and L1 RSRP
In RAN1#97, the following was agreed regarding the use of Tx-Rx geographical distance in deciding whether to send HARQ feedback:
Agreements:

· 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

In RAN#98 the following was agreed:

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.
According to the above, for the NACK-only feedback option, Rx UE will not send feedback for sidelink data channel if its distance from Tx UE is larger than the communication range requirement. The Tx UE’s location will be indicated by 2nd SCI to Rx UE and there are two possibilities here:
· introduce a field in 2nd SCI payload that will denote Tx-UE location 
· source ID in 2nd SCI can provide implicit information on Tx-UE location.

The second approach can work only if the source ID is associated with a UE ID in application layer and application layer has such location info exchanged. The first approach is more straightforward and does not rely on application layer design. There is some signalling overhead introduced but this can be eased if the concept of geographical zones in LTE is reused in NR. A few bits of the residing zone ID can then be shared by Tx UE to provide a crude but reliable indication of its location. It is possible that in NR there will be the need to configure a finer zone-map to UEs within a large area covered by a cell. While zones in LTE are used to assign resource pools to multiple UEs in one given area, in NR they can be used to control more procedures (including HARQ feedback disabling) which can benefit from finer understanding of UE’s location. For example, it might be useful for some use cases to capture movement towards/from different lanes; or to distinguish opposite directions when existence or non-existence of median strip is interchanged regularly along the highway; or to adjust to UEs’ stopping distances (i.e. thinking + braking distance) when vehicles speed is highly variable. However, even in the case of finer zone-map in NR, overhead from zone ID signalling will still be low.
Proposal 5: To indicate TX UE’s location, it is supported to introduce explicit signalling in SCI and reuse the LTE zone ID concept. 
For groupcast applications requiring higher reliability, for which ACK/NACK feedback is selected (option 2), self-disabling of HARQ feedback by UE out of communication range may pose a problem. Consider UEs in a group performing cooperative manoeuvres for example. If one or more group members lag behind further away than the established maximum communication range from the UE transmitting manoeuvre instructions and disable their HARQ feedback function, Tx UE will detect DTX possibly leading to unnecessary retransmissions. A solution to extend maximum communication range in cooperative groupcast for high reliability applications is necessary.
Proposal 6: A solution to extend maximum communication range in cooperative groupcast for high reliability applications is necessary.
Minimum required communication range/area from Rx-UE point of view
A main motivation for the distance-based approach is the exclusion of HARQ feedback for reduced reliability communications due to increased distance between Tx UE and Rx UE. A further advantage can be that critical communications between UEs can also be excluded of HARQ feedback when they far away enough from each other. Minimum required communication range (MRCR) has been specified by SA2 as a performance requirement to be used for advanced V2X use cases. For enabling/disabling HARQ-ACK feedback in groupcast, use of this range could be useful when the application layer does not form the receiver group (thus, having group member UEs outside the MRCR can be highly likely) or when the receiver group formed by the application layer includes UEs outside the minimum range. 
In groupcast, the minimum required communication range could be translated into a parameter to be passed in e.g. SCI from a Tx UE to Rx UE. Then, the latter can compare this parameter with estimated Tx-Rx distance (based on TX-RX geographical distance information exchange or estimated L1 RSRP) and understand if the enabled HARQ feedback should be actually used for a received message. However, the use of such parameter will be inefficient to address cases of Rx UEs in non-critical situation; the enabling/disabling decision will not take into account the Rx UE circumstances. Therefore, an analogous communication range/area from the Rx UE point of view should be considered for the decision. Such critical communication area (CCA) could be specified like MRCR, i.e. as an Rx-MRCR parameter denoting a circular area. Even better, in order to adjust to the irregular geographical space that UEs may move in, such CCA could be defined in relation to configured geographical zones. CCA understanding per UE can be configured by gNB, e.g. via RRC. According to the surroundings, such CCA configuration could move together with the UE as it moves; or reconfiguration could be used to adjust to an environment change (see Figure 1).
Observation 2: For NR V2X, when (pre-)configuration enables SL HARQ feedback in groupcast, minimum communication range/area from both Tx UE and Rx UE point of view should be considered in deciding whether to send HARQ feedback.
Proposal 7: In order for Rx UE to determine whether to send HARQ feedback in groupcast, Tx-Rx geographical distance should be considered in conjunction with 1) minimum required communication range from Tx UE point of view and 2) minimum communication range/area from Rx UE point of view.
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Figure 1: Critical communication area from Rx UE perspective.
Finally, together with information about its current location (e.g. current zone ID), it can be beneficial that Tx UE shares its future projected location (e.g. within the next X seconds). Such information can be helpful for Rx UE to understand relative movement between itself and Tx UE and identify accurately a critical situation. Projected location information can be also be considered as a solution to tackle the case where up-to-date location information is not available at TX and/or RX. UE Again, for keeping signaling overhead low, zone ID bits (i.e. projected zone IDs) can be indicated to Rx UE.

Proposal 8: For sidelink groupcast, it is supported to explicitly indicate current Tx UE location (i.e. current zone ID) together with future projected Tx UE location (i.e. projected zone IDs). Both can be used in deciding whether to send HARQ feedback. 
3 Conclusions
In this contribution, we provide considerations on sidelink HARQ procedure for NR V2X communication and we reach to the following proposals:  

Proposal 1: Sidelink HARQ ACK/NACK report from receiver UE to gNB is also supported. FFS details on how to decide reporting (Tx and/or Rx) UE.
Proposal 2: Combine options 1 and 2 for HARQ feedback in groupcast. Definition of which UEs to abide by each of the options may be (pre-) configured or informed by Tx UE in SCI.

Proposal 3: PSFCH resources related to a groupcast transmission may be shared by UEs in the group.
Observation 1: Additional conditions to disable SL HARQ feedback, can be useful to improve system performance and avoid blockages due to signalling overhead.
Proposal 4: In groupcast, when (pre-)configuration enables SL HARQ feedback, support the following condition to disable SL HARQ feedback per Rx UE:

· SL HARQ feedback for critical (e.g. low latency, high reliability) messages is not used when Tx UE and Rx UEs are not in critical situation (e.g. UEs are straying away, outside each other’s stopping distances, or within a separated area from each other).

Proposal 5: To indicate TX UE’s location, it is supported to introduce explicit signalling in SCI and reuse the LTE zone ID concept. 

Observation 2: For NR V2X, when (pre-)configuration enables SL HARQ feedback in groupcast, minimum communication range/area from both Tx UE and Rx UE point of view should be considered in deciding whether to send HARQ feedback.
Proposal 6: A solution to extend maximum communication range in cooperative groupcast for high reliability applications is necessary.
Proposal 7: In order for Rx UE to determine whether to send HARQ feedback in groupcast, Tx-Rx geographical distance and/or L1 RSRP should be considered in conjunction with 1) minimum required communication range from Tx UE point of view and 2) minimum communication range/area from Rx UE point of view.

Proposal 8: For sidelink groupcast, it is supported to explicitly indicate current Tx UE location (i.e. current zone ID) together with future projected Tx UE location (i.e. projected zone IDs). Both can be used in deciding whether to send HARQ feedback. 
References

[1]. RP-190766, " New WID on 5G V2X with NR sidelink ", LG Electronics, Huawei
