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1   Introduction
At the January RAN2 NR Ad Hoc meeting in Vancouver, considerable on-line and off-line discussion time was spent on the perceived issue of a potentially ‘long’ delay between triggering of BSR and timing of available UL-SCH resource. We refer to the following part of the BSR section of the NR MAC spec:

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.
If the available UL-SCH grant is for eMBB, it may have a long associated value of K2, in which case if a BSR is triggered by URLLC traffic later than the BSR triggered by eMBB, the wait until BSR is sent could be unacceptably long, and several companies opined that URLLC SR should be triggered in parallel. 

This relatively minor issue has caused a long and protracted debate in Vancouver, as it is perceived by some companies as potentially jeopardising NR meeting URLLC requirements. However, no agreement was reached due to a fairly even split of companies across the main proposals. This tdoc attempts to provide a solution which reconciles major concerns voiced in Vancouver.

2   Background and proposals seen so far
There are 4 basic proposals – they are summarised below, and their numbering does not necessarily follow the numbering used in the relevant offline email discussion which took place during the Vancouver meeting:
Proposal 1: Always send both BSR and SR (basically delete ‘else’ in the text above). This was proposed late in the discussion and we have considerable concerns about this proposal. The loop above is a ‘continual’ loop – unlike LTE, where we check the situation every TTI, in NR everything is event-based and the above loop is ‘continually’ checking whether a BSR has been triggered. In practice this probably means with very high frequency. So basically if we deleted ‘else’ above we would be triggering SR all the time. This may not always be a problem since we agreed that per SR configuration we can only have one SR triggered, but it seems like it needs more thought at least when it comes to impact on implementation. Therefore we do not support this proposal given the tight standardisation resources left for NR corrections.
Proposal 2: Stay as close as possible to LTE. The following was proposed in Vancouver:

 “if UL-SCH resources are available for a new immediate transmission, and if the BSR(s) were triggered during the corresponding PUSCH duration of the UL-SCH resources:
…”
Unfortunately, and upon deeper reflection, while our preference would indeed be to mimic LTE as close as possible, the added condition – which was meant to ‘imitate’ LTE – in fact could cause additional issues. In LTE, there is no need for the BSR to be triggered during the duration of the UL-SCH resources. The text above would basically almost never result in a creation of a BSR MAC CE. SR would be triggered instead even when not needed.
Proposal 3: Leave it to UE implementation. This is our preference, to use something similar to what was proposed in Vancouver – an addition to the existing text similar to below: 

“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.”

Proposal 4: Similar intention to Proposal 3, but standardises a delay which is either configurable, or related to SR periodicity, as in the example below:
“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 the BSR:
…”
3   Our proposed solution
As a reminder, there are two fundamental problems observed in the Vancouver discussions:

a)  
The occasional perceived ‘long’ delay between triggering of BSR and timing of available UL-SCH resource [the above proposed solutions are focused on this problem] – this is an NR-specific problem, since in LTE if we do not have any UL-SCH resource in current TTI, and a BSR has been triggered, we then trigger SR, whereas in NR we would not trigger SR (according to the current spec text) and the delay may be too long for e.g. URLLC 
( this is solved in the TP in the Annex by addition of a normative paragraph using ‘may’, so as to avoid imposing any rules for UE behavior, while giving guidelines instead (roughly corresponds to Proposal 3 from the previous section, but the phrasing is tighter so as to avoid some issues observed with the original wording)

b)
A BSR triggered too close to the PUSCH transmission time is cancelled, but the BSR MAC CE does not include the buffer status at the time of the triggering of this BSR [this issue was raised but proposals above do not treat this issue] – this could happen in LTE as well, but the timing in LTE is more stringent and the issue is therefore less of a problem in LTE 
( this is solved in our TP by rephrasing the wording of the final paragraph in the BSR section; we now (after our proposed changes) only cancel those BSRs which are ‘covered’ by the MAC BSR CE; if there was a BSR triggered, but the buffer status at the time of triggering is not included in the PUSCH transmission, then this BSR is NOT cancelled based on our rephrased wording
4   Summary and justification of proposed changes
4.1   Reason for change

In the January NR Ad Hoc meeting, considerable discussion time was spent on deciding whether and how to address the perceived issue of an URLLC BSR being triggered at a time where there is available UL-SCH resources (resulting e.g. from a previously triggered eMBB BSR, or an existing configured grant). If the timing of the available resources is considered ‘far away’ in the future, concerns were raised about potential delay incurred to URLLC service.
Additionally, the issue of a BSR being triggered ‘too close’ to the PUSCH transmission time but not ‘reflected’ in the BSR MAC CE which is put in the MAC PDU for this PUSCH transmission was also raised.
4.2   Summary of change

The first issue is resolved by addition of a normative paragraph which uses ‘may’, so as to avoid imposing any rules for UE behavior, and giving guidelines instead. These guidelines advise when it would be allowed to send an SR even though the sending of a BSR is expected/will happen.
The second issue is resolved by rephrasing the wording of the final paragraph in the BSR section; we now (after our proposed changes) only cancel those BSRs which are ‘covered’ by the MAC BSR CE; if there was a BSR triggered but the buffer status at the time of triggering is not included in the PUSCH transmission, then this BSR is NOT cancelled based on our rephrased wording. A BSR is considered as ‘covered’ by the generated BSR MAC CE if the buffer status at the time of triggering of this BSR is included in the buffer status reported in the MAC BSR CE (i.e. the buffer status reported in the MAC BSR CE is at least as recent as the buffer status at the time this BSR was triggered).
4.3   Consequences if not approved

Potentially unacceptable delay to URLLC service in some scenarios. Cancellation of BSRs which were triggered close to the PUSCH transmission time and whose buffer status at the time of triggering is therefore not reflected in the generated BSR MAC CE.
5   Conclusions
In this tdoc we elaborated on two outstanding issues with BSR triggering and transmission:
a) deciding whether and how to address the perceived issue of an URLLC BSR being triggered at a time where there is available UL-SCH resources (resulting e.g. from a previously triggered eMBB BSR, or an existing configured grant); if the timing of the available resources is considered ‘far away’ in the future, concerns were raised about potential delay incurred to URLLC service; and

b) the issue of a BSR being triggered too close to the PUSCH transmission time but not ‘reflected’ in the BSR MAC CE which is put in the MAC PDU for this PUSCH transmission.
After a careful analysis of the main proposals floated in Vancouver (mainly to solve issue a)), we presented our own approach. We additionally proposed a solution to the problem under b). We now propose the following:
Proposal: RAN2 to review and agree the TP given in the Annex of the present document.
6   Annex: TP for TS38.321

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;

-
logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The maximum number of LCGs is eight.

The MAC entity determines the amount of UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].

A BSR shall be triggered if any of the following events occur:

-
the MAC entity has new UL data available for a logical channel which belongs to an LCG; and either

-
the new UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-
none of the logical channels which belong to an LCG contains any available UL data.


in which case the BSR is referred below to as 'Regular BSR';
-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-
retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';

-
periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
For Regular BSR, the MAC entity shall:

1>
if the BSR is triggered for a logical channel for which logicalChannelSR-Delay is configured by upper layers:

2>
start or restart the logicalChannelSR-DelayTimer.
1>
else:

2>
if running, stop the logicalChannelSR-DelayTimer.

For Regular and Periodic BSR, the MAC entity shall:
1>
if more than one LCG has data available for transmission when the MAC PDU containing the BSR is to be built:
2>
report Long BSR for all LCGs which have data available for transmission.

1>
else:

2>
report Short BSR.
For Padding BSR:

1>
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

2>
if more than one LCG has data available for transmission when the BSR is to be built:
3>
if the number of padding bits is equal to the size of the Short BSR plus its subheader:

4>
report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission.
3>
else:

4>
report Long Truncated BSR of the LCG(s) with the logical channels having data available for transmission following a decreasing order of priority, and in case of equal priority, in increasing order of LCGID.
2>
else:

3>
report Short BSR.
1>
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:

2>
report Long BSR for all LCGs which have data available for transmission.

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:

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.

If the MAC PDU including a BSR MAC CE is scheduled to be transmitted later than the next PUCCH transmission occasion of the SR configuration of a LCH that triggered a BSR, the UE may trigger the relevant SR even if the MAC PDU is assembled and this PDU includes the buffer status at the time this BSR is triggered. 
A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR. The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.
The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.
All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. When a BSR MAC CE is included in a MAC PDU for transmission, and this BSR MAC CE includes the buffer status at the time a BSR was triggered, this BSR shall be cancelled.
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