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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This document discussed various MAC issues that are essential for Rel-16 V2X completion.
2 Discussion
Blind HARQ Retransmissions
From NR V2X QoS fulfillment perspective, the minimum performance level should be same as that in the LTE V2X. Therefore, in no case just one shot transmission is to be made i.e. a single transmission without any re-transmission irrespective of whether some/ any receiver(s) have successfully decoded the data (PSSCH) or not. In LTE V2X reliability was assured using blind re-Transmissions. The HARQ feedback design in NR V2X is an optimization to make the system more efficient whenever possible. Blind re-transmissions may however still need to be made if the required reliability is very high and the latency (or more precisely remaining PDB) is not high enough to allow for feedback based retransmissions. Therefore, we assume that BRs are the baseline when feedback based retransmissions can’t or shouldn’t be made.

Proposal 1: One shot transmission is not made in NR V2X i.e. a single transmission without any re-transmission irrespective of whether some/ any receiver(s) have successfully decoded the data (PSSCH) or not, is not made by the transmitter UE.

Proposal 2: Blind retransmissions (BRs) are made when feedback based retransmissions can’t or shouldn’t be made e.g. due to reliability and latency reasons.
Next, who decides if the BRs are to be made and how? For this purpose, we think that the transmitter UE is in the best position to decide this since only the Tx UE knows the current buffer situation (e.g. which is the highest priority data) and that how long a data has been pending for transmission i.e. what is the remaining Packet Delay Budget etc. The decision needs to be made when the SL grant is presented based on the requirement for the highest priority LCH that has data pending for transmission.

Proposal 3: The Transmitter UE decides if Blind retransmissions are to be made.
Minimum communication Range
SA2 indicated previously that an MCR (Minimum Communication Range) may be signaled alongside the PQI for a V2X message. When received, the AS layer should ensure that the corresponding QoS are fulfilled at least within the MCR. For the fulfillment of the MCR, HARQ feedbacks may be used by the transmitter UE to request HF from the receiver to ensure that the receiver(s) are successfully able to decode the data (PSSCH). Two options of HF are used for groupcast communication – popularly known as HF Option 1 and Option 2. Option 1 provides a common NACK resource for all receiver UEs and Option 2 provides Ack/ Nack resource to each of the receiver UE. Currently RAN1 agreed that MCR is only applied when HF Option 1 based feedback is used. This omits discussion/ decision for MCR applicability to HF Option 2. Since, MCR is signalled by the upper/ application layer depending on the QoS situation, which feedback option is used in the lower (AS) layer should be of least interest to an application. If Range (MCR) is provided then it is the job of the lower layer to ensure that the QoS (PQI) is met inside of the Range irrespective of the HF method used. Therefore, we think that for Option 2 based HF also the MCR needs to be fulfilled.
Proposal 4: RAN2 kindly inform RAN1 that for Option 2 based HF also the MCR needs to be fulfilled so that they can consider this in their SCI design.
Further, SA2 informed RAN1 that a group size (along with member IDs) will be indicated to lower layer. Unfortunately, SA2 did not clarify if the indicated group size is for the member UEs that are currently under MCR or not. If the transmitter UE can’t be sure about this information, then it does not know basically how many feedbacks are to be expected and therefore it can’t make a good conclusion on the DTX-ed feedback – meaning that if a certain receiver did not provide feedback since it failed to receive the SCI or if did not provide the feedback since it was outside of the MCR range!! The transmitter behavior will be very different in each case. Therefore, SA2 should confirm if the group size indicated to the lower layer is for the member UEs that are currently under MCR or not.
Proposal 5: RAN2 request SA2 to confirm if the group size indicated to the lower layer is for the member UEs that are currently under MCR or not.
Restricting the number of NACK feedbacks when the Rx location is not available
RAN1 intends RAN2 to work on a scenario where a Rx UE when not having access to its location should not transmit NACK each time when it fails to decode the PSSCH i.e. too NACKs from a Rx UE that might indeed be outside the MCR will lead to un-necessary retransmission. 
As one possibility, to limit the number of Nack feedbacks when a receiver UE that does not have access to its location, upon not decoding PSSCH successfully transmits only a limited number of NACK feedbacks for a TB. The limited number is (pre)configured or specified. If it still fails to decode the PSSCH, after exceeding the said new threshold, it shall not provide Nack feedback anymore for the same TB; Ack feedback may anytime be provided. As an example, maximum number of Nack feedback when a UE’s location is unavailable can be capped at a fixed value like ‘1’. 
As another possibility, Rx UE sends NACK only when the RSRP (pathloss) of the Tx UE is above (less) a threshold; otherwise the feedback is not sent. This ensures that the receivers that are far off from the transmitter do not provide negative HARQ feedback.
Since this should be a rare case that a vehicular UE does not have or has lost access to its own location (e.g. in Tunnel), the solution to minimize the un-necessary retransmission should not be an overkill. Therefore, we prefer a simple solution. The first possibility with some cap value of such blind Nacks is sufficient in our view.
Proposal 6: A maximum value of blind Nacks i.e. HARQ Nack feedback when the Rx UE’s location is not available is specified or (pre)configured.
SL HARQ protocol aspects
One aspect which should be discussed is whether a V2X Tx UE is allowed to switch the cast type for different HARQ (re)transmissions of a TB transmitted on the PSSCH. For example a V2X Tx UE may perform the initial transmission of a TB in a groupcast mode, whereas potential HARQ retransmissions are performed in the unicast mode, i.e. HARQ retransmission are performed to individual V2X Rx UEs in order to increase the reliability of the reception.  For the initial transmission of the TB the Tx UE selects one of the SL HARQ processes, e.g. a SL HARQ process for which there is no pending HARQ (re)transmission. In case one or multiple UEs of the group were not able to successfully decode the TB, it might be beneficial to perform unicast retransmissions in order to benefit from higher link efficiency by applying e.g. a better link adaption scheme. From HARQ protocol point of view the Tx UE could use the SL HARQ process selected for the initial transmission also for the (multiple) unicast HARQ reTx(s) to the different receiving UEs. For each HARQ retransmission to one of the receiving UEs the Tx UE is still able to use a different redundancy version. The Tx UE maintains an independent HARQ status/context, e.g. RV, NDI status, received HARQ feedback, for each of the receiving UEs. Only if all of the receiving UEs have successfully received the TB the SL HARQ process can be used for the transmission of a new TB. 
Proposal 7: A V2X Tx UE is allowed to switch from a groupcast to unicast transmissions for HARQ retransmissions.
As already agreed before the SL HARQ processes/buffer is shared between different cast type transmissions. Given this and the fact that a Tx UE might be in communication with multiple Rx UEs at the same time, it is therefore important to define an upper delay bound for the usage of a HARQ process/Tx buffer for a given SL transmission. Otherwise a HARQ process would be blocked for other SL transmissions.
Proposal 8: upper bound for usage of a HARQ process at the transmitting side should be defined. 
We think that the upper bound for a SL transmission should be linked to the QoS requirements, e.g. PDB, of the data transmitted within the corresponding TB. In order to ensure that there are no further SL transmissions of a TB beyond the PDB associated with the data contained in the TB, the V2X Tx UE starts a timer to control the maximum transmission time of a TB. Such timer should be started once a TB is generated and stored in the HARQ transmission buffer. The timer value is set by the transmitting Tx UE according to the packet delay budget (PDB) of the data contained in the transport block, e.g. timer is set to a value according to the PDB value of the highest priority SL LCH having data within a TB or according to the minimum PDB value of the SL LCHs having data within a TB. While the timer is running the V2X TX UE is allowed to carry out HARQ (re)transmissions of the TB. Upon expiry of the timer the UE shall not make any further HARQ (re)transmission of the TB. The corresponding HARQ processes can be considered as available for other SL transmissions upon expiry of the timer. 
Proposal 9: A timer is used to control the maximum transmission time of a SL TB. The timer value is set according to the PDB value of the data contained in the TB
Proposal 10: Upon expiry of the timer the Tx UE considers the corresponding HARQ process as available for new initial HARQ transmissions, e.g. the HARQ process can be used for a new transmission on the received SL grant (mode 1) or selected SL grant (mode 2).
For mode 1 SL transmissions we think that a V2X TX UE should consider a HARQ process as available for the transmission of a new TB upon having sent an ACK to the gNB for the TB currently stored in the transmission buffer of that HARQ process. According to the current NR Rel-15 standard the HARQ transmission buffer of a UE is controlled solely by the NW by means of the New Data Indicator (NDI) signaled for a given HARQ process within a DCI. In case UE receives a DCI containing an NDI value which is toggled compared to the last received NDI value for the same HARQ process the UE will store another generated TB in the transmission buffer of this HARQ process and hence delete the previously stored TB. However as already mentioned above, there should be some upper limit defined for how long a TB is stored in the transmission of a HARQ process respectively it should be specified when the Tx UE can use a HARQ process for the transmission of a new TB, e.g. mode 1 or mode 2 transmission.
Proposal 11:  Upon having sent an ACK to the gNB for a mode 1 SL transmission, the V2X Tx UE considers the corresponding HARQ process as available for new transmissions, i.e. the V2X Tx UE can use the HARQ process for the transmission of a new TB.
In NR UL a ConfiguredGrantTimer (CGT) has been introduced in order to avoid that UE overwrites an TB stored in a HARQ buffer for which gNB may want to schedule further retransmissions. For Sidelink configured grant transmissions in NR V2X, we also think that a timer should be used in order to avoid the overwriting of TBs stored in a HARQ buffer. Tx UE performs a new initial transmission on a CG resource for HARQ process when the corresponding timer is not running. However, we think that there are also SL specific aspects which should be considered when defining the start/stop conditions for the timer. For example, Tx UE may have some knowledge whether TB was successfully received based on PSFCH which should be considered for the timer handling (start/stop), i.e. in case an ACK is received on PSFCH the corresponding timer is stopped. Furthermore, depending on whether ACK or NACK is sent on PUCCH (if configured) to gNB the timer may be either stopped or (re)started. 
Proposal 12: A timer, which is maintained per HARQ process, is used for NR V2X at the Tx UE in order to avoid overwriting of TBs stored in a HARQ buffer.
We think that only one timer is needed which controls the maximum transmission time of a TB and at the same time avoids the overwriting problem for configured grants. The timer is only started at the initial transmission of a TB. The transmission could be an initial transmission on a dynamically scheduled SL resource or on a configured grant resource. The timer value is set such that it allows for certain number of retransmissions of the TB which are still within the PDB of the TB. Upon reception of an ACK for the (re)transmission of the TB on PSFCH, the UE considers the timer as expired, i.e. no further retransmissions are required. The reception of a SL grant (DCI) indicating a new transmission for the same HARQ process respectively the corresponding SL transmission (initial transmission) will (re)start the timer. Upon expiry of the timer the UE may flush the HARQ buffer of the associated HARQ process and consider the HARQ process as available for another SL transmission, e.g. UE may generate a new TB and store for transmission in the HARQ buffer/process.

Proposal 13: One common timer, which is maintained per HARQ process, is used at the Tx UE for controlling the maximum transmission time of a TB and at the same time avoids the overwriting problem for configured grants. The timer is started at the initial transmission of a TB and considered as expired at the reception of an ACK on the PSFCH or the reception of a SL grant scheduling an initial transmission for the same HARQ process. 

The UE behavior upon detection of an control channel error, e.g. NACK-to-ACK error on the Uu interface, should be further discussed in RAN2 as this issue is according to RAN1 LS FFS. Even though simultaneous support of mode 1 and mode is not supported for Rel-16, one simple behavior would be to allow the UE to switch autonomously to mode 2 for such cases and allow for further retransmissions of a TB  as long as the maximum allowed transmissions time of a TB is not yet expired. Such control channel errors may lead to a situation where the Tx UE sending an NACK to the gNB in order to request SL resources for further HARQ retransmission, doesn’t receive a DCI allocating SL resources for a retransmission but for an initial HARQ transmission instead since the NACK was detected by the gNB as an ACK. In order to avoid a packet loss in such a situation, the Tx UE should be allowed to perform further HARQ retransmissions of this TB. 
Such error case, where Tx UE expects SL resources for a HARQ retransmission but actually receives a DCI indicating SL resources for an initial transmission, may also happen in case a DCI (sent bv gNB) indicating SL resources for an HARQ retransmission is not detected by the Tx Ue, i.e. DCI miss-detection, and the corresponding DTX on the feedback channel is detected as an ACK by the gNB. It should be noted that there is also currently a FFS for the HARQ protocol behavior, e.g. NDI, HARQ process handling, in the event of control channel errors. 
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Figure 1: exemplary scenario for NACK-to-ACK error case

Proposal 14: RAN2 to define the Tx UE behavior upon detection of a control channel error on the Uu interface for a SL transmission in mode 1, e.g. NACK-to-ACK error, e.g. allowing  the UE is to perform further HARQ retransmissions of a TB in mode 2 as long as the maximum transmission time of the TB has not yet expired. 

In NR V2X, in addition to broadcast traffic, a UE also needs to handle groupcast and unicast traffic.  In the case of unicast, a pair of UEs may also have multiple unicast links with different source/destination ID pairs and separate HARQ buffers need to be maintained for each of these links.  In addition, HARQ feedback for unicast in NR V2X may result in a need to maintain each HARQ buffer for a longer period of time compared to blind retransmission.  For these reasons, the number of parallel transmissions requiring a separate HARQ process at the UE will increased compared to LTE. LTE did not specify rules for HARQ process management at the RX UE, and it was left to UE implementation to avoid running out of HARQ processes, and what to do in this scenario.  
For NR V2X, flushing the HARQ buffer following the reception of a new transmission SCI is already specified as of RAN2#108 meeting  
Agreements on HARQ: 
1: 	The Rx UE can flush the buffer of the HARQ process and consider it as available when a new transmission SCI is received for this HARQ process (for the existing source, destination ids, cast type and HARQ process id).
[bookmark: _Hlk31737247]This allows reuse of a HARQ process when the same process ID is used by the TX UE for a new transmission.  However, this frees up a HARQ process only when the TX UE performs a new transmission.  In cases where the TX UE does not perform a new transmission, the RX UE may still receive new transmissions from other TX UEs and should avoid cases where those new transmissions cannot be decoded because of a lack of HARQ processes. 
For NR V2X, the maximum number of transmission of a TB is configured per priority per CBR range of the TX UE. The TX UE may determine the number of transmissions for one TB within the configured range of transmissions. The TX UE may stop transmission of one TB (before reception of HARQ ACK) due to multiple reasons such as the UE’s transmission reaches CR limit, the UE reaches the maximum configured number of transmission for the TB, or to UE fails to select a resource for transmission. 
Since the RX UE is not aware of when the TX UE will stop retransmissions for a HARQ process, it may unnecessarily keep the HARQ buffer of the TB for longer than needed which may affect the reception of other TBs. Each TB has its required latency, which is related to the L1 priority in the SCI. The reception of one TB is considered a failure if the TB is received beyond its required latency. Therefore, the period to release the HARQ process for each TB can be based on the L1 priority of the initial transmission.
Proposal 15:	For unicast/groupcast, Rx UE releases the HARQ process following a (pre)configured time period related to the L1 priority of the initial transmission.
An RX UE may use all of its HARQ processes since it may receive multiple transmissions from unicast, groupcast, and broadcast from different UEs. To avoid scenarios where the UE misses high priority TBs due to the limitation in the number of RX HARQ processes, the reception of the high priority TB should be prioritized over existing lower priority TBs which already have HARQ resources assigned.  One way to do this is to allow the UE to release the low priority HARQ process to receive the high priority TB when it has no remaining HARQ processes.
Proposal 16: The UE releases a low priority HARQ process when it receives a new transmission of a higher priority and has no remaining unused HARQ processes.
SL and UL BWP Numerology Mismatch

RAN1/2 agreed to define a BWP for NR sidelink. Furthermore in a licensed carrier, SL BWP is defined separately from the BWP of the current active UL BWP from specification perspective. Recently RAN1 reached the following agreement w.r.t SL BWP handling, which is specified in TS38.213:
The UE expects to use a same numerology in the SL BWP and in an active UL BWP in a same carrier of a same cell. If the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated.
Current CR to TS38.321 specifies the requirements on BWP operation for sidelink:

	5.15.y	Sidelink
In addition to clause xx of TS 38.213 [6], this clause specifies requirements on BWP operation for sidelink.
The MAC entity is configured with at most a single SL BWP where sidelink transmission and reception are performed.
For a BWP, the MAC entity shall:
1>	if the BWP is activated:
2>	transmit PSBCH on the BWP, if configured;
2>	transmit PSCCH on the BWP;
2>	transmit SL-SCH on the BWP;
2>	receive PSFCH on the BWP, if configured.
2>	receive PSBCH on the BWP, if configured;
2>	receive PSCCH on the BWP;
2>	receive SL-SCH on the BWP;
2>transmit PSFCH on the BWP, if configured.



According to the RAN1 agreement, UE autonomously deactivates the SL BWP for cases when there is a numerology mismatch between the SL BWP and the active UL BWP. Deactivating the SL BWP means basically that no SL transmission and reception is performed on the corresponding carrier/serving cell. RAN2 needs to further discuss the implication of the above agreement e.g. to see how a “deactivated” SL BWP is re-activated in order to re-enable SL communication on the serving cell.
In our understanding there is no explicit SL BWP activation/deactivation procedure like defined for the Uu BWP operation. Here the BWP status (activated/deactivated) is controlled by a PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure. 
Since there is only one configured BWP for sidelink, we propose that the SL BWP shall be considered to be always active unless there is a numerology mismatch. Therefore in order to reactivate a “deactivated” SL BWP, gNB should switch the UL BWP accordingly, so that the same numerology is used in the SL BWP and in the active UL BWP.
Proposal 17: The configured SL BWP is considered as activated if the active UL BWP numerology is same as the SL BWP numerology.  
QoS based resource pool [2]
In LTE D2D, priority-based resource pool is defined, and pool selection is performed when create SL grant. In LTE V2X phase, priority-based resource pool is not introduced, since there has sensing based resource selection, together with transmission parameter adaption, LTE V2X service QoS can be guaranteed. For NR V2X, there has much higher service requirement, e.g. up to 3ms latency requirement and 10-5 reliability requirement. Legacy resource pool mechanism designed for LTE V2X service requirement, which is expected to be 20ms latency requirement, may not enough anymore for NR V2X service requirement. Besides, more dynamic data transmission is expected for NR V2X service, which further increase resource collision probability among V2X UEs perform resource selection in single resource pool, and further degrade the NR service quality. In this sense, QoS based resource pool is necessary to be introduced for NR V2X.
Observation 2: It is necessary to introduce QoS based resource pool for NR V2X, to guarantee QoS of advanced V2X service
If QoS based resource pool is supported, high-QoS specific resource pool is used for transmitting high QoS V2X services. Resource pool usage restriction can be configured or preconfigured by NW based on service QoS requirement, e.g. PQI or any parameter can reflect the QoS profile. Then V2X UE will perform resource pool usage determination before using the resource pool, based on the (pre)configuration. Such kind of resource pool usage determination can be triggered by SL grant creation, which is similar as legacy LTE D2D, or can be triggered when new PC5 QoS flow arrives or is mapped to SLRB, consider currently the PC5 QoS structure is based on PC5 QoS flows. Then V2X UE can use the high QoS specific resource pool to transmit high QoS V2X service. In such way, resource pool can serve more stringent QoS requirement for advanced V2X service in NR V2X
Proposal 18: If QoS based resource pool is supported, V2X UE performs resource pool management based on service QoS requirement.
RLF using HARQ feedback
In RAN2#110e, HARQ feedback (or absence of it) was agreed to be a basis for RLF declaration. The higher layer “Keep Alive” message is deemed to be slower and RAN1 did not design any RLM RS for RLM purposes for this purpose. Having agreed to using HARQ feedback as a basis for RLF, RAN2 now needs to look at the next level details – e.g. the HARQ feedback and RLF procedure in absence of data!
As one solution, following mechanism is proposed to be used in such case:
1. UE (e.g. MAC) indicates UE Phy layer that no more data is available for a particular destination when RLC and PDCP buffer(s) for this destination is empty. 
2. Upon this knowledge (that no more data for a particular destination is available in the L2 upper layers), Phy layer keeps re-transmitting the last data packet (TB) until a certain timer, or until new data becomes available for transmission.
a. The said timer is a single radio link monitoring timer for a particular destination UE; and is (re)started by the transmitter upon receiving a feedback from the said destination UE. 
b. A particular destination UE is identified using one or more of its L2 destination Id, an application layer identifier, or as a link identifier between the source and destination UE e.g. like a PC5 RNTI or a layer-1 identifier.
3. Once PDB is exceeded corresponding to the last transmission towards a particular destination, and there’s no further (new/ not yet transmitted) data available for transmission, the time interval to the next re-transmission will be T1 (from last transmission before PDB expiry), T2 from the first re-transmission after PDB expiry, T3 from the second re-transmission after PDB expiry, and so on.
a. T1 <= T2 <= T3 <= T4 and so on. The timer periods could be in milliseconds or could be in number of NR slots for the corresponding numerology in use.
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Figure 2: Transmissions before and after the PDB is exceeded
Proposal 19: RLM is performed based on HARQ feedbacks and when no new data is available for transmission, the transmitter UE seeks feedback by re-transmitting data according to increasing time intervals after the PDB expiry, until a certain Timer expiry.

3 Conclusions
This document discussed a number of remaining MAC issues. Following proposals are made: 
Proposal 1: One shot transmission is not made in NR V2X i.e. a single transmission without any re-transmission irrespective of whether some/ any receiver(s) have successfully decoded the data (PSSCH) or not, is not made by the transmitter UE.

Proposal 2: Blind retransmissions (BRs) are made when feedback based retransmissions can’t or shouldn’t be made e.g. due to reliability and latency reasons.

Proposal 3: The Transmitter UE decides if Blind retransmissions are to be made.

Proposal 4: RAN2 kindly inform RAN1 that for Option 2 based HF also the MCR needs to be fulfilled so that they can consider this in their SCI design.

Proposal 5: RAN2 request SA2 to confirm if the group size indicated to the lower layer is for the member UEs that are currently under MCR or not.

Proposal 6: A maximum value of blind Nacks i.e. HARQ Nack feedback when the Rx UE’s location is not available is specified or (pre)configured.

Proposal 7: A V2X Tx UE is allowed to switch from a groupcast to unicast transmissions for HARQ retransmissions.

Proposal 8: upper bound for usage of a HARQ process at the transmitting side should be defined. 

Proposal 9: A timer is used to control the maximum transmission time of a SL TB. The timer value is set according to the PDB value of the data contained in the TB
Proposal 10: Upon expiry of the timer the Tx UE considers the corresponding HARQ process as available for new initial HARQ transmissions, e.g. the HARQ process can be used for a new transmission on the received SL grant (mode 1) or selected SL grant (mode 2).

Proposal 11:  Upon having sent an ACK to the gNB for a mode 1 SL transmission, the V2X Tx UE considers the corresponding HARQ process as available for new transmissions, i.e. the V2X Tx UE can use the HARQ process for the transmission of a new TB.

Proposal 12: A timer, which is maintained per HARQ process, is used for NR V2X at the Tx UE in order to avoid overwriting of TBs stored in a HARQ buffer.

Proposal 13: One common timer, which is maintained per HARQ process, is used at the Tx UE for controlling the maximum transmission time of a TB and at the same time avoids the overwriting problem for configured grants. The timer is started at the initial transmission of a TB and considered as expired at the reception of an ACK on the PSFCH or the reception of a SL grant scheduling an initial transmission for the same HARQ process. 

Proposal 14: RAN2 to define the Tx UE behavior upon detection of a control channel error on the Uu interface for a SL transmission in mode 1, e.g. NACK-to-ACK error, e.g. allowing  the UE is to perform further HARQ retransmissions of a TB in mode 2 as long as the maximum transmission time of the TB has not yet expired. 

Proposal 15: For unicast/groupcast, Rx UE releases the HARQ process following a (pre)configured time period related to the L1 priority of the initial transmission.

Proposal 16: The UE releases a low priority HARQ process when it receives a new transmission of a higher priority and has no remaining unused HARQ processes.

Proposal 17: The configured SL BWP is considered as activated if the active UL BWP numerology is same as the SL BWP numerology.

Proposal 18: If QoS based resource pool is supported, V2X UE performs resource pool management based on service QoS requirement.

Proposal 19: RLM is performed based on HARQ feedbacks and when no new data is available for transmission, the transmitter UE seeks feedback by re-transmitting data according to increasing time intervals after the PDB expiry, until a certain Timer expiry.
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