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1.  Introduction
In this paper, we provide our view on the remaining MAC issues for NR-V2X.
2. Discussion
2.1. Issue 1: Consider the priority of UL MAC CE during UL/SL prioritization
In RAN2#108 agreement, we have the following agreement, i.e. consider UL MAC CE as low priority UL data when performing prioritization between SL-TX and UL-TX (only for PUSCH):
RAN2#108 Agreement
Agreements on UL/SL prioritization: 
1: 	For prioritization between SL-TX and SL-triggered SR, it is based on direct comparison between associated LCH priority.
2:	For prioritization between SL-TX and UL-TX (only for PUSCH), for UL MAC CE, rely on LTE solution, i.e., they are treated as if of priority lower than the UL-threshold, so down-prioritized if SL-TX is higher than SL-threshold, otherwise prioritized.
3:	For LTE-UL/NR-SL and NR-UL/LTE-SL, if the two RATs cannot exchange prioritization-related information prior to time of transmission subject to processing time restriction, it is up to UE implementation to decide whether UL or SL to prioritize.
4:	If the two RATs can exchange prioritization-related information prior to time of transmission subject to processing time restriction, rely on LTE solution for LTE-UL/NR-SL and NR-UL/LTE-SL prioritization.
5:	RAN2 does not need to handle the MCG-SL/SCG-UL collision.
Observation 1-1: Based on current agreement, all UL MAC CE is considered as low priority UL data in UL MAC PDU when performing prioritization between SL-TX and UL-TX.
The background of this agreement is that companies have different view on priority of UL MAC CE, and thinks it is troublesome to determine the priority for each UL MAC CE one by one when comparing with SL transmission. Although the reached agreement indeed reduces spec impact, it does cause problems because all UL MAC CEs are considered with the same priority as low priority UL data. For example,
· BSR MAC CE and sidelink BSR MAC CE are considered as low priority. It means even if there is uplink/sidelink data arrival which has a higher priority than the sidelink data included in the overlapped sidelink transmission, the UL/SL BSR should still be postponed. 
· BFR MAC CE and truncated BFR MAC CE are considered as low priority, which may extend the latency for beam failure recovery and thus impact mode-1 scheduling in sidelink.
· Configured grant Confirmation MAC CE and sidelink configured grant confirmation MAC CE are considered as low priority.
As indicated in [1], we think a more natural way is to follow the legacy priority order in LCP procedure (as specified in TS 38.321 subclause 5.4.3.1.3). That is, a UL MAC CE is considered as if of priority higher than the UL-threshold if its priority in LCP is higher than data from any Logical Channel, except data from UL-CCCH; otherwise, the UL MAC CE is considered as if of priority lower than the UL threshold.
In our view, the priority of UL MAC CE in LCP is carefully maintained/discussed in each WI, and thus we don't see the technical reason to ignore the well-maintained priority list when considering UL/SL prioritization. Besides, since the prioritization list is well-maintained, it’s future proof for sidelink communication when in later release there is new UL MAC CE introduced. 
Finally, as noted in [2], in IIoT, it is agreed that “MAC CE is not considered for grant prioritization in Rel-16”. However, based on our understanding, the agreement is reached because of spec simplicity due to lack of companies consensus. Besides, in our view IIoT is actually addressing different scenarios, i.e. the IIoT agreement address the prioritization of overlapped UL grants while here we are considering overlapped uplink and sidelink transmission. So, since the considered scenario is different, we don't see the necessity to apply the IIoT agreement to NR-V2X.
Observation 1-2: Reusing the prioritization list in LCP for UL/SL prioritization excellently address the priority of UL MAC CE, and is future proof for later release.
Proposal 1: The priority of UL MAC CE for UL/SL prioritization follows the priority order specified in LCP procedure.
An exemplary CR is included in Appendix 1, which is quite simple w/o significant MAC spec change.

2.2. Issue 2: HARQ NACK transmission for groupcast option 1 in case Rx UE has no location information
For groupcast option 1, when TX UE provides zone size and Tx UE location, while Rx UE has no location information, it is still an open issue whether UE should send NACK in case a TB is not successfully decoded. Our analysis is below:
· Method 1: Rx UE w/o location information always send NACK
· Case 1-1: Rx UE is within the communication range
· This is the normal case
· Case 1-2: Rx UE is out of the communication range
· Tx UE will need to perform additional HARQ retransmission for each TB due to NACK from any Rx UE which is out of the communication range. This introduces additional HARQ retransmission latency which may strongly impact the support to latency critical services.
· Method 2: Rx UE w/o location information always skip NACK
· Case 2-1: Rx UE is within the communication range
· Tx UE will not receive any NACK from this Rx UE even if the Rx UE is within the communication range. As a result, Tx UE will not perform any re-transmission for this Rx UE without location information, which causes the concern of transmission reliability. 
· Case 2-2: Rx UE is out of the communication range
· This is the normal case
Observation 2-1: Always sending NACK when lack of location information will cause unnecessary HARQ retransmission and thus impact latency performance.
Observation 2-2: Always skipping NACK when lack of location information will not trigger HARQ retransmission and thus cause the concern of transmission reliability.

From observation above, we can see there is a tradeoff between latency performance and transmission reliability. Both KPI are essential and thus we turn to consider the compromising way. For example,
· Option 1: TX UE perform at least n blind HARQ retransmission for each TB in groupcast option 1. 
· By this way, even of a Rx UE w/o location information always skip NACK transmission, the concern of transmission reliability can be reduced.
· Option 2: RX UE w/o location information transmit NACK only for the first n HARQ retransmission of a TB. 
· After the first n HARQ retransmission, the RX UE stops NACK transmission considering that the RX UE itself has a high probability to be out of the communication range. This may eliminate the impact to HARQ retransmission latency.
· Option 3: Tx UE indicates whether a Rx UE w/o location information is expected to send NACK or not based on QoS requirement of data included in the concerned TB.
· Depending on the type of V2X service, the TX UE may expect a RX UE w/o location information to transmit or not transmit NACK. For example, for latency critical V2X service, e.g. involved with real-time video streaming, latency is more critical than reliability and thus it is expected that a Rx UE w/o location information skip NACK. In contrast, if transmission reliability is the main concern, a Rx UE w/o location information should be allowed to send NACK for requesting (limited) HARQ retransmission.
· Therefore, Tx UE can indicate in SCI whether Rx UE w/o location information is expected to send NACK. Tx UE can determine whether NACK is expected based on the characteristic of SLRB whose data is included in the TB, e.g. considering the QoS requirement for packet error rate or packet delay budget.
Proposal 2: RAN2 considers the following three options to determine whether Rx UE w/o location information should send NACK in groupcast option 1:
· Option 1: TX UE perform at least n blind HARQ retransmission for each TB in groupcast option 1.
· Option 2: RX UE w/o location information transmit NACK only for the first n HARQ retransmission of a TB. 
· Option 3: Tx UE indicates whether a Rx UE w/o location information is expected to send NACK or not based on QoS requirement of data included in the concerned TB.

2.3. Issue 3: MAC spec change to handle UL/SL-BCH and UL/PSFCH prioritization
RAN1 has agreed the prioritization rule for UL/SL-BCH and UL/PSFCH which is different from UL/PSSCH prioritization rule agreed in RAN2. RAN1 agreement is reflected in the endorsed TP [3] for TS 38.213, as pasted below:
	16.2.4.3.1	Prioritizations for transmission 
…<ignore the irrelevant part>…
For prioritization between SL transmission of PSFCH/S-SS/PSBCH block and UL transmission other than PRACH/PUSCH scheduled by RAR UL grant/PUCCH to report sidelink HARQ-ACK, 
-  If the UL transmission is PUSCH or PUCCH of priority index 1, 
   -  If sl-PriorityThresholdULURLLC is provided,
-  the SL transmission has higher priority than the UL transmission if the smallest priority value of the SL transmission(s) is smaller than sl-PriorityThresholdULURLLC, otherwise, the UL transmission has higher priority than the SL transmission
   -  else
      - the UL transmission has higher priority than the SL transmission
-  else
-  the SL transmission has higher priority than the UL transmission if the smallest priority value of the SL transmission(s) is smaller than sl-PriorityThreshold, otherwise, the UL transmission has higher priority than the SL transmission


In our view, RAN1’s agreement reflects the intention to prioritize UL traffic for URLLC. As we commented in Question 18 of [2], RAN2 can refer to RAN1 spec in MAC spec when mentioning the transmission of SL-BCH and PSFCH.
Observation 3: RAN1 already agreed PHY spec text to specify UL/SL-BCH and UL/PSFCH prioritization rule.
Proposal 3: RAN2 refers to RAN1 spec for the prioritization rule in the clause for SL-BCH transmission and for PSFCH transmission without considering further enhancement.

2.4. Issue 4: Support mixing blind and feedback-based HARQ retransmission
Based on LS sent from RAN1 [4], whether to support mixing blind and feedback-based HARQ retransmissions is up to RAN2 to make final decision.
Blind HARQ retransmission can quickly retransmission another TB to increase the reliability of this TB, but from Tx UE point of view, Tx UE needs to transmission at least twice. When channel condition is good, it seems no need for Tx UE to waste the transmission power and waste the resource.
Feedback-based HARQ retransmission can precisely use resource for retransmission. However, the drawback is the latency.
Consider both pros and cons in each option, we suggest RAN2 can support on mixing blind and feedback-based HARQ retransmission in R-16 NR V2X.
Proposal 4: RAN2 supports mixing blind and feedback-based HARQ retransmission.

2.5. Issue 5: Clarify the definition of remaining PDB
During the email discussion after RAN1#98bis meeting, the following RAN1 agreements are reached for mode-2 on resource selection window.
	Email approval in [98b-NR-16]:
Agreements:
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1 on 




The term “remaining PDB” is already captured in MAC CR. However, it is still not clear what is the meaning of “remaining” PDB. Current MAC CR only includes the same term as RAN1 agreements without defining it.
Observation 5: The term “remaining PDB” is used in MAC spec but not defined.

The concept of packet delay budget comes from TS 23.501 QoS model, it defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface. In V2X, it is used as a packet may be delayed between two vehicle UEs.
2.5.1. Remaining PDB
Based on the RAN1 agreements and section 8.1.4 in TS 38.214, MAC layer should provide the remaining PDB for the PSSCH/PSCCH transmission to the physical layer in NR V2X resource allocation mode-2. This remaining PDB is used in the physical layer to determine T2/T2min of the resource selection window from which the subset of resources would be selected. After selecting the subset of resources from the window, the physical layer will provide this subset of resources to the MAC layer. The MAC layer can then perform resource selection from the subset of resources for the PSSCH/PSCCH transmission.
In order to provide the remaining PDB for the PSSCH/PSCCH transmission to the physical layer and also to perform resource (re)selection in the MAC layer taking this remaining PDB into account, the MAC layer should determine it first. From SL data point of view, the remaining PDB can be defined as the PDB of a QoS flow defined in TS 23.501 minus the time since SL data generated until the resource reselection. From SL MAC CE point of view, the remaining PDB can be defined as latency bound minus the time since SL MAC CE generated until the resource reselection. Resource reselection will use the calculated remaining PDB for re-selection.
Proposal 5-1: the remaining PDB of SL data can be the PDB of a QoS flow mapped to it minus the time since SL data generated until the resource reselection.
Proposal 5-2: the remaining PDB of SL MAC CE can be the latency bound minus the time since SL MAC CE generated until the resource reselection.
As the resource selection in the MAC layer is intended for the transmission of one or multiple MAC PDUs, the MAC layer should consider the SL data and/or the MAC CE(s) (e.g. SL-CSI reporting MAC CE) pending for transmission. We can take the sidelink logical channel(s) having SL data available for transmission and/or the triggered sidelink MAC CE into account for determining the remaining PDB for the PSSCH/PSCCH transmission, since only these sidelink logical channel(s) having SL data and/or sidelink MAC CE(s) are possible to be included in the MAC PDU for transmission in PSSCH.
Proposal 5-3: Only the sidelink logical channel(s) with SL data available for transmission and/or the triggered sidelink MAC CE are taken into account for determining the remaining PDB for the PSSCH/PSCCH transmission.
For a destination, among all sidelink logical channels with available SL data, it is reasonable that MAC selects the minimum remaining PDB/latency bound as the remaining PDB for the PSSCH/PSCCH transmission, thus can meet the latency requirements for all the sidelink logical channel(s) with available SL data.
Proposal 5-4: The remaining PDB for the PSSCH/PSCCH transmission is the minimum value of the remaining PDB(s) of the sidelink logical channel(s) with SL data available and the latency bound of the triggered sidelink MAC CE for a destination.

3. Conclusion 

In this paper, we provide our view on several critical remaining MAC issues. We have the following observations and proposals:
· Issue 1: Priority of UL MAC CE during UL/SL prioritization
	Observation 1-1: Based on current agreement, all UL MAC CE is considered as low priority UL data in UL MAC PDU when performing prioritization between SL-TX and UL-TX.
Observation 1-2: Reusing the prioritization list in LCP for UL/SL prioritization excellently address the priority of UL MAC CE, and is future proof for later release.

Proposal 1: The priority of UL MAC CE for UL/SL prioritization follows the priority order specified in LCP procedure.



· Issue 2: HARQ NACK transmission for groupcast option 1 in case Rx UE has no location information 
	Observation 2-1: Always sending NACK when lack of location information will cause unnecessary HARQ retransmission and thus impact latency performance.
Observation 2-2: Always skipping NACK when lack of location information will not trigger HARQ retransmission and thus cause the concern of transmission reliability.
Proposal 2: RAN2 considers the following three options to determine whether Rx UE w/o location information should send NACK in groupcast option 1:
· Option 1: TX UE perform at least n blind HARQ retransmission for each TB in groupcast option 1.
· Option 2: RX UE w/o location information transmit NACK only for the first n HARQ retransmission of a TB. 
· Option 3: Tx UE indicates whether a Rx UE w/o location information is expected to send NACK or not based on QoS requirement of data included in the concerned TB.



· Issue 3: UL/SL-BCH and UL/PSFCH prioritization
	Observation 3: RAN1 already agreed PHY spec text to specify UL/SL-BCH and UL/PSFCH prioritization rule.
Proposal 3: RAN2 refers to RAN1 spec for the prioritization rule in the clause for SL-BCH transmission and for PSFCH transmission without considering further enhancement.



· Issue 4: mixing blind and feedback-based HARQ retransmission
	Proposal 4: RAN2 supports mixing blind and feedback-based HARQ retransmission.




· Issue 5: Definition of remaining PDB
	Observation 5: The term “remaining PDB” is used in MAC spec but not defined.

Proposal 5-1: the remaining PDB of SL data can be the PDB of a QoS flow mapped to it minus the time since SL data generated until the resource reselection.
Proposal 5-2: the remaining PDB of SL MAC CE can be the latency bound minus the time since SL MAC CE generated until the resource reselection.
Proposal 5-3: Only the sidelink logical channel(s) with SL data available for transmission and/or the triggered sidelink MAC CE are taken into account for determining the remaining PDB for the PSSCH/PSCCH transmission.
Proposal 5-4: The remaining PDB for the PSSCH/PSCCH transmission is the minimum value of the remaining PDB(s) of the sidelink logical channel(s) with SL data available and the latency bound of the triggered sidelink MAC CE for a destination. 
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5. Appendix: Exemplary TP
5.1. Exemplary TP for issue 1


	5.4.2.2	HARQ process
…<ignore the irrelevent part>…

To generate a transmission for a TB, the HARQ process shall:
1>	if the MAC PDU was obtained from the Msg3 buffer; or
1>	if the MAC PDU was obtained from the MSGA buffer; or
1>	if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer or the MSGA buffer:
…<ignore the irrelevent part>…
2>	if there is a sidelink grant for transmission of NR sidelink communication at the time of the transmission, and if the transmission of NR sidelink communication is not prioritized as described in clause 5.22.1.3.1, or the value of the highest priority of the logical channel(s) in the MAC PDU is lower than ul-PrioritizationThres if ul-PrioritizationThres is configured, or any uplink MAC CE, if included in the MAC PDU, has a higher priority than data from any logical channels except data from CCCH according to the priority order of logical channels as described in clause 5.4.3.1.3, or there is a sidelink grant for transmission of NR sidelink communication at the time of the transmission, and the MAC entity is able to perform this UL transmission simultaneously with the transmission of NR sidelink communication which is prioritized as described in clause 5.22.1.3.1:
…<ignore the irrelevent part>…




5.2. Exemplary TP for issue 3
For prioritization between UL and SL-BCH, we can update MAC spec change similar to the example below:

	<Exemplary MAC spec change for UL/SL-BCH prioritization>
5.23    SL-BCH data transfer
5.23.1    SL-BCH data transmission
When instructed to send SL-BCH, the MAC entity shall:
1> obtain the MAC PDU to transmit from SBCCH;
1>	if there is no uplink transmission; or
1> if the MAC entity is able to simultaneously perform uplink transmission(s) and sidelink transmission at the time of the transmission; or
1> if the other MAC entity and the MAC entity are able to simultaneously perform uplink transmission(s) and sidelink transmission at the time of the transmission respectively; or
1> if the MAC PDU is prioritized over uplink transmission(s) according to clause 16.2.4.3.1 of TS 38.213 [6]:
        1>2>    deliver the MAC PDU to the physical layer and instruct it to generate a transmission.



In contrast, for UL/PSFCH prioritization, the following change can be made:

	<Exemplary MAC spec change for UL/PSFCH prioritization>

5.22.2    SL-SCH Data reception
5.22.2.2    Sidelink HARQ operation
5.22.2.2.2    Sidelink process
<ignore irrelevant part>
1>    if HARQ feedback is enabled by the SCI:
2>    if HARQ feedback corresponding to this TB is configured with [a separate PSFCH resource i.e. option 2]; or
2>    if HARQ feedback corresponding to this TB is configured with [a shared PSFCH resource i.e. option 1] and the communication range calculated with the location information of the associated Sidelink transmission information according to TS 38.331 is smaller or equal to the communication range indicated in the associated Sidelink transmission:
3>	if there is no uplink transmission; or
3> if the MAC entity is able to simultaneously perform uplink transmission(s) and sidelink transmission for HARQ feedback corresponding to this TB at the time of the transmission; or
3> if the other MAC entity and the MAC entity are able to simultaneously perform uplink transmission(s) and sidelink transmission for HARQ feedback corresponding to this TB at the time of the transmission respectively; or
3> if the sidelink transmission for HARQ feedback corresponding to this TB is prioritized over uplink transmission(s) according to clause 16.2.4.3.1 of TS 38.213 [6]:
                    3> 4>    instruct the physical layer to generate acknowledgement(s) of the data in this TB.


5.3. Exemplary TP for issue 5
	[bookmark: _Toc29239799]5.22.1.1	SL Grant reception and SCI transmission
<Omit text>
3>	randomly select the time and frequency resources for one transmission opportunity from the resources indicated by the physical layer according to clause 8.1.4 of TS 38.214 [7], according to the amount of selected frequency resources and the remaining PDB of SL MAC CE and SL data available in the logical channel(s) allowed on the carrier.
[bookmark: _GoBack]NOTE 3: The remaining PDB of SL data is defined as the PDB of the associated QoS flow minus the time since the SL data becomes available for transmission. The remaining PDB of SL MAC CE is defined as the latency bound minus the time since this SL MAC CE is generated. The remaining PDB is the minimum value of that of SL data and SL MAC CE.
3>	use the randomly selected resource to select a set of periodic resources spaced by the resource reservation interval for transmissions of PSCCH and PSSCH corresponding to the number of transmission opportunities of MAC PDUs determined in TS 38.214 [7];
<Omit text>
5>	randomly select the time and frequency resources for one or more transmission opportunities from the available resources, according to the amount of selected frequency resources, the selected number of HARQ retransmissions and the remaining PDB of SL MAC CE and SL data available in the logical channel(s) allowed on the carrier;



