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1 Introduction
For NR V2X, up to now, RAN2 has made the following agreements specific to SR for NR SL resource allocation mode-1[1][2]. 
	1. Separate SR resources and configurations are supported for UL and SL in NR Sidelink Mode 1

2. Multiple SR resources and configurations are supported for different SL logical channels in NR Sidelink Mode 1

3. For NR Uu controlling NR SL, whether/how to configure separate SR resources and SR configurations for UL and SL is up to gNB implementation (e.g. associating UL LCHs and SL LCHs with different SR configuration IDs respectively)

4. As in NR Uu, the mapping between SR configurations and SL LCHs can be achieved by including in each SL LCH configuration the ID of its associated SR configuration, which is associated with a set of SR resources


In this contribution, we further discuss the issues of SR procedure and configuration based on the progress RAN2 has made.
2 Discussion
2.1 On SR configuration
In NR Uu, each SR configuration corresponds to one or more LCHs and each LCH may be mapped to zero or one SR configuration [3]. For the LCH mapped to zero SR configuration, it means that such a LCH has no associated SR resource. In this case, the UE needs to initiate RA procedure, if SR is triggered by such a LCH.For the NR SL LCH, the above way of mapping between LCH and SR configuraiton should be kept.

Proposal 1: Each SR configuraiton can corredpond to one or more SL LCH, and each SL LCH is mapped to zero or one SR configuration (either those dedicated to SL or those shared by UL and SL).
Proposal 1a: For a SL LCH mapped to zero SR configuration, if the SL BSR is triggred by this SL LCH and the SR is triggred accordingly, the UE shall initiate the RA procedure.
For NR Uu, the SR configuration includes three parameters [4], i.e. schedulingRequestID, sr-ProhibitTimer and sr-TransMax. For the SR configuration dedicated for NR SL, these three paramters are enough, i.e. no need to introduce new parameters.

Proposal 2: As for NR Uu, an SR configuration dedicated for NR SL only includes the paramters SchedulingRequestID, sr-ProhibitTimer and sr-TransMax.
2.2 On SR trigger

In LTE, there are SR triggers specific for SL communication and V2X SL communication as follow [5]:

	If the Buffer Status reporting procedure determines that at least one Sidelink BSR has been triggered and not cancelled:

-
if the MAC entity has UL resources allocated for new transmission for this TTI and the allocated UL resources can accommodate a Sidelink BSR MAC control element plus its subheader as a result of logical channel prioritization:
-
instruct the Multiplexing and Assembly procedure to generate the Sidelink BSR MAC control element(s);

-
start or restart periodic-BSR-TimerSL except when all the generated Sidelink BSRs are Truncated Sidelink BSRs;

-
start or restart retx-BSR-TimerSL;

-
else if a Regular Sidelink BSR has been triggered:

-
if an uplink grant is not configured:

-
a Scheduling Request shall be triggered.


So, the SR trigger conditions in LTE SL can be interpreted as follows:
·  Condition 1: A Regular SL BSR has been triggered and the UE has neither dynamic UL resource allocated for new transmission nor configured UL grant.
·  Condition 2: A Regular SL BSR has been triggered and the UE has UL resources allocated for new transmission, but the UL resource cannot accommodate the SL BSR MAC CE plus its subheader. 

The above trigger conditions in LTE SL should be inherited for the SR trigger in NR SL.

Proposal 3: For NR SL, if a Regular SL BSR has been triggered, the SR shall be triggred if either of the following conditions is satisfied:
1) The UE has neither dynamic UL resource allocated for new transmission nor configured UL grant;

2) The UE has a UL resource allocated for new transmission but the UL resource cannot accommodate the SL BSR MAC CE plus its subheader.
In addition to the above two basic conditions from LTE SL, a new condition for SR trigger has been introduced in NR Uu as highlighted in yellow below [3], i.e. if a regular BSR was triggered but the available UL-SCH resources cannot meet the LCP mapping condition of the LCH that triggered the BSR. We need to give a consideration on whether it is also needed for NR V2X SL.
	The MAC entity shall:

1>
if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

2>
if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the BSR MAC CE plus its subheader as a result of logical channel prioritization:

3>
instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);

3>
start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;

3>
start or restart retxBSR-Timer.

2>
if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:

3>
if there is no UL-SCH resource available for a new transmission; or

3>
if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was triggered for a logical channel for which logicalChannelSR-Mask is set to false; or

3>
if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel that triggered the BSR:
4>
trigger a Scheduling Request.


The reason of introducing such an SR trigger condition is to address the delay requirements of the URLLC traffic, in the case that the UE has a UL resource available but the UL resource could not be used to meet the QoS requirements for the transmission of the URLLC traffic [6]. The case is illustrated in Figure 1 below. At T1, the UE has got from PDCCH a UL grant, which indicates a PUSCH resource at T3 and is allocated to transmit eMBB traffic but not URLLC traffic according to the LCP mapping restriction. At T2, the data of URLLC traffic arrives and triggers a Regular BSR. Then, according to the above trigger conditions for NR Uu, the SR is also triggered and thus can be transmitted in those SR resources between T1 and T3, before the MAC PDU including the BSR is transmitted by the PUSCH resource. With this trigger condition, the delay for the UE to obtain the UL grant for URLLC traffic is reduced, so as to ensure timely gNB scheduling and a subsequent transmission of the URLLC traffic in time. Otherwise, if the SR were not triggered at T2, it could be too late for the UE to transmit the BSR in PUSCH resource at T3 to satisfy the latency requirement of the arriving URLLC data. 
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Figure 1
In NR SL, some V2X services have very stringent delay requirement (e.g. 3 ms for advanced driving and extended sensor [7]) like URLLC. For such services, we think a similar SR trigger condition as above in NR Uu should be considered for NR SL as well, since to satisfy service requirements is the key factor determining how the SR should be triggered. Figure 2 below shows a case that is rather similar to the one shown in Figure 1. At T1, the UE has got an UL grant from PDCCH which indicates a PUSCH resource for UL transmission (but not for SL transmission) at T3. At T2, the data of a V2X service with a stringent delay requirement arrives and triggers a Regular SL BSR. If the SR were not triggered due to the available UL grant without the considering of the similar SR trigger as above in NR Uu, then the UE’s request for SL grant can only be obtained by the NW, after it receive the MAC PDU including the SL BSR at T3. None of SR resources configured for NR SL between T1 and T3 can be applied by the UE to have a faster request for SL resources. Above procedure introduces additional delay, compared with the procedure which, as in NR Uu, triggers the SR at T2 and transmits the SR using the PUCCH resource for SR used for NR SL. The delay may be too long to ensure the QoS requirement of the delay-sensitive V2X service. 
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Figure 2
So, to address this issue shown in Figure 2, we have the following proposal:
Proposal 4: In NR SL, the SR may still be triggered, if a Regular SL BSR has been triggered by a LCH which has V2X service with stringent delay requirement, even though the UE has available UL resources which can accommodate the SL BSR MAC CE plus its subheader. 

Regarding Proposal 4, some companies questioned in the last meeting how the latency of the V2X services is visible in the AS layers, in order to enable it. Below, we provide the answer. For the non-delay sensitive V2X services, if the scenario as shown in Figure 2 occurs, it is not necessary to trigger the SR, since via the SL BSR transmitted at T3 the delay requirement of such V2X services may already be guaranteed. Therefore, whether to trigger the SR in the scenario shown in Figure 2 should depend on the delay requirement of the V2X service that triggered the SL BSR. 
In NR Uu, when a UL resource is available, whether the available UL resources can meet the requirements of the LCH which triggered the Regluar BSR and whether the SR can thus be triggered depend on gNB configuration (i.e. the LCP mapping restriction of each LCHs, with PUSCH length restriction for latency, SCS restriction for reliability, etc.). That is, if the available UL resources can meet the LCP restriction of an LCH, it is regarded as being able to meet the requirements of the services therein; otherwise, it cannot. Considering that in NR SL the SL LCHs and the mapping between V2X services (PC5 QoS flows) and SLRBs/SL LCHs are also configured by the gNB at least for mode-1 transmission [8], we can still rely on the gNB, as in NR Uu, to configure the condition on whether the SL LCH’s requirements can be met and thus whether the SR still needs to be triggered, when UL resources are available to transmit the pending SL BSR. The specific conditions can be FFS. 
Proposal 5: For each NR SL LCH, the gNB configures in which condition the SR should still be triggered, in the case that a Regular SL BSR has been triggered by this SL LCH and the UE has available UL resources to transmit the SL BSR MAC CE plus its subheader. 
2.3 On SR transmission
For the SR transmission, the basic procedure in 5.4.4 of [3] as shown below should be kept.
	As long as at least one SR is pending, the MAC entity shall for each pending SR:

1>
if the MAC entity has no valid PUCCH resource configured for the pending SR:

2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.

1>
else, for the SR configuration corresponding to the pending SR:

2>
when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and

2>
if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:
3>
if SR_COUNTER < sr-TransMax:

4>
increment SR_COUNTER by 1;

4>
instruct the physical layer to signal the SR on one valid PUCCH resource for SR;

4>
start the sr-ProhibitTimer.

3>
else:

4>
notify RRC to release PUCCH for all Serving Cells;

4>
notify RRC to release SRS for all Serving Cells;

4>
clear any configured downlink assignments and uplink grants;

4>
clear any PUSCH resources for semi-persistent CSI reporting;

4>
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.

NOTE 1:
The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
NOTE 2:
If more than one individual SR triggers an instruction from the MAC entity to the PHY layer to signal the SR on the same valid PUCCH resource, the SR_COUNTER for the relevant SR configuration is incremented only once.


Now that we enable the gNB to configure separate SR configurations and SR resources for UL and SL (though up to gNB implementation), here we would like to further discuss two issues for SR transmission as follows:
· Issue 1: Collision between PUCCH SR resource for NR SL and NR UL 
In NR Uu, the collision between PUCCH SR resources for different Uu traffic may happen. e.g., the SR resources for URLLC traffic and eMBB traffic may be overlapped in time. For this type of collision, it was finally agreed by RAN2 in Rel-15 to not specify any rule but to leave it up to UE implementation on how to select the PUCCH SR resource for transmission. This is captured by the Note 1 as highlighted above. 
For the case of collision between PUCCH SR resources for NR SL and NR UL, we currently do not see any new motivation to specify the rules on the PUCCH SR resource selection. Relying still on UE implementation seems to be enough.

Proposal 6: Not specify any extra rule on the PUCCH SR resource selection in the case of collision between PUCCH SR resource for NR SL and NR UL. The following Note in 38.321 is enough.
NOTE 1:
The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.

· Issue 2: Collision between PUCCH SR resource for NR SL and UL-SCH transmission
In NR Uu, as highlighted above (in yellow), the MAC layer will not instruct the PHY layer to signal the SR, if the PUCCH resource for the SR transmission overlaps with a UL-SCH resource. If we follow this principle, it means that, in case the SR is triggered and at the same time the MAC entity has a UL-SCH resource, the triggered SR cannot be sent in NR Uu. By following this Rel-15 manner, there is the issue that if the SR is triggered by delay-sensitive traffic, then a delay for the SR transmission can be caused and may accordingly result in the failure to meet the QoS requirement of the transmission for such traffic in SL. This issue has been discussed in IIoT SI [9], and RAN2 has agreed to address such collision issue for the SR triggered by URLLC data arrival for UL transmission [1]. 
Similar to the IIOT decision, considering some V2X services have very stringent delay requirement like URLLC, e.g. 3 ms, it is proposed that the similar issue specifically for V2X service transmission in NR SL should also be addressed, i.e. collision between SR transmission triggered by SL BSR and UL-SCH transmission. 
Proposal 7: RAN2 to agree that the collision between the transmission of SR triggered by SL BSR and the UL-SCH transmission should be addressed in NR V2X.
2.4 On SR cancellation
For NR Uu, the conditions for SR cancellation are extracted from [3] as below
	When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) triggered prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly①. All pending SR(s) shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the UL grant(s) can accommodate all pending data available for transmission②.


For LTE SL, the conditions for SR cancellation are extracted from [4] as below 
	When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer and ssr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5)①, or, if all pending SR(s) are triggered by Sidelink BSR, when a MAC PDU is assembled and this PDU includes a Sidelink BSR which contains buffer status up to (and including) the last event that triggered a Sidelink BSR (see subclause 5.14.1.4)③, or, if all pending SR(s) are triggered by Sidelink BSR, when upper layers configure autonomous resource selection④, or when the UL grant(s) can accommodate all pending data available for transmission②.


Having an overall look at both NR and LTE, there are the following four relevant conditions for SR cancellation for SL in LTE.

· Condition ①: Pending SR cancellation when UL BSR is included;

· Condition ②: Pending SR cancellation when all pending data has been accommodated;

· Condition ③: Pending SR cancellation when there is only SL BSR triggered SR and an SL BSR is included;

· Condition ④: Pending SR cancellation when UE is configured to use autonomous resource selection mode.
In addition, it should be noted that for NR and LTE in terms of SR cancellation, there are the following two differences, and difference 1 experienced quite a few discussions in Rel-15 NR UP:
· Difference 1: The time point for SR cancellation in Condition ① is different. In LTE, the time point is “when the MAC PDU is assembled”, while in NR the time point is “when the MAC PDU is transmitted”.
· Difference 2: The SR configuration and SR resource for SL can be different. In LTE, the UL and SL shall share the same SR configuration and SR resource, while in NR, the SL can have dedicated SR configuration and SR resource as per our last-meeting agreement.

Bearing these two differences in mind, we will analyse the SR cancellation for NR SL below. If the above SR cancellation conditions are inherited directly to the NR SL, there might be the following two issues which might need to be addressed as observed below. 
· Issue 1
As per above Condition ① in LTE SL, all the pending SR(s), including SR triggered by UL BSR and SR triggered by SL BSR shall be cancelled, as long as the UL BSR is included in the MAC PDU, no matter whether the SL BSR is actually also included. The is reasonable in LTE, because Uu and SL share the same SR resources in LTE, and even if the UE sends only UL BSR, the eNB will allocate the UL grant which could be used for the transmission of the SL BSR in the next UL transmission (especially considering that the SL BSR is usually with higher priority than UL data during UL LCP in LTE). So in this case even if the SL BSR is not included in a MAC PDU, cancelling the SR triggered by the SL BSR with only UL BSR transmitted has no problem in LTE.
Now we check whether this principle in LTE SL shown above (i.e. the SR triggered by SL BSR is always cancelled as long as UL BSR is included in a MAC PDU transmitted
, even if the SL BSR is not included) can be directly reused for NR SL SR cancellation. Let us take the scenario shown in Figure 3 below as an example. If we follow the LTE principle shown above, then in this scenario, the SL SR triggered at T3 shall be cancelled at T4, which means that the SL SR resource at T5 has no chance to transmit the SL SR triggered at T3 anymore. This means that if the PUSCH resource at T4 can only contain the UL BSR without SL BSR, then the UE has to wait for the UL resources to be scheduled by the gNB later for UL data after receiving the UL BSR, to transmit the SL BSR (i.e. the PUSCH resource at T7). However, there can be a problem that in case the traffic triggered the SL BSR and thus the SL SR is a delay-sensitive V2X service like URLLC and the UL resource at T4 is for eMBB transmission, the waiting time for the UL grant scheduled by the gNB later at T7 is too long to meet the latency requirements of the V2X service, since the PUSCH length of the UL resource at T4 may already exceed the latency requirements of the delay-sensitive V2X service, not even mentioning the time waiting for future gNB scheduling at T7.
Observation 1: If as in LTE the SR triggered by an SL BSR is cancelled by a MAC PDU transmitted with only UL BSR included, the UE may have to wait for later gNB scheduling to transmit the SL BSR in UL. However, if the UL resource sending that MAC PDU is for eMBB but the SL BSR was triggered by an SL LCH with URLLC-like V2X data, the waiting time can be too long to meet the latency requirement of SL data.
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Figure 3
· Issue 2
According to the Condition ② for LTE SL, the time point to cancel the SR is after the LCP procedure is finished. Since the SL BSR MAC CE has higher priority than the UL data, this condition in LTE actually implies that the SL BSR has already been included in the MAC PDU. So this cancellation condition is reasonable, since Uu and SL share the same SR resources in LTE and no matter whether the UE sends SR or Uu BSR, the eNB will allocate the UL grant which could be used for transmission of the SL BSR in the next UL transmission. 

Now we check whether this condition in LTE SL shown above can also be directly reused for NR SL SR cancellation. Let us take the scenario shown in Figure 4 as an example. If we follow the above condition to cancel the SR triggered by SL BSR as long as all the UL pending data (and the SL BSR MAC CE) has been accommodated by the UL grant, then in this scenario, the SL SR triggered at T3 shall be cancelled at T4, which means that the SL SR resource at T5 has no more chance to transmit the SL SR. This will lead to the same problem similar as Observation 1, when the SL BSR and the corresponding SR was triggered by the SL LCH with delay-sensitive V2X services but the UL grant to transmit both SL BSR and UL BSR is for eMBB (at T7 in Figure 4). On the contrary, if the SL SR is not cancelled at the T4, the UE can still rely on the SL SR at T5 to request a timely SL grant for its delay-sensitive V2X services’ data transmission. 
To summarize, the Issue we identified by reusing the Condition ② of LTE SL (which is actually also one of SR cancellation conditions of NR Uu) to NR SL is observed as follows: 
Observation 2: If as in LTE the SR triggered by an SL BSR is cancelled as long as all UL pending data (and SL BSR) have been accommodated by the UL resource, the UE may have to await the SL grant scheduled from the gNB based on the SL BSR received from this UL resource. But, if this UL resource sending SL BSR is for eMBB but the SL BSR was triggered by an SL LCH with URLLC like V2X data, the waiting time can be too long to meet the latency requirement of SL data.
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Figure 4
Based on the above discussions and two observations, we proposed RAN2 to discuss how to resolve above two issues on top of existing SR cancellation conditions in both NR Uu and LTE SL.
Proposal 8: RAN2 to discuss how to address the above two issues (as in Observation 1 and 2), on top of the SR cancellation conditions in NR Uu and those in LTE SL.
3 Conclusion

In this paper, we further discuss the SR procedure and configuration based on the RAN2 progress, and had the following observation and proposals:
· For SL SR configuration:

Proposal 1: Each SR configuraiton can corredpond to one or more SL LCH, and each SL LCH is mapped to zero or one SR configuration (either those dedicated to SL or those shared by UL and SL).

Proposal 1a: For a SL LCH mapped to zero SR configuration, if the SL BSR is triggred by this SL LCH and the SR is triggred accordingly, the UE shall initiate the RA procedure.
Proposal 2: As for NR Uu, an SR configuration dedicated for NR SL only includes the paramters SchedulingRequestID, sr-ProhibitTimer and sr-TransMax.
· For SL SR triggers:

Proposal 3: For NR SL, if a Regular SL BSR has been triggered, the SR shall be triggred if either of the following conditions is satisfied:

3) The UE has neither dynamic UL resource allocated for new transmission nor configured UL grant;

4) The UE has a UL resource allocated for new transmission but the UL resource cannot accommodate the SL BSR MAC CE plus its subheader.
Proposal 4: In NR SL, the SR may still be triggered, if a Regular SL BSR has been triggered by a LCH which has V2X service with stringent delay requirement, even though the UE has available UL resources which can accommodate the SL BSR MAC CE plus its subheader. 

· Proposal 5: For each NR SL LCH, the gNB configures in which condition the SR should still be triggered, in the case that a Regular SL BSR has been triggered by this SL LCH and the UE has available UL resources to transmit the SL BSR MAC CE plus its subheader.
· For SL SR transmission:

Proposal 6: Not specify any extra rule on the PUCCH SR resource selection in the case of collision between PUCCH SR resource for NR SL and NR UL. The following Note in 38.321 is enough.

NOTE 1:
The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.

Proposal 7: RAN2 to agree that the collision between the transmission of SR triggered by SL BSR and the UL-SCH transmission should be addressed in NR V2X..
· For SL SR cancellation:

Observation 1: If as in LTE the SR triggered by an SL BSR is cancelled by a MAC PDU transmitted with only UL BSR included, the UE may have to wait for later gNB scheduling to transmit the SL BSR in UL. However, if the UL resource sending that MAC PDU is for eMBB but the SL BSR was triggered by an SL LCH with URLLC-like V2X data, the waiting time can be too long to meet the latency requirement of SL data.
Observation 2: If as in LTE the SR triggered by an SL BSR is cancelled as long as all UL pending data (and SL BSR) have been accommodated by the UL resource, the UE may have to await the SL grant scheduled from the gNB based on the SL BSR received from this UL resource. But, if this UL resource sending SL BSR is for eMBB but the SL BSR was triggered by an SL LCH with URLLC like V2X data, the waiting time can be too long to meet the latency requirement of SL data.
Proposal 8: RAN2 to discuss how to address the above two issues (as in Observation 1 and 2), on top of the SR cancellation conditions in NR Uu and those in LTE SL.
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� Note that due to Difference 1 explained above, the NR Uu SR cancellation happens on the time point when the MAC PDU is actually transmitted.
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