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1 Introduction

At RAN2#67bis it was discussed whether the intention of the Rel-8 specification is to include, in the UEs Active Time, the time between triggering of an SR until the actual transmission of the SR; i.e., whether UE shall monitor PDCCH from the moment a SR is triggered or from the moment an SR is transmitted.

Some companies understood that to improve UE battery performance the UE need not monitor the PDCCH until the SR is transmitted. Others understood the Rel-8 intent is to have UE monitoring PDCCH also before the SR is transmitted and that this would be beneficial for latency reduction by means of ‘pre-allocation’. 

RAN2#67bis concluded that the Rel-8 intent was to have the UE monitor the PDCCH from the moment SR is triggered. However, it has been identified that this behaviour will severely impact UE DRX opportunity, in particular for VoIP traffic. This contribution highlights the DRX issue resulting from the Rel-8 Active Time definition w r t D-SR and proposes to clarify that the UE monitors PDCCH due to D-SR from the time the D-SR is transmitted on PUCCH.
2 DRX and D-SR induced PDCCH monitoring
It is understood that before the D-SR has been transmitted on PUCCH the eNB is not aware that new (higher priority) data has become available for transmission in the UE. Thus, assuming that UE is not in Active Time due to some other reason, an uplink grant would typically not be provided on PDCCH before D-SR has been transmitted. One exception to the rule would be the application of ‘pre-allocation’ of uplink resources blindly to the UE to optimize uplink latency. For pre-allocation the early PDCCH monitoring enables the UE to receive the ‘unsolicited’ uplink grants and reduces uplink latency. Thus, when the UE should start PDCCH monitoring (w r t D-SR) would appear to be a tradeoff between UE battery efficiency and pre-allocation efficiency.

2.1 UE battery efficiency

For traffic with periodic uplink transmissions where the data inter-arrival time is on the same order as the SR-trigger to UL-transmission latency, the behaviour confirmed at RAN2#67bis severely limits DRX opportunity and performance. In the following we consider the DRX performance for VoIP.

We assume an SR periodicity of 20ms, packet arrival uncorrelated to the SR opportunity and a constant packet inter-arrival time of 20ms. Because the size of the VoIP packet is rather small, the UE buffer becomes empty between the packets and each VoIP packet triggers a regular BSR and SR. 
2.1.1 UE monitors PDCCH from SR trigger

With the ‘confirmed’ behaviour, the UE will monitor PDCCH
1. 0 – 20 ms from SR trigger until D-SR opportunity
2. at least 6 ms from D-SR opportunity until the SR is cancelled (transmission of SR, detection by eNB, immediate issue of uplink grant and UE pre-PUSCH-transmission processing)

Thus, for each VoIP packet, the minimum UE Active Time varies between 6 – 26 ms and is 16.8 ms on average if averaged over many sessions. This corresponds to a DRX potential of less than 25%. Note that during a session packets arrive in a very regular fashion and averaging per UE and session does not occur. We further note that this minimum Active Time does not include PDCCH monitoring for retransmissions, nor does it account for associated downlink traffic. Thus DRX opportunity may in practice be even more limited; possibly non-existent during the talk period of the UE . 
The Active Time can be reduced by configuring the UE with a shorter D-SR periodicity. However, this requires more uplink resources to be allocated to PUCCH and is not always justified from a delay budget point of view. Less resources will be available for PUSCH and capacity may be limited due to DRX considerations. To ensure that Active Time due to D-SR is less than half the VoIP packet inter-arrival time (i.e., below 10 ms), D-SR periodicity would need to be less than 5 ms. 
2.1.2 UE monitors PDCCH from SR transmission

If UEs’ monitoring of PDCCH would start at D-SR transmission, the waiting time for D-SR opportunity is eliminated and UEs’ D-SR induced monitoring of PDCCH is independent of the D-SR periodicity. The decoupling of Active Time from the D-SR periodicity is a nice property, but more important is that the D-SR induced PDCCH monitoring becomes significantly reduced and UEs’ DRX opportunity significantly improved. DRX potential is nearly 75% compared to less than 25% with PDCCH monitoring from SR trigger. 
2.2 Pre-allocation efficiency

W r t pre-allocation it is envisioned that UEs’ lesser availability between SR trigger and D-SR transmission can be compensated with a shorter DRX cycle. Efficient pre-allocation can be achieved by configuring a shorter DRX cycle. 
3 Alternative approach

An alternative approach to changing the definition of the D-SR induced Active Time, as proposed in Subsection 2.1.1, would be to provide the eNB with detailed timing information about when the SR was triggered. This would allow the eNB to adjust the timing of periodic uplink grants so that they can be provided shortly after SR trigger and minimize the time until SR cancellation. The information could be provided with an uplink MAC Control element.

While this is a feasible alternative, it seems a little more complex than redefining the start of PDCCH monitoring w r t D-SR on PUCCH. 
4 Summary and conclusion
For traffic with periodic uplink transmissions the behaviour confirmed at RAN2#67bis severely limits DRX opportunity and performance. The problem is evident especially for VoIP traffic and when data inter-arrival time is on the same order as the latency between SR-trigger and actual uplink transmission. Unless a mechanism is introduced, which provides the eNB with accurate timing information about voice data arrival in the UE, DRX becomes virtually disabled. To achieve acceptable DRX performance, it is proposed to revisit the assumption that UEs monitor PDCCH from SR trigger and discuss whether UEs should rather monitor PDCCH from D-SR transmission or a mechanism should be introduced to enable eNB to minimize UE Active Time due to D-SR. Based on our analysis updating the Active Time due to D-SR is simpler and preferred, but introducing an uplink MAC Control element with SR delay information is also doable.

Proposal 1: It is proposed to discuss whether the poor DRX performance for, e.g., VoIP is acceptable.

Proposal 2: It is proposed to clarify that, w r t D-SR, UE Active Time begins at D-SR transmission.

Proposal 3: If proposal 2 is not agreeable, it is proposed to introduce an uplink MAC Control element with SR delay information in Rel-9.

CRs corresponding to proposal 2 are provided in [1] and [2]. A CR corresponding to proposal 3 can be provided by Ericsson if proposal 3 is agreed.
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