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Introduction
In RAN2#100 meeting, some discussions took place on how to accurately capture in TS38.321 Section 5.4.5 the UE behaviour when at least one BSR has been triggered and not cancelled, and some UL-SCH resource is available in a near future. Namely, provided the UE is aware of such coming UL-SCH, how much time is it allowed to delay the BSR transmission to use the UL-SCH without sending an SR. A preliminary decision was made to capture this time “uncertainty” using the word “immediate” as follows:
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.
The above text basically leaves it to UE implementation to interpret what “immediate” means. Since, in NR, PUSCH instances can occur at any time with symbol granularity, the UE may consider this condition at symbol level in which case it is not fulfilled most of the time and an SR is triggered.
In this contribution, we propose to improve the above by specifying the maximum waiting time for a future known PUSCH occurrence for transmitting the BSR instead of triggering an SR. Given different logical channels can afford more or less delay in their BSR transmission we further suggest this waiting time is configured per logical channel.
Discussion
In NR cells, both the UE density and the amount and variety of traffic are expected to increase compared with legacy LTE cells. As a result, many radio bearers with quite different QoS requirements will co-exist in the same cell. In addition, a high-performance SR mechanism was agreed for NR where different SR configurations serve different logical channels so that multiple SR processes may be ongoing concurrently for one UE. A consequence of the above observations is that the number of SR transmissions is expected to grow significantly in NR, serving multiple logical channels with different QoS requirements. Since this comes with high interference on PUCCH as well as increased power consumption in the UE, some good-sense mechanisms should be foreseen to keep the overall SR transmission rate low.
In LTE, one such mechanism is the logicalChannelSR-ProhibitTimer (continued as logicalChannelSR-DelayTimer in NR). A logical channel configured by upper layers with logicalChannelSR-Delay that triggers a BSR will always delay sending the SR by the amount of the timer. However, this delay is applied irrespective of whether there is a coming grant during the waiting delay or not. Moreover a logical channel can be configured to apply the timer or not, but the timer value is common to all configured logical channels, thus disallowing implementing different waiting times in support of different QoS requirements.
Another mechanism is the sr-ProhibitTimer preventing two SR transmissions to occur within the timer period. However, here again, the sr-ProhibitTimer applies equally to all logical channels mapped onto an SR configuration,  irrespective of whether there is a coming grant during the prohibit time. Moreover, such feature prevents one UE to transmit multiple consecutive SRs in a small period but is useless to reduce the global SR rate of a large population of UEs, each with low rate SR.
On the other hand, a low hanging fruit allowing reducing significantly the SR rate, even in a high density cell, consists, instead of sending an SR, in using any upcoming UL-SCH opportunity the UE is aware of and that does not compromise the QoS of the LCH triggering the regular BSR. Indeed, there are two cases where the UE can be aware of the availability of an UL grant in the near future:
· Dynamic grant: unlike LTE, the signaling of UL grants in PDCCH offers a highly flexible and dynamic control of the PUSCH timing by indicating both the starting time (K2, in slots, + symbol offset) and the PUSCH duration, with symbol granularity. Therefore, a BSR can be triggered in between an UL grant reception and the corresponding PUSCH transmission, as illustrated in Figure 1. 
· Configured grant: similar to LTE, a UE can be configured with periodic grants, so that upon BSR trigger the UE can easily determine the waiting time for the next occurrence of the configured grant.


Figure 1: Example of BSR triggered in between an UL grant reception and the corresponding PUSCH transmission
Therefore we suggest replacing the non-accurate wording “immediate transmission” currently captured in the TS with an explicit maximum time the UE is allowed to wait for to send a regular BSR without triggering an SR if it knows a PUSCH transmission, resulting from either dynamic or configured grant, will occur within that time.

Note that the proposed mechanism does not introduce a new timer. Indeed the UE does not blindly wait for a potential dynamic grant to come. If at the time of the BSR trigger, it is aware of a coming UL grant, it waits for it, otherwise it triggers SR. So this mechanism is not a timer and is more efficient than the logicalChannelSR-DelayTimer since UE waits for sending the BSR only if it is worth waiting.
Proposal 1: The UE is configured with an explicit maximum time it is allowed to wait for without triggering an SR to send a regular BSR if it knows a PUSCH transmission, resulting from either dynamic or configured grant, will occur within that time.
Moreover, as discussed above, different logical channels will reflect different QoS and latency requirements, so that the configured waiting time should be differentiated per logical channel. And the UE, upon regular BSR trigger, applies the maximum waiting time configured for the LCH that triggered the regular BSR. In case the regular BSR was triggered by retxBSR-Timer expiry, the UE applies the maximum waiting time configured for the highest priority LCH with data in buffer.  
Proposal 2: The maximum waiting time for sending a regular BSR without triggering an SR in case of known future PUSCH transmission is configured per logical channel.
Proposal 3: Upon regular BSR trigger, MAC applies the maximum waiting time configured for the LCH that triggered the regular BSR.
Proposal 4: In case the regular BSR was triggered by retxBSR-Timer expiry, MAC applies the maximum waiting time configured for the highest priority LCH with data in buffer.
Proposal 5: RAN2 agrees the TP provided in Annex.
Conclusion
This contribution discusses the SR triggering condition when PUSCH transmissions are known by the UE to be available in the near future and aims at improving the non-accurate wording of the current MAC specification on this matter with the following proposals and associated TP provided in Annex:
Proposal 1: The UE is configured with an explicit maximum time it is allowed to wait for without triggering an SR to send a regular BSR if it knows a PUSCH transmission, resulting from either dynamic or configured grant, will occur within that time.
Proposal 2: The maximum waiting time for sending a regular BSR without triggering an SR in case of known future PUSCH transmission is configured per logical channel.
Proposal 3: Upon regular BSR trigger, MAC applies the maximum waiting time configured for the LCH that triggered the regular BSR.
Proposal 4: In case the regular BSR was triggered by retxBSR-Timer expiry, MAC applies the maximum waiting time configured for the highest priority LCH with data in buffer.
Proposal 5: RAN2 agrees the TP provided in Annex.

Text proposal to 38.321

[bookmark: _Toc500788005]5.4.5	Buffer Status Reporting
The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR:
-	periodicBSR-Timer;
-	retxBSR-Timer;
-	logicalChannelSR-Delay;
-	logicalChannelSR-DelayTimer;
-     logicalChannelSR-TriggerDelay; (per logical channel)
-	logicalChannelGroup.

//////// NEXT CHANGE /////////

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 a Regular BSR has been triggered by new UL data
      3> set triggerDelay to the value of the logicalChannelSR-TriggerDelay configured for the logical channel that triggered the BSR
2> else if a Regular BSR has been triggered by retxBSR-Timer expiry; or
2> if a Periodic BSR has been triggered:
      3> set triggerDelay to the value of the logicalChannelSR-TriggerDelay configured for the highest priority logical channel that has data available for transmission
2>	if UL-SCH resources have been scheduled or configured to occur within triggerDelay 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.

//////// END OF CHANGE /////////
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