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1
Introduction
In MAC v8.5.0 [1], all pending SRs shall be cancelled by the UE when it has UL-SCH resources granted for a new transmission, whereas BSRs are cancelled when a BSR is included in a MAC PDU or when all data fits into a MAC PDU. Because SR and BSR cancellation are asynchronous, SRs are sometimes erroneously cancelled and at other times SRs are being transmitted unnecessarily.

This paper first describes the possible error cases, and then proposes to align the SR cancellation with the BSR cancellation to solve the problem of SRs being cancelled erroneously and alleviate the problem of SRs being sent unnecessarily.
2
Discussion
2.1
Erroneous cancellation

This error case occurs when new data that triggers SR arrives between the reception of a grant and the UL-SCH transmission, and the SR is cancelled by the UL-SCH transmission before D-SR has been transmitted.

More specifically, in Figure 1 below, a UE sends an SR (SR 1) in response to new data arrival for a logical channel belonging to an LCG of priority x. The UE receives a grant for a transmission in response to this SR and will make the transmission on the assigned UL-SCH resources 4 ms after the subframe carrying the grant on PDCCH. During these 4 ms, new data can arrive to another logical channel, belonging to a higher priority LCG. Such new data will trigger a new Regular BSR (Regular BSR 2), which in its turn will trigger a new SR (SR 2). 

If the UE has a dedicated PUCCH SR resource, but this resource is not allocated in any of the subframes in the 4 ms interval between reception of grant and transmission of data for the previous data arrival, the newly triggered SR will remain pending until the transmission of data. In the subframe where the transmission is made, both SR 1 and SR 2 will be cancelled.

If the MAC PDU (including a MAC CE BSR) that is transmitted is built before the new data arrives, the new data will not be accounted for in the BSR that is sent. However, SR 2 is still cancelled. The Regular BSR that triggered SR 2 will still be pending, but cannot retrigger an SR. The new, higher priority data will hence not be known to the eNB until:
· the eNB allocates a grant to the UE based on other information (e.g. the BSR being sent saying the UE had more data in the buffers that were reported), or

· the UE gets data of even higher priority into the buffer (causing a new Regular BSR to be triggered and a consequent SR).
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Figure 1 Analysis of erroneously cancelled SR

The root cause of the problem is that the cancellation of SR is not connected to the SRs purpose or to the SR-BSR relation. An SR should be cancelled when it has served its purpose, just as a BSR is cancelled when either a BSR is included in a MAC PDU or all the data that the BSR would have reported can fit into the MAC PDU [1]. A BSR is further guaranteed to serve its purpose by the fact that when a BSR is included in a MAC PDU, the buffer size field reflects the UE buffer status after the MAC PDU has been built. Hence, the BSR always takes the most current event into account.
We hence suggest aligning cancellation of SR with cancellation of BSR, to ensure that SRs are only cancelled when they have served their purpose. This is easily done by cancelling an SR when a random access procedure is initiated (as already stated in [1]) and when all pending BSRs are cancelled. Since SRs can only be triggered by BSRs, it is natural to also align their cancellation with each other.
Proposal 1: 
Align SR cancellation with BSR cancellation such that SRs are cancelled when BSRs are cancelled. 

2.2
Unnecessary PUCCH interference and unnecessary grants

This second error case occurs when the UE received grant while it has a D-SR resource between the reception of this grant and the corresponding UL-SCH transmission.

More specifically, figure 2 below illustrates an example where there is a dedicated SR resource for the UE after the grant is received but before the transmission is made. When this happens, an extra SR will be sent on the dedicated resource even though UL‑SCH resources have already been granted for the data that triggered the SR. This leads to unnecessary interference on PUCCH (waste of PUCCH resources) and also to the eNB having to waste a PDCCH grant in response to the SR, as the eNB cannot know if the additional SR was just a second SR for the data already granted, or a new SR corresponding to new data arrival.

With proposal 1 above, the SR would be cancelled when the MAC PDU to be sent on the granted UL-SCH resources is built. If the MAC PDU is then built before the dedicated SR opportunity, this error case is avoided. Another way of solving this issue is to use an SR prohibit timer, prohibiting the UE from sending an SR for y ms after its last sent SR. However, the SR prohibit timer does not solve the erroneous cancellation of SRs as stated in Section 2.1, so a correction to the SR cancellation is also needed.
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Figure 2 Analysis of sending unnecessary SR and unnecessary grant

3
Conclusion
We propose to align the cancellation of pending SRs with the cancellation of BSRs so as to avoid error cases where SRs get out of synch of that data has actually been accounted for in BSRs:
Proposal 1: 
Align SR cancellation with BSR cancellation such that SRs are cancelled when BSRs are cancelled. 

A corresponding CR can be found in R2-094510.
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Appendix
Estimation of gains of the proposal

For the problem of erroneous SR cancellation, in a simple example, assume a periodic service of priority x with packets arriving every 100 ms. Each packet causes an SR and a grant, and the whole packet is transmitted on the resources granted by the first grant. If new, higher priority data comes in between reception of grant and transmission of data, but too late to be accounted for in the BSR included in the MAC PDU that is sent, this higher priority data will have to wait for transmission since its SR is erroneously cancelled. It will take approx. 100 ms for a new packet from the periodic service to come in, to trigger a Regular BSR and a new SR. Hence, there will be an extra delay of approx. 100 ms of higher priority data.

For the problem of unnecessary SR transmissions, with short SR periodicities like 5 or 10 ms, this will occur as often as in 60% and 30% of the cases when a grant received, respectively.
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