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1. Introduction

General procedures for BSR to trigger and send schedule requests (SRs) have been captured in [1]. This paper considers some extra mechanisms to eliminate some problematic behaviours of the BSR with current configurations of uplink SPS [2]. We believe this contribution could also provide solutions to problem addressed in [3][4].
2. Discussion
Under current technical description, UE would generate “Regular BSR” when UL data arrives in the transmission buffer and the data belongs to a logical channel with higher priority than those already in the buffer. The generation of “Regular BSR” would further trigger SR if no UL resource was allocated at the current TTI. The SR procedure would transmit a dedicated SR (D-SR) on PUCCH if such resource is allocated for the UE, otherwise, a random access SR (RA-SR) is transmitted on RACH.

When eNB configured SPS resource for an UE, it aims to serve the upper layer applications, e.g. VoIP, which generate semi-static size data periodically. Fig. 1 illustrates when VoIP data enters transmission buffer and then a SR is generated, the UL grant might arrive before or after SPS resource. If UL grant comes before SPS resource, then VoIP data is transmitted in the UL grant 1 and results in an empty SPS resource. If UL grant comes after SPS resource, then VoIP data is transmitted in the SPS resource and results in an empty UL grant 2. This problem could be called “premature SR” and some mechanism should be added to prevent this unpreferable scenario from happening. 
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Proposal 1: Include applicable mechanism to prevent unnecessary BSR-SR triggering.

In fact, when SPS resource is allocated, arrival of SPS logical channel data should not trigger extra SR unless the allocated SPS resource is not enough. In other words, SR should be triggered only when extra UL grant is required for the interspersed data burst of the SPS application. This dynamic scheduling (DS) procedure is illustrated in Fig. 2. When SPS logical channel data arrives at the transmission buffer and the size is larger than the coming SPS resource could accommodate, a SR should be triggered to inform eNB to allocate another UL resource. 
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Alternative 1a: If SPS resources are configured, when SPS data arrives, the Regular BSR is triggered when accumulative data of SPS logical channel(s) is larger than threshold. 
Alternative 1b: If SPS resources are configured, the Regular BSR is triggered when accumulative data of all logical channel(s) is larger than threshold. 
The threshold is set according to the average data size which could be transmitted in the allocated SPS resource and this information is available at the MAC. This threshold mechanism gives UE ability to look ahead instead of considering only current TTI. Therefore, for SPS data, SR is triggered only when allocated SPS resources is not enough. 
For Alt. 1a, it may be necessary to add RRC parameters to identify SPS logical channel(s). Threshold in Alt. 1b is applied to the whole transmission buffer, therefore, Alt. 1b is a MAC only solution. 
Alternative 1c: Do not assign SPS logical channels to any LCG.

According to the current spec and the latest agreements [5][6], it is possible to configure a logical channel without any LCG association. If SPS is configured without LCG, unnecessary BSR-SR would not be triggered, in fact, SPS data would never trigger any kind of BSR. Moreover, eNB would never receive any update on the SPS buffer status. Since the eNB is totally blind to the SPS buffer status, the performance relies on SPS configuration only, which is a substantial assumption. We do not prefer this alternative.
Current MAC spec has following statement.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

The priority between SPS data and MAC CE (BSR or PHR) results in some undesirable behaviour. An example is illustrated in Fig. 4. For current TTI, a SPS UL resource is allocated and the size of the grant equals to the size of SPS data in the transmission buffer, meanwhile, a BSR is also triggered and there is data from another logical channel in the transmission buffer. Based on these conditions, current BSR mechanism would insert a long BSR and then fill the rest of the SPS resource with SPS data (which assume to have higher priority), later another UL grant is allocated and the rest of the SPS data would then be transmitted, see scenario B in Fig. 4. In this scenario, the transmission of one SPS packet is split into 2 attempts, which doubles the chance of retransmission and incurs extra delay. 
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According to the intention of assigning SPS resource, data from SPS application should have the highest priority in SPS resource. Therefore, correct protocol behaviour should keep the SPS packet intact as much as possible to prevent delay. In scenario A of Fig. 4, SPS data would be transmitted in the corresponding SPS resource, then BSR should trigger a SR as if there is no UL resource for the current TTI. Once another UL grant arrived, BSR and other data would be transmitted. SPS application in scenario A has better transmission reliability and less delay than it does in scenario B.
If periodic MAC CE has period not bigger than the SPS period, once the MAC CE is inserted at a SPS resource, subsequent insertion is unavoidable. Since now there is periodic resource after the periodic MAC CE timer expires and if the SPS resource is not enough for SPS data plus MAC CE, split of the SPS data would take place. This split behaviour could happen periodically for a while or even the rest span of the configured SPS. Current mechanism should be modified to prevent this potential split from happening periodically.
Proposal 2: Include applicable mechanism to prevent unsuitable MAC CE insertion.

Alt 2a: If SPS resources are configured, SPS data has higher priority than any MAC CE in all SPS resources. 
For Alt 2a, Once SPS data has higher priority than MAC CE in SPS resources, MAC CE would be included only when the resource is big enough. If eNB intents to receive periodic MAC CE with SPS data, it only needs to allocate big enough resources to the UE. Again, it may be necessary to add RRC parameters to identify SPS logical channel(s).
Alt 2b: Forbid periodic MAC CE in the SPS resources.

Alt 2b is a pure MAC solution. Instead of differentiating SPS data from non-SPS data, we can regulate the type of the grant that MAC CE can be transmitted. Since periodic MAC CE can only be transmitted on dynamic scheduling UL grants, eNB losses the possibility to receive MAC CE at the SPS resources periodically.
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sf1000, infinity, spare1},

Table 1: Periods of SPS, Periodic BSR, and Periodic PHR
3. Conclusion

This paper proposes that the BSR mechanism should take SPS configuration into consideration. The short-sighted (only current TTI) of current BSR mechanism may result in series of “premature SRs” with SPS allocation and unmake SPS. Although it is possible for eNB to ignore the SR or BSR from SPS UEs, UE-side solutions could solve the problem from the origin. It is our belief that threshold mechanism provides solutions to problems brought by interaction of BSR and SPS with limited extra complexity. We slightly prefer alternatives require RRC support, since they generally have higher flexibility. Finally, we propose to agree on the proposals.
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