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1 Introduction
In the MAC TS rapporteur’s list of open issues [1], the following 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 issue deals with decision between triggering SR vs. sending a BSR MAC CE, dependent on UL-SCH resource availability for new transmission. 
2 Discussion 
As per TS 38.321 [2], a resource is considered valid for BSR MAC CE only if the uplink resource is available immediately when BSR is triggered:
	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.


Current specifications capture the UE behaviour in deciding between triggering SR vs. generating a BSR MAC CE using an if/else statement. The current text suggests an SR can be triggered while having an UL-SCH resource with a start delay relative to the time when BSR is triggered. Therefore, it’s been suggested to remove the word “immediate” from the if statement. However, upon the removal of “immediate”, a consequence is an SR for a low latency LCH may not be triggered due to having an UL-SCH with a considerable scheduling delay “K2” or a long PUSCH transmission duration.
This was discussed in RAN2 NR AH 1801, with focus on the issue where SR is not triggered for low latency logical channels, in case the MAC entity is in possession of an UL-SCH resource that results in higher latency or transmission duration. After an offline discussion, there was a consensus to remove the word “immediate” from the if statement condition, and the following options were presented:

A.  It is up to UE implementation to select between triggering SR vs. sending a BSR MAC CE. This requires adding a note to describe the behaviour the UE should follow, e.g.: 

“If the MAC PDU including BSR MAC CE(s) is scheduled to be transmitted later than the next PUCCH occasion of the SR configuration of the LCH that triggered the BSR, the UE may trigger the SR even if the MAC PDU is assembled and this PDU includes a BSR.”
B. Specify UE behaviour, by following LTE as closely as possible (i.e. mandate T equal to/close to zero).
C. Specify UE behaviour, by specifying a maximum delay between triggering BSR and availability of grant during which SR is not sent.
D. Trigger SR and instruct MAC to send a BSR MAC CE if any UL resource is available for a new transmission, each time BSR is triggered. Pending SRs will be cancelled if the LCH that triggered it is part of a BSR MAC CE transmitted before the next PUCCH occasion of the SR configuration mapped to that LCH. This also requires the UE to not process the MAC PDU too early, to avoid SR cancellation due to early build-up of a MAC PDU scheduled to start after the next applicable PUCCH occasion.
Since current specifications capture the decision between triggering SR vs. sending BSR using an if/else statement, the condition for such decision is considered as normative specification text. Therefore, text describing such normative behaviour cannot be left up to UE implementation nor captured as a note. Option A is therefore not discussed any further in this paper.

Observation 1:
Normative text describing UE behaviour should not be captured as a note.

Option C attempts to specify the decision between triggering SR vs. sending BSR using the timing information of the UL grant and the timing of the next PUCCH occasion of the SR configuration on which the logical channel that triggered BSR is mapped to; the required change to TS 38.321 is detailed in the Annex. 
Options B and D attempt to use LTE functionality to solve the same issue, namely SR not triggered for latency critical logical channels in cases where the UL-SCH resource in possession does not meet the required latency, thus are analysed jointly herein.
Option D does away with the decision between triggering SR vs. sending BSR. Instead, when BSR is triggered, the UE triggers SR and instructs the MAC entity to generate the BSR MAC CE if any UL resource is available for a new transmission. The required change to TS 38.321 is detailed in the Annex. Each pending SR is then cancelled if the MAC PDU includes a BSR which contains buffer status up to the last event that triggered a BSR, as explained in section 5.4.5: “All pending SR(s) shall be cancelled and each respective 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.”

In order to avoid SR cancellation due to early build-up of a MAC PDU scheduled to start later -e.g. after the next applicable PUCCH occasion for the low latency LCH-, the UE is required to build the MAC PDU no earlier than the start of the PUSCH transmission time minus the processing time of the transport block [3]. A possible consequence of this requirement is it may place additional processing load on the UE closer to the time of the TB transmission, especially if more than one TB is processed, which may result in more processing requirements on the UE.
Observation 2:
Option D requires the UE to build the MAC PDU no earlier than the start of the PUSCH transmission time minus the TB processing time.
Both options C and D do not guarantee that the reported BSR will meet the required latency of URLLC; A simple example is when the PUSCH duration is longer that the SR period, for a resource available before the next applicable PUCCH duration. There is no link between a PDU containing a BSR MAC CE and the transmission type required for URLLC, so there is no knowledge of whether or not the transmission will make it to the gNB in time, before the latency target of the LCH that triggered the BSR.

Observation 3:
Options C and D do not guarantee that the reported BSR will meet the required latency of URLLC.

The intended behaviour should instead take into account the transmission type of the UL resource used for a BSR MAC CE, and whether it meets the transmission requirements of the LCH that triggered BSR. In other words, if a URLLC LCH triggered BSR and a resource applicable for URLLC data is available, the MAC entity generates a BSR MAC CE; An SR is triggered otherwise. Therefore, the MAC entity generates a BSR MAC CE if an UL resource that meets the LCP LCH selection restrictions configured for the LCH that triggered BSR is available. An SR is triggered otherwise.

Proposal 1:
The MAC entity generates a BSR MAC CE if an available UL resource meets the LCP LCH selection restrictions configured for the LCH that triggered BSR. An SR is triggered otherwise.
The proposed solution is explained in a text proposal in the Annex.
3 Conclusion

RAN2 should discuss the above and agree to the following:
Observation 1:
Normative text describing UE behaviour should not be captured as a note.
Observation 2:
Option D requires the UE to build the MAC PDU no earlier than the start of the PUSCH transmission time minus the TB processing time.

Observation 3:
Options C and D do not guarantee that the reported BSR will meet the required latency of URLLC.

Proposal 1:
The MAC entity generates a BSR MAC CE if an UL resource that meets the LCP LCH selection restrictions configured for the LCH that triggered BSR is available. An SR is triggered otherwise.

The proposed solution is explained in a text proposal in the Annex.
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5 Annex

Option C

	5.4.5
Buffer Status Reporting
[unchanged text not included]
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 immediate transmission before the next PUCCH occasion of the SR configuration of the LCH that triggered BSR:

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.


Option D

	5.4.5
Buffer Status Reporting
[unchanged text not included]
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 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.

5.4.3.2
Multiplexing of MAC Control Elements and MAC SDUs
The MAC entity shall multiplex MAC CEs and MAC SDUs in a MAC PDU according to subclauses 5.4.3.1 and 6.1.2, and shall start it no earlier than the PUSCH transmission start time minus processing time of the TB.


Proposed Solution
	5.4.5
Buffer Status Reporting
[unchanged text not included]
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 immediate transmission that meets the LCP LCH selection restrictions configured for the LCH that triggered BSR (section 5.4.3.1.2):

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.
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