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1 Introduction

Some general procedures for triggering and sending scheduling requests (SRs) and buffer status reports (BSRs) has been agreed and captured in [1]. This paper considers some additional mechanisms related to the triggering of SR, more specifically regarding the relation between SR triggering and already allocated uplink (UL) grants. The topic was brought in [2] and here the discussion is broadened.
Currently, the assumption in [1] is that a BSR is triggered when UL data arrives in the UE transmission buffer and the data belongs to a logical channel group (LCG) with higher priority than those for which data already existed in the UE transmission buffer. In turn, a SR is triggered if the UE does not have an UL resource allocated for the current TTI, which implies that a dedicated SR (D-SR) is transmitted on the PUCCH, if this resource is allocated to the UE, or alternatively a random access SR (RA-SR) is transmitted on the RACH.

An issue with the description above, and hence the current text in [1], is that only the current TTI is considered when taking the decision of triggering a SR. At least two situations can be foreseen when the UE has an allocated granted resource in the future, making the triggering and transmission of a SR unnecessary. In this paper, two different aspects will be considered and described separately. First is the case when the UE has received a grant on the PDCCH, but the transmission is still due a number of ms in the future. Second, the triggering of SRs in relation to semi-persistently scheduled resources is brought forward.
2 Aspect one – granted UL resource on PDCCH

The time between a grant sent on the PDCCH and the actual UL transmission on the PUSCH is around 4 ms in E-UTRAN (i.e. a grant in subframe 0 will result in an UL transmission in subframe 4). It seems probable that the UE in many cases decodes and processes the information given in the grant in less than 2 ms, resulting in a window when the UE is aware of the UL resource even though it does not have an allocation in the current TTI.
However, in the current version of [1] a SR will be triggered no matter if the UE knows that it will perform an UL transmission in the subsequent subframe. There is no reason for this behaviour and it is therefore proposed that:
Proposal 1: In case the UE has information about a granted UL resource allocation within a future of x ms, it should neither trigger nor transmit a SR. 

The parameter x could be set to a value slightly less than the above mentioned processing time, e.g. 3ms. To solve the issue according to aspect one described here, a fixed parameter value would be sufficient.
3 Aspect two – semi-persistently allocated UL resources
This section of the paper concerns the case when a UE is semi-persistently configured UL resources (e.g. for a VoIP service), i.e. it is allocated an UL grant with some periodicity. 
In the case a UE has a semi-persistent resource configured for a VoIP flow or similar each packet arrival to an empty buffer will trigger a RA- or D-SR if the timing of the resource is not perfectly aligned with the packet arrivals. This means that the scheduler can not distinguish between a RA- or D-SR triggered by a VoIP frame or by higher priority data (e.g. SRB). The scheduler has either to ignore all SRs from the UE or schedule the UE dynamically for all SRs. In the first case SRB data might be delayed until the next semi-persistent resource comes up (and buffered VoIP data even longer since the semi-persistent grant is used for SRB data). If we want to do bundling of VoIP frames the waiting time could be 40 ms or more. In the second case there will not be much benefit of the semi-persistent resource at all, since both PDCCH grants and SRs will be sent extensively. This is also illustrated in Figure 1 where the events (1) and (2) mark the time of a VoIP packet arrival to an empty buffer and thus would trigger an unwanted SR, i.e. in case (1) and (2) the preferred solution is that no SR is triggered. Event (3) in Figure 1 marks the instant of a packet arrival related to a SRB and here the preferred solution is the opposite, i.e. a SR should be triggered to make the scheduler aware of the high priority data and enable a low delay before transmission.
The ambition is hence to enable SRB messages to be transmitted with as low delay as possible and VoIP transmissions to utilize the semi-persistently scheduled resource efficiently. Similar to the solution in Proposal 1, a prohibit timer for triggering SR (both RA-SR and D-SR) could be beneficial in order to enable a margin between the arrival of the packet and the semi-persistently scheduled resource. However, to avoid that SRs for VoIP data are triggered and transmitted, especially in situations involving bundling of VoIP frames, this timer must be set rather long, still resulting in long delays for SRB data. 
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Figure 1: Semi-persistent resource allocations and SR triggering. In case (1) and (2) a trigger of SR is not desired. In case (3) however, an SR is desired.

One possibility is to configure a prohibit timer for the RA- or D-SR so that the SR will not be sent if a semi-persistent resource is allocated some time in the future, and that this prohibit timer is associated to a certain Logical Channel Group LCG (typically the LCG used for VoIP). This will avoid RA- and D-SR when there is a semi-persistent resource available (talk spurt). During silent periods the semi-persistent resource will typically be revoked and the prohibit timer has no effect. This means that we will get the SR for SID frames and when to detect a new talk spurt. For other LCGs, not using this configuration, the procedure of triggering SR is no different from in the normal case.

An alternative solution could be to relate the semi-persistent grants to a certain LCG. This is something we do not see as feasible, hence the following proposal is stated:
Proposal 2: In case of persistent scheduling, it should be possible to associate a SR prohibit timer to a certain LCG, which will typically be a VoIP LCG.
4 Conclusion

This paper proposes that the triggering procedure of SR at the UE should take into account whether there is a valid grant issued, not only for the current TTI, but also for a certain number of future TTIs. In the standard case of dynamic scheduling using PDCCH grants, it is proposed that a SR should not be triggered if the UE knows about a grant in an upcoming subframe. In case of persistent scheduling, of e.g. a VoIP service, it is proposed that a SR prohibit timer can be configured in association with a specific LCG, which will often be a LCG of typeVoIP.
Proposal 1: In case the UE has information about a granted UL resource allocation within a future of x ms, it should neither trigger nor transmit a SR.
Proposal 2: In case of persistent scheduling, it should be possible to associate a SR prohibit timer to a certain LCG, which will typically be a VoIP LCG.
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