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1 Introduction

Some general procedures for sending scheduling requests (SRs) have been agreed and captured in 36.321 [1]. In the E-UTRAN uplink, a UE without an allocated uplink transmission grant sends a SR as soon as data arrives in its buffer. During WG2#61bis the topic of SR avoidance was discussed and the subject of triggering of SR in relation to allocated uplink grants [2] treated. In particular the proposal 2 was discussed where, in case of persistent scheduling, it was proposed that it should be possible to associate a SR prohibit timer to a certain LCG, which will typically be a VoIP LCG. 
This document discusses the triggering of the SR and proposes clarifications for the stage 3 specifications to ensure efficient operation of the UL scheduler. 

2 Details of SR operation 
Currently 36.321 defines the triggering for an SR as follows:

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if the UE has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER;

-
else if a Regular BSR has been triggered since the last transmission of a BSR:

-
a Scheduling Request shall be triggered

Thus according to the current specification, the UE will send an SR immediately in all cases when UL PUSCH resources for a BSR are not configured. 

As already proposed in [2] and [3], it is often unnecessary for the UE to send an SR immediately. 

Therefore the eNB should be able to configure a delay period for a UE to wait before transmitting a SR when data arrives in its buffer. If a grant is received during this period, the UE would simply transmit a BSR using the transmission resources provided by the received grant.

The delay period should apply at least to low-priority data. The delay could therefore be configured per logical channel group. A typical example where a delay could be configured is the example of a persistent schedule for a VoIP LCG, as proposed in [2].

One motivation for this proposal is to avoid unnecessary transmissions on the PUCCH. Unlike the PUSCH, the PUCCH uses a shared time-frequency resource between multiple users, using a form of CDMA. Therefore any transmission on the PUCCH causes interference to other users of the PUCCH, reducing the received SIR at the eNB. Therefore from a physical layer perspective it is beneficial to minimise PUCCH usage as far as possible. 
· Another instance where PUCCH usage can be reduced is if the UE has already received a grant message which is applicable a short while later (typically about 3 ms). In this case the eNB cannot allocate a grant earlier than the one the UE has already received, so the UE should not send an SR. 

This is illustrated below:
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UL grant received here 

applicable  here  

UE should not send a SR in these subframes,  as the eNB cannot give a grant any sooner  than the grant that the UE already has.   


To take the above two considerations into account, we therefore propose a text proposal in section 5. 
3 Conclusions

From the point of view of uplink interference on the PUCCH, it is important to avoid unnecessary PUCCH transmissions. Therefore we propose two simple methods by which useless PUCCH transmissions can be avoided:

· if the UE has already received an uplink grant applicable to a later TTI; 

· if a waiting period has been configured for a particular LCG which does not need immediate SR transmission. 

A text proposal to define the SR triggering conditions is provided in section 5.
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5 Text Proposal

5.4.5
Buffer Status Reporting 

[ --- text omitted ---]

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if the UE has UL resources allocated for new transmission for this TTI or for any of the next max(3, NLCG-SR-delay) TTIs:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER;

-
else if a Regular BSR has been triggered since the last transmission of a BSR:

-
a Scheduling Request shall be triggered

where NLCG-SR-delay is configured by RRC signalling for each LCG group.
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UE should not send a SR in these subframes, as the eNB cannot give a grant any sooner than the grant that the UE already has. 












