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1   Introduction
At the RAN2#100 meeting in Reno, the vast majority of outstanding issues to do with the BSR procedure in NR were resolved, contributing to successful endorsement of the MAC spec at the RAN Plenary. One outstanding issue, stemming from the discussion on NR-UNIT replacement, marked by the UP session Chair as a topic to be revisited, is captured in [1] as Issue 5.4.5-4:
[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.  
In this submission, we discuss whether the baseline described above is sufficiently clear for anyone implementing the specs, or whether changes are needed, and at what cost. Additionally, we look at the current phrasing of the conditions for cancellation of triggered BSR(s) and identify a potential issue, again due to identified lack of clarity in the current wording.
2   Background and context
Based on the comprehensive discussion on NR-UNIT replacement [99bis#42] preceding the Reno meeting, a TP was endorsed in Reno fixing the vast majority of issues. One outstanding issue is in the BSR section of the MAC spec. In LTE, provided there is at least one BSR triggered and not cancelled, BSR MAC CE is generated “if the MAC entity has UL resources allocated for new transmission for this TTI”; otherwise SR is triggered (provided certain conditions are met). 
The underlined text no longer has its place (unmodified) in the NR MAC spec: the TTI term has been done away with, and receiving grant assignment on PDCCH and actual grant on PUSCH no longer necessarily happen in the same time unit – in fact, there is no predefined link between the timings of the two. Therefore, as a baseline, the following text was agreed upon for the BSR section of the NR MAC spec: “if UL-SCH resources are available for a new immediate transmission”. This was met with some disapproval and a desire to come up with a clearer qualification of the UL-SCH resources in question, and in the next Section we look at various possibilities to this effect.
The other issue we treat in the tdoc is the conditions for cancellations of triggered BSR(s). The current text – “All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data” – could be viewed as unclear to someone implementing the spec – it is unclear what “UL grant(s)” we are referring to (i.e. within which time window), which may result (as shown in Section 4) in potential misinterpretation of the text when we have a grant assignment received between a previous grant assignment and this latter’s grant assignment respective UL-SCH grant.
3   Conditions for BSR MAC CE generation: potential alternatives to the baseline
It is probably worth reminding ourselves what the test should be. We are at a point where the BSR procedure has determined that at least one BSR has been triggered and not cancelled. What other condition(s) should be met so that the BSR MAC CE is generated? In a nutshell, if, at this point in time (where the UE could generate a BSR CE), we have UL-SCH resources available for a new transmission (either an imminent UL-SCH grant, or an already received PDCCH grant assignment indicating availability of UL-SCH resource in the near future), then the MAC generates the BSR CE. The underlined in our view is the basic ‘test’ and is currently captured in the MAC spec as “UL-SCH resources available for a new immediate transmission”.
Observation 1. The BSR MAC CE should be generated if at least one BSR has been triggered (and not cancelled), and if at this point in time where the UE could generate a BSR CE, we have UL-SCH resources available for a new transmission (either an imminent UL-SCH grant, or an already received PDCCH grant assignment indicating availability of UL-SCH resource in the near future).
If we agree that this point in time where we test for conditions for BSR MAC CE generation could be referred to (for now, as a placeholder) as a “BSR transmission occasion”, then the issue could be resolved and the required precision is re-introduced into the spec. Please note that we have already introduced into the NR MAC spec the following terms: “SR transmission occasion”, “PDCCH occasion”, and “PRACH occasion”. Adding “coinciding with a BSR transmission occasion” helps to explain that – if, at a moment where the UE could generate a BSR, we have UL-SCH resources for a new transmission, then the MAC generates the BSR CE. Introducing “BSR transmission occasion” however requires a new definition and might prolong rather than shorten the discussion time.
Observation 2. The term “BSR transmission occasion” is a good starting point, not least as similar terms have already been used as replacement for NR-UNIT. The difference here is that all the other recognised uses of “transmission occasion” refer to control channels or PRACH, whereas “BSR transmission occasion” simply refers to UL-SCH.

In light of the above observations, and starting from “BSR transmission occasion” as a starting point, but aiming for something which is self-explanatory while maintaining the same precision, we think all of the following alternatives should be considered:
1. “if UL-SCH resources are available for a new immediate transmission coinciding with a BSR transmission occasion…”

2. “if UL-SCH resources are available for a new immediate transmission coinciding with a BSR transmission opportunity…”

3. “if UL-SCH resources are available for a new immediate transmission when BSR could be transmitted…”

4. “if UL-SCH resources are available for a new immediate transmission at a moment when the MAC could generate a BSR CE”
We favour option 4. In reality, however, equally important to the clarification of the “new transmission” aspect is the concept of “available” UL-SCH resources. If there is consensus in RAN2 that “available” can be defined according to the definition given in our Observation 1, then simply removing “immediate” (with no further additions) also solves the quandary. Therefore our proposal is as follows:

Proposal 1. On the condition that RAN2 agrees that “available” UL-SCH resources means either an imminent UL-SCH resource, or an already received PDCCH grant assignment indicating availability of UL-SCH resource in the near future, we propose that the “immediate” in “if UL-SCH resources are available for a new immediate transmission” is simply removed. We further propose that RAN2 review and agree the respective CR [2].
4   Clearing of triggered BSR(s): potential issue and remedy

We now turn our attention to the penultimate paragraph of the BSR section in 38.321v15.0.0, where conditions for clearing triggered BSR(s) are captured. In LTE, the corresponding text begins like this: “All triggered BSRs shall be cancelled when the UL grant(s) in this TTI can accommodate all pending data…” A simple removal of the underlined text (which is what has been done for the NR case) does not solve the issue, created by the plurality of grants. In LTE, this plurality of grants referred to the CA case. In NR we may additionally have a case that a later grant assignment could cause the UE to re-assess the decision to put the BSR MAC CE in an earlier grant, which from previous RAN2 discussions we agreed should not happen – from RAN2#100:
…

7. One MAC PDU contains at most one BSR.  No restriction on the UE reporting the same BS value in case of multiple overlapping MAC PDUs is specified.  

…

Let us use the following scenario as an example. At time t1, the UE receives the UL grant which schedules UL data at t3 but cannot accommodate all pending data available, so the UE decides to put BSR MAC CE into the UL-SCH grant to be received at t3. However, at t2, where t1<t2<t3, UE receives another UL grant which schedules UL data at t4 (where t4>=t3) but can now accommodate all the pending data available. What we do not want happening is the UE removing the BSR MAC CE from grant at t3, and re-performing the LCP for the grant received at t1. There is agreement in RAN2 (quoted above) that this should not happen, but the current text does not clearly specify this.

However, if we agree that BSR is cancelled at the moment a grant assignment is received on PDCCH (rather than when the grant is actually received on PUSCH), then, using the above scenario, if at t1 the UE received a grant that the UE determines will need to include the BSR MAC CE, the UE will in that case cancel the BSR, so at time t2 there will be no BSR pending and there will be no need to reassess any past decisions to do with LCP. 
Observation 3. If we agree that BSR is cancelled at the moment a grant assignment is received on PDCCH (rather than when the grant is actually received on PUSCH), then we would avoid having a case where a later grant assignment (received after a grant assignment which caused the UE to produce a BSR MAC CE, but before the reception of the respective grant itself on PUSCH) could cause the UE to re-assess the decision to put the BSR MAC CE in an earlier grant.

Proposal 2. The following additions (underlined text) and deletions are made: “All triggered BSRs may be cancelled immediately upon reception of grant assignment on the PDCCH when the UE determines that the respective UL-SCH transmission(s) 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. All triggered BSRs shall be cancelled immediately upon reception of grant assignment on the PDCCH when the UE determines that a BSR will be is included in a MAC PDU for the respective transmission on the UL-SCH.” We further propose that RAN2 review and agree the respective CR [3].
5   Conclusions
Based on the following observations to do with conditions for BSR MAC CE generation (highlighted as one of the “open issues”):
Observation 1. The BSR MAC CE should be generated if at least one BSR has been triggered (and not cancelled), and if at this point in time where the UE could generate a BSR CE, we have UL-SCH resources available for a new transmission (either an imminent UL-SCH grant, or an already received PDCCH grant assignment indicating availability of UL-SCH resource in the near future).
Observation 2. The term “BSR transmission occasion” is a good starting point, not least as similar terms have already been used as replacement for NR-UNIT. The difference here is that all the other recognised uses of “transmission occasion” refer to control channels or PRACH, whereas “BSR transmission occasion” simply refers to UL-SCH.

We made the following proposal (and corresponding CR [2]):
Proposal 1. On the condition that RAN2 agrees that “available” UL-SCH resources means either an imminent UL-SCH resource, or an already received PDCCH grant assignment indicating availability of UL-SCH resource in the near future, we propose that the “immediate” in “if UL-SCH resources are available for a new immediate transmission” is simply removed. We further propose that RAN2 review and agree the respective CR [2].
On the issue of clearing of triggered BSR(s), based on the following observation:

Observation 3. If we agree that BSR is cancelled at the moment a grant assignment is received on PDCCH (rather than when the grant is actually received on PUSCH), then we would avoid having a case where a later grant assignment (received after a grant assignment which caused the UE to produce a BSR MAC CE, but before the reception of the respective grant itself on PUSCH) could cause the UE to re-assess the decision to put the BSR MAC CE in an earlier grant.

We put forward the following proposal (and corresponding CR [3]):
Proposal 2. The following additions (underlined text) and deletions are made: “All triggered BSRs may be cancelled immediately upon reception of grant assignment on the PDCCH when the UE determines that the respective UL-SCH transmission(s) 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. All triggered BSRs shall be cancelled immediately upon reception of grant assignment on the PDCCH when the UE determines that a BSR will be is included in a MAC PDU for the respective transmission on the UL-SCH.” We further propose that RAN2 review and agree the respective CR [3].
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