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1 Introduction

In RAN2#104, the following agreements has been reached

Agreements on MAC:

3:
Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

7:
RAN2 should additionally study whether and how to enhance SR procedure/configuration, MAC PDU format, HARQ/CSI feedback/procedure (for groupcast and unicast) (if there is any stage 2 RAN2 issue), and configured SL grant transmission in NR MAC.

In RAN2#106, the following agreement has been reached

Agreements on HARQ feedback support for groupcast: 
1: 
In order to support Option1, no additional AS layer co-ordination or signalling for HARQ feedback resource allocation within the group is required.
In this contribution, we discuss the left issues on HARQ procedure design.
2 Discussion
2.1 HARQ Modelling
In LTE-V2X, the HARQ entity is defined per-carrier, i.e., is agnostic of the number of on-going traffic flows, so similar criterion can be expected for NR. In other words, HARQ buffer, which relates to the UE memory size, should be agnostic to the number of on-going links/traffic/flows.
Considering legacy LTE SL allow maximum 8 SL HARQ process, and NR Uu allows maximum 16 UL/DL HARQ process, 8 or 16 are reasonable number for NR SL.
Proposal 1 RAN2 discuss the number of SL HARQ processes per-carrier, e.g., 8 or 16.

Proposal 2 As in LTE, for each carrier, define one Sidelink HARQ Entity, which maintains a number of parallel Sidelink processes.
2.2 HARQ Feedback enabling/disabling
In RAN1#95, the following agreement has been reached

It is supported to enable and disable SL HARQ feedback in unicast and groupcast.

FFS when HARQ feedback is enabled and disabled.

So it requires a criterion to decide on the usage of HARQ feedback, for which nothing has been agreed yet. 
In more details, in legacy LTE, HARQ retransmission number is dependent on the UE speed, sync type, CBR level and PPPP value. HARQ feedback is introduced in NR-V2X due to the support of unicast / groupcast, which does not exist in LTE.
Observation 1 RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.

For this issue, HARQ feedback cannot be solely decided by AS layer factors (including speed, sync type, CBR levels and etc.), i.e., higher layer input is needed,

· Reliability requirement: HARQ is only needed when the reliability is required;
· Latency requirement: HARQ feedback is necessary when the latency requirement can afford the feedback delay, i.e., blind re-transmission / repetition would be preferred otherwise;

Therefore, QoS attributive should be taken into account, at least considering reliability and latency requirement. Considering it is already agreed in RAN2#104

4a: For V2X transmission in SL unicast, SLRB configurations are NW configured or pre-configured. The configuration of each SLRB may include transmission related parameters which do not need to be known by the peer UE, plus some parameters that are configured also need to be known by the peer UE.

4e: For V2X transmission in SL gouprcast or SL broadcast, SLRB configurations are NW configured or pre-configured. The configuration of each SLRB may include only transmission related parameters which do not need to be known by the peer UEs.

The feedback enable/disable can be implemented as a SLRB configuration in (pre)configuration.

Proposal 3 HARQ feedback enable/disable can be network configured or pre-configured for each SLRB.
There were proposals that to decide on HARQ feedback enable/disable based on CBR.
If one follows LTE solution, the HARQ re-transmission number would be controlled by CBR. Considering this, the logic of additional CBR-based HARQ feedback control seems to control the overhead due to HARQ feedback, even if the data transmission has already been performed
However, since there is always deterministic mapping between PSCCH/PSSCH and PSFCH (as agreed by RAN1#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:
And the resources for the two are TDMed, i.e., orthogonal to each other (as agreed by RAN1#96bis)
At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.

So due to the mapping of PSCCH and PSFCH resource, one can expect similar congestion level of the two resource set. 

· On the one hand, saving the resource for feedback does not bring any benefit for congestion situation of resources used for PSSCH/PSCCH;
· On the other hand, the legacy CBR-based HARQ re-tx number control is already helpful to reduce the congestion of the two resource set simultaneously.

Observation 2 Saving the resource for feedback does not bring any benefit for congestion situation of resources used for PSSCH/PSCCH;

Observation 3 The legacy CBR-based HARQ re-tx number control is already helpful to reduce the congestion of the two resource set (one for PSCCH/PSSCH, the other for PSFCH) simultaneously.

Therefore, we need no benefit of additional CBR-based HARQ feedback control, given the LTE-like CBR based HARQ re-tx number control.

Proposal 4 Not introduce CBR-based HARQ feedback enabling/disabling criterion.
2.3 HARQ re-transmission number

Compared to HARQ feedback enabling / disabling, HARQ re-transmission number is not only related to PQI, i.e., QoS requirement, but also related to CBR value.

Observation 4 HARQ re-transmission number is not only related to PQI but also related to CBR.

Therefore, it is not reasonable to fix this parameter in a per-SLRB way, otherwise

· The HARQ re-transmission number cannot adapt with CBR value;

· There would be LCP impact that data from different SLRB with different HARQ re-transmission number cannot be multiplexed into the same MAC PDU.

Observation 5 Per-SLRB HARQ re-transmission number configuration would cause impact to LCP procedure.

Proposal 5 As in LTE, HARQ re-transmission number is controlled by congestion control mechanism.

2.4 HARQ feedback option selection
In RAN1#96bis, two types of HARQ feedback modes are defined

· 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.

For option-2, in order to provide each Rx UE with feedback resource, there could be different solution, e.g., either one UE (Tx UE or leader UE) to allocate the feedback resources to each Rx UE, or each Rx UE autonomously select the feedback resource from the resource sets.

According to the RAN1#97, it is the latter option that was selected, e.g., Rx UE can base on some input factors (including UE ID) to select the feedback resource, and thus it relies on the randomization to achieve the orthogonal resource division.

· 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.)
Observation 6 For HARQ option-2 in group-cast, RAN1 selected Rx UE autonomous resource selection, which avoids the one-to-one selection from one UE to multiple UEs to allocate feedback resource.

Then a further problem is how to select between HARQ option-1 and option-2. When RAN1 introduced the two options, the intention is to apply either one to the two cases respectively:

· Option-2 for Case-1: Platooning (leader-driven), where the UEs in the group is known (at least by application layer);

· Option-1 for Case-2: Other use-cases w/o leader including extended sensor, where the UEs in the group is unknown;
Considering this, the HARQ option should be a pre-group configuration, since obviously the two group-cast cases (with and without deterministic group members) above would not co-exist for a same group. The key input would be from upper layer, e.g., more detailed group information like whether the number of UEs in the group is known, and what if the number if known. In other words, AS layer has no information on the group-cast types / cases. Considering this, input / assistance from SA2 is needed.

· Firstly, information on whether the UE number in the group is known or not is helpful, for AS layer to selection on HARQ option-1 (if unknown) or option-2 (if known);
· Secondly, the information on the exact number of UE in the group is also helpful, for AS layer to decide on the number of FB resource if option-2 is selected.

Therefore, a LS to SA2 is needed for RAN2/SA2 alignment [5].

Observation 7 Information from upper layer is necessary for AS layer to decide on the HARQ option for group-cast.

Proposal 6 Send LS to SA2, to require input information on more detailed group information, e.g., whether the number of UEs in the group is known and what is the number if known, in order for AS-layer to decide on group-cast HARQ option.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
RAN1 agrees on both enabled and disabled SL HARQ feedback, which is not supported in LTE V2X.
Observation 2
Saving the resource for feedback does not bring any benefit for congestion situation of resources used for PSSCH/PSCCH;
Observation 3
The legacy CBR-based HARQ re-tx number control is already helpful to reduce the congestion of the two resource set (one for PSCCH/PSSCH, the other for PSFCH) simultaneously.
Observation 4
HARQ re-transmission number is not only related to PQI but also related to CBR.
Observation 5
Per-SLRB HARQ re-transmission number configuration would cause impact to LCP procedure.
Observation 6
For HARQ option-2 in group-cast, RAN1 selected Rx UE autonomous resource selection, which avoids the one-to-one selection from one UE to multiple UEs to allocate feedback resource.
Observation 7
Information from upper layer is necessary for AS layer to decide on the HARQ option for group-cast.


And thus we propose:
Proposal 1
RAN2 discuss the number of SL HARQ processes per-carrier, e.g., 8 or 16.
Proposal 2
As in LTE, for each carrier, define one Sidelink HARQ Entity, which maintains a number of parallel Sidelink processes.
Proposal 3
HARQ feedback enable/disable can be network configured or pre-configured for each SLRB.
Proposal 4
Not introduce CBR-based HARQ feedback enabling/disabling criterion.
Proposal 5
As in LTE, HARQ re-transmission number is controlled by congestion control mechanism.
Proposal 6
Send LS to SA2, to require input information on more detailed group information, e.g., whether the number of UEs in the group is known and what is the number if known, in order for AS-layer to decide on group-cast HARQ option.
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