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1   Introduction and context
At the RAN2 NR Ad Hoc meeting in January in Vancouver, it was agreed to add the following as normative text into the SR section of the MAC spec:
“The MAC entity may stop, if any, ongoing Random Access procedure which was initiated by MAC entity due to a pending SR which has no valid PUCCH resources configured when a MAC PDU is assembled for an UL grant addressed to the C-RNTI 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), or when the UL grant(s) can accommodate all pending data available for transmission.”

This addition was deemed important since in NR we can have SR and RACH (due to SR failure) in parallel. The text highlighted in yellow was then the subject of some debate in the email discussion that followed the January meeting. Concerns were raised that there could be arrival of data in the buffer AFTER the last event that triggered the BSR (i.e. data of lower priority) and therefore the MAC BSR CE does not reflect the most up-to-date buffer status. Basically what was proposed was that BSR included in a MAC PDU should include buffer status up to the instant when the MAC PDU is actually built.

We feel that the issue identified is a minor optimisation of the BSR; BSR is not always fully reliable anyway, it is quantised, and in our opinion we should not worry about late arrival of lower priority data. 
However, we have identified a separate issue with the highlighted text (and all its occurrences in the MAC spec and not just the one quoted above, since we agreed in Vancouver to treat RA-SR the same way as SR).

In a nutshell, there will be scenarios where the ‘last event that triggered a BSR’ happens after the MAC has been instructed to generate a MAC BSR CE. This can also happen in LTE, but very infrequently since the time between generating a MAC BSR CE and transmission of a MAC PDU is usually very short. In NR this time can be (significantly) longer. According to the current wording in the NR MAC spec, in such a case we would not cancel any pending SR(s), whereas in our proposed rephrasing we cancel those SR(s) triggered by BSR(s) who are ‘covered’ by the generated BSR MAC CE. 
2   Details of the proposed solution
The following lists detailed steps behind our reasoning:

- 
In a certain scenario (potentially much more common in NR than in LTE), the ‘last event that triggered a BSR’ happens after the MAC has been instructed to generate a MAC BSR CE;

-
Therefore, in this particular case the MAC BSR CE does not include the buffer status ‘up to (and including) the last event that triggered a BSR’;
-
Based on the text in the current spec, in this case we do not cancel any SRs; basically the current text is very inflexible – we either cancel all SRs (if MAC BSR CE includes the buffer status ‘up to (and including) the last event that triggered a BSR’), or none – for LTE this was sufficient/satisfactory, but not for NR;
-
We propose that the NR condition for cancellation of triggered SRs should be more flexible, and that we should cancel those pending SRs which were triggered by a BSR whose status 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);
-
It is then left to UE implementation (as captured in our BSR TP [1]) whether some of these SRs can in fact be ‘kept’ as pending, but this is a separate (although related) issue and can be dealt with in BSR discussions.

The TP that proposes corrections to the MAC spec according to the steps above (ignoring the last step, which is treated in [1]) is given in the Appendix of the present document.
3   Summary and justification of proposed changes
3.1   Reason for change

The current text concerning SR cancellation is very inflexible – we either cancel all SRs (if the MAC BSR CE includes the buffer status ‘up to (and including) the last event that triggered a BSR’), or none (scenarios where the ‘last event that triggered a BSR’ happens after the MAC has been instructed to generate a MAC BSR CE). For LTE this was not a major problem, since the likelihood of triggering a BSR after the MAC has been instructed to generate a MAC BSR CE, but before the actual transmission of this MAC BSR CE, was very low. In NR this can happen much more frequently as the time lag between these two reference points can be much greater. Additionally, in NR we have latency-critical applications such as URLLC, likes of which were not present when LTE was designed. Rather than specifying when the UE should generate he MAC BSR CE – since we believe this should be left to UE implementation – to solve the identified issue we propose to modify the SR cancellation mechanism.
3.2   Summary of change

The NR condition for cancellation of triggered SRs is made more flexible, by cancelling those pending SRs which were triggered by a BSR whose status is included in the buffer status reported in the MAC BSR CE (i.e. the buffer status reported is at least as recent as the buffer status at the time this BSR was triggered).
3.3   Consequences if not approved

1. Failure to cancel SRs which should be cancelled (i.e. those which were triggered by a BSR whose status is included in the buffer status reported in the MAC BSR CE). 
2. Prevention of wrongly cancelled SRs (i.e. those which resulted from a BSR triggered AFTER the MAC is instructed to generate a BSR MAC PDU / AFTER a MAC PDU is assembled, but before the relevant PUSCH transmission, and whose status is therefore NOT reflected in the buffer status reported in the MAC BSR CE).
4   Conclusions
In this tdoc we identified an issue to do with the SR cancellation procedure adopted from LTE and its impact on NR use-cases. In brief, the current text results in failure to cancel SRs which should be cancelled. It additionally may result in wrongly cancelled SRs. We therefore propose the following:
Proposal: RAN2 to review and agree the TP given in the Annex of the present document.
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[1] R2-1802624, “Issue of triggering SR when UL-SCH are available for BSR and TP for TS38.321”, Samsung.
6   Annex: TP for TS38.321
5.4.4
Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.
The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.

Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the LCH that triggered the BSR (subclause 5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR. For BSR triggered by retxBSR-Timer expiry, the corresponding SR configuration for the triggered SR is that of the highest priority LCH (if such a configuration exists) that has data available for transmission at the time the BSR is triggered.

RRC configures the following parameters for the scheduling request procedure:
-
sr-ProhibitTimer (per SR configuration);

-
sr-TransMax (per SR configuration);

-
sr-ConfigIndex.

The following UE variables are used for the scheduling request procedure:

-
SR_COUNTER (per SR configuration).

If an SR is triggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
When an SR is triggered, it shall be considered as pending until it is cancelled. When a MAC PDU is assembled and this PDU includes a BSR MAC CE which contains buffer status including an event that triggered a BSR (see subclause 5.4.5), any pending SR(s) triggered by this BSR shall be cancelled and each respective sr-ProhibitTimer shall be stopped. 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 transmission.
Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.
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>
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.

NOTE:
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.
When a MAC PDU is assembled for an UL grant addressed to the C-RNTI and this PDU includes a BSR MAC CE which contains buffer status including an event that triggered a BSR (see subclause 5.4.5), the MAC entity may stop, if any, ongoing Random Access procedure which was initiated by MAC entity due to a pending SR which has no valid PUCCH resources configured and which was triggered by this BSR. Additionally, the MAC entity may stop, if any, ongoing Random Access procedure which was initiated by MAC entity due to a pending SR which has no valid PUCCH resources configured when the UL grant(s) can accommodate all pending data available for transmission.
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