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1 Introduction

During RAN2#100, the following agreements were made for the SR procedure in NR:
Agreements:

1. Single SR configuration with single SR ID covers PUCCH configurations for one or more BWPs and PUCCH SCell
2. maximum of 8 SR configurations should be supported per MAC entity

3. SR configuration ID is configured in LCH configuration for the mapping between SR configuration and LCH.

4. If there are SR configurations but a mapping is not configured for a LCH assigned to a LCG, a RACH is triggered.   

5. Use absolute time as unit for sr-ProhibitTimer
6. logicalChannelSR-ProhibitTimer is per MAC entity and logicalChannelSR-Prohibit is set per LCH as in LTE, no other special handling for the timer is introduced.

7. rename logicalChannelSR-ProhibitTimer to logicalChannelSR-DelayTimer to distinguish from sr-ProhibitTimer
8. there can be multiple pending SRs per MAC entity.

9. for each pending SR, the SR configuration of the LCH that triggers the BSR is used for SR transmission. 

10. For SR triggered by retxBSR-Timer expiry, the UE uses the SR configuration of the highest priority LCH that has data available for transmission
11. As in LTE, all pending SR(s) shall be cancelled and sr-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, or when the UL grant(s) can accommodate all pending data available for transmission. (already captured in the running TS.)

12. SR is sent when there is no overlapping PUSCH and PUCCH collision for the case of retransmission

13. As in LTE, SR is sent only if it does not collide with measurement gap

14. the SR configuration on PUCCH SCell is kept when the SCell is deactivated as in LTE

15. the SR configuration on a BWP is kept when the BWP is deactivated/switched.

=>   confirm the agreement on triggering RACH when there is no SR configured for the LCHc cancel only the concerned SR that does not have SR configuration mapping. 

=>
for triggering an SR when there is already a grant, use as a baseline what is in the current TS “for immediate transmission” however companies can study until next meeting if there are additional changes needed.  


In addition, the following was agreed in RAN1#91:
	Agreements:

· For each “SR configuration”, the following is indicated via RRC 
· A periodicity and offset which identify the slots/symbols to be used for SR
· FFS the offset for the SR periodicity shorter than one slot for a given SCS
· Non-periodic SR solutions to meet URLLC latency requirements are not precluded
Slide 4 in R1-1719195 is agreed



Content of Slide 4:

· At least support following as the periodicity of resources for SR
· FFS other values with taking into account the alignment with 14 symbols
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1,2,5,10,20,40,80

	30
	2 symbols, 7 symbols, 0.5,1,2,5,10,20,40,80

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20,40,80

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20,40,80


2 Discussion 
2.1 SR Cancellation due to SR Failure
During RAN2#100, it was agreed that there could be multiple pending SRs per MAC entity, with one pending SR at most per SR configuration. As per the scheduling request section of TS 38.321 [1], if the SR_COUNTER reaches sr-TransMax for a certain SR configuration, all other pending SRs are cancelled: 
	As long as at least one SR is pending, the MAC entity shall for each pending SR:
[…]

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


Observation 1:
d-SR failure for a single SR configuration results in the cancellation of all other pending SRs, per current NR MAC specifications.
Such cancellation happens regardless of the logical channel priorities corresponding to the other pending SRs. Such behaviour could result in additional latency, and thus not meeting the QoS latency budgets for certain LCHs. For instance, a low priority logical channel carrying best effort data can be mapped to an SR configuration with high PUCCH loading; when sr-TransMax is reached for such SR configuration, other pending SR(s) for higher priority logical channels mapped to other SR configurations are also cancelled. This is illustrated in Figure 1.

[image: image1]
Figure 1: illustration of pending SR cancellation for higher priority LCHs due to d-SR failure on lower priority LCHs.
Observation 2:
Pending SRs on higher priority SR configurations can be cancelled due to reaching sr-TransMax for a lower priority LCH.
Different SR configurations will inherently have a failure probability in relation to the QoS level of their corresponding service, as well as the loading on the corresponding PUCCH resources. It is assumed that the probability of d-SR failure for PUCCH configuration for a LCH mapping to URLLC is considerably lower than that of lower priority LCHs. without overprovisioning of PUCCH resources for other LCHs to reach same failure probability level as most stringent service, the rate of SR failure of the least reliable SR configuration will propagate to all other SR configurations. This may lead to service interruption that unacceptable for higher reliability services.
Observation 3:
Without overprovisioning of PUCCH resources for lower priority LCHs to reach same failure probability level as most reliably service, the SR failure rate of the least reliable SR configuration will set the d-SR failure probability for all other SR configurations.
In order to avoid cancelling other pending SRs of higher priority LCHs, reaching sr-TransMax for a given SR configuration should result in only cancelling the corresponding SR configuration on which d-SR has failed. This way other pending SRs for other SR configurations are not cancelled, and RACH and SR procedure can happen concurrently.

It is worth noting that for logical channels not mapped to any SR configurations, triggering an SR directly results in cancelling only the corresponding pending SR while not cancelling other pending SRs. After that, a RA procedure is initiated, which does not prohibit transmitting an SR for another pending SR: 
	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;


Observation 4:
For a LCH not mapped to any SR configuration, when an SR is triggered, a RA procedure is initiated and only the corresponding pending SR is cancelled.

Observation 5:
In the scenario described in observation 4, RACH and SR can be sent simultaneously, if there is a pending SR for a different LCH with a valid PUCCH resource during the RA procedure.

Proposal 1:
Upon reaching sr-TransMax for a certain SR configuration, the MAC entity shall only cancel the corresponding pending SR.
As per the scheduling request text of the current TS, if the SR_COUNTER reaches sr-TransMax for a certain SR configuration, all configured uplink grants and downlink assignments are cleared and RRC is notified to release all PUCCH resources and SRS in all serving cells, even though such can happen due to reach sr-TransMax on an SR configuration associated with a low priority LCH. Such behaviour is undesirable when the MAC entity is configured with UL configured grants -either type 1 or type 2- for high priority or URLLC data transmission. In such case, a d-SR failure for a low priority LCH should not result in clearing all uplink grants and downlink assignments.

Proposal 2:
if sr-TransMax is reached for a certain SR configuration and there are no other pending SRs, the MAC entity shall clear uplink grants and downlink assignments and notify RRC to release all PUCCH resources and SRS in all serving cells.
2.2 SR Triggering 
In the MAC TS rapporteur’s open issues document, the following issue is outstanding:
	[Issue 5.4.5-4] The change "if UL-SCH resources are available for a new immediate transmission” is based on the following baseline from RAN2 #100, but may be changed if necessary based on further discussion:

=> For triggering an SR when there is already a grant, use as a baseline what is in the current TS “for immediate transmission” however companies can study until next meeting if there are additional changes needed.  



This open issue deals with SR triggering condition, whether there is an available UL-SCH resource or not prior to triggering SR. The question here is how far in the future -relative to when BSR is triggered- is an UL-SCH resource considered to be valid? As per the text in the current TS, a resource is considered valid only if the uplink resource is available at the same time when the SR triggering condition is evaluated:
	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 immediate transmission:

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

3>
if an uplink grant is not a configured grant; or
3>
if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

4>
trigger a Scheduling Request.


Observation 6:
An SR can be triggered despite having an UL-SCH resource with a start delay relative to the time when BSR is triggered, per current NR MAC specifications

Companies expressed various alternatives to this baseline, including configuring or specifying a fixed time value “T” over which an uplink resource would be considered valid relative to when BSR is triggered. However, such value “T” cannot be configured easily for the different SR configurations and the different latencies associated with the NR QoS profiles. It may further require defining additional configuration parameters.

Alternatively, the SR periodicities configured by RRC for the SR configuration of the logical channel that triggered BSR can be used to determine whether an uplink resource is valid or not. In other words, SR is triggered only if the uplink resource is available for a new transmission within the SR periodicity configured for the SR configuration of the logical channel that triggered BSR.
Observation 7:
For each SR configuration, RRC configures a periodicity and offset which identify the slots/symbols to be used for SR
Proposal 3:
The MAC entity triggers a SR only if an UL-SCH resource is not available for a new transmission within the SR periodicity configured for the SR configuration of the LCH that triggered BSR.
A CR to TS 38.321 v 15.0.0 [1] corresponding to the above proposals is provided in [2]. 
3 Conclusion

RAN2 should discuss the above and agree to the following proposals:
Observation 1:
d-SR failure for a single SR configuration results in the cancellation of all other pending SRs, per current NR MAC specifications

Observation 2:
Pending SRs on higher priority SR configurations can be cancelled due to reaching sr-TransMax for a lower priority LCH

Observation 3:
Without overprovisioning of PUCCH resources for lower priority LCHs to reach same failure probability level as most reliably service, the SR failure rate of the least reliable SR configuration will set the d-SR failure probability for all other SR configurations.
Observation 4:
For a LCH not mapped to any SR configuration, when an SR is triggered, a RA procedure is initiated and only the corresponding pending SR is cancelled.

Observation 5:
In the scenario described in observation 4, RACH and SR can be sent simultaneously, if there is a pending SR for a different LCH with a valid PUCCH resource during the RA procedure.

Proposal 1:
Upon reaching sr-TransMax for a certain SR configuration, the MAC entity shall only cancel the corresponding pending SR.

Proposal 2:
if sr-TransMax is reached for a certain SR configuration and there are no other pending SRs, the MAC entity shall clear uplink grants and downlink assignments and notify RRC to release all PUCCH resources and SRS in all serving cells.
Observation 6:
An SR can be triggered despite having an UL-SCH resource with a start delay relative to the time when BSR is triggered, per current NR MAC specifications

Observation 7:
For each SR configuration, RRC configures a periodicity and offset which identify the slots/symbols to be used for SR
Proposal 3:
The MAC entity triggers a SR only if an UL-SCH resource is not available for a new transmission within the SR periodicity configured for the SR configuration of the LCH that triggered BSR.


A CR to TS 38.321 v 15.0.0 [1] corresponding to the above proposals is provided in [2].
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