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1
Introduction

In last RAN plenary meeting a new WID [1] was approved, which aims at evaluating and improving UE power consumption and system efficiency in the context of diverse data application. 
During last RAN2 meeting, it was concluded that input on metrics, traffic and mobility models are needed to build a framework of evaluation.
This contribution is an update of [2] discussing the metrics to evaluate potential enhancements.
2
Discussion

2.1
UE power consumption optimization
2.1.1
Reducing the active time 

To reduce the UE power consumption, the eNodeB may configure DRX operation for the UE in RRC_CONNECTED state , i.e. on duration, inactivity timer, retransmission timer, long DRX cycle length, short DRX cycle length and  short DRX cycle timer. 
The DRX parameters should be selected according to the characteristics and QoS requirements of the ongoing service(s) (gaming, web browsing, file download, video telephony, other). Some of the possible services have standard characteristics [3]. Reducing the active time is expected to result in some additional delay sohere is a trade-off between performance and power saving.
In order to evaluate a DRX scheme, we believe the following simple criteria should be sufficient to cover the performance and power saving aspects:
-
Active ratio = TActive / TTotal
where TActive is the number of TTIs in which the UE monitors the PDCCH and TTotal  is the total number of TTIs
-
Scheduled ratio =  TScheduled/TActive
where TScheduled is the number of TTIs where the UE performs transmission on the PUSCH or the PDSCH
-
Average packet transmission delay (ms): the ratio of the sum of delay for each transmitted packets and the total number of transmitted packets;
-
Signalling overhead: signalling (PDCCH, MAC or RRC) between UE and eNB to adapt the DRX
-
Standard complexity and UE/eNB  impact
Proposal 1: DRX scheme proposals should include an evaluation of the active and the scheduled ratios, of the average packet transmission delay and of the amount of signalling to adapt the DRX (if any). 
2.1.2
Power-efficient active time
Ideally, the UE power consumption in RRC_CONNECTED state when the UE is not transmitting data should be similar to its power consumption in RRC_IDLE state.

We summarise the differences between the UE behaviours in the two states (excluding DRX periods):

	RRC_IDLE
	RRC_CONNECTED without data transmission/receiving 

	-   Blind decoding the PDCCH in common space for P-RNTI, SI-RNTI

-  RSRP/RSPQ measurement with lower requirement
	-   Blind decoding the PDCCH in common and dedicated space for P-RNTI, SI-RNTI, C-RNTI.

-  RSRP/RSPQ measurement with higher requirement
-  Radio Link monitoring 

-  CQI/PMI/RI measurement and reporting 

-  SRS transmission


The extra actions in RRC_CONNECTED state increase the power consumption of the UE, even though the UE may not have any data for transmission. For any proposal of a "power-efficient actives state", in addition to the previous criteria, we propose to evaluate:

-
the power consumption per TTI of the "power-efficient active state" relatively to the Rel-10 active time;
-
the power-efficient time ratio = Tpower-efficient / TTotal
where Tpower-efficient is the number of TTIs where the UE is operating in the new state
Proposal 2: Proposals for a new power-efficient active state should include, in addition to the evaluation criteria for DRX schemes, the evaluation of the relative power consumption per TTI of the new sage compared with Rel-10 active time and the ratio of TTIs spent in this state.
2.2
Improving the uplink control channel resource management
The uplink control channel can carry SR, CQI/PMI/RI and ACK/NACK.

A simple eNodeB strategy is to allocate PUCCH resources for SR for each UE in the RRC_CONNECTED state. As the SR period can affect the uplink data transmission delay, a sufficiently small SR period should be used. However, for many applications, the time until the next data packet arrival may be long so that a large amount of the SR resources are not used.
For PUCCH CQI/PMI/RI resources, a similar issue exists. CQI/PMI/RI reports reflect the downlink channel quality over time to assist the scheduling so a sufficiently small CQI/PMI/RI period should be used to stick to the channel conditions, which means the more resources. When the UE is in DRX, it does not report CQI/PMI/RI and the resources allocated for these reports are wasted. In addition, CQI/PMI/RI reports may not always be followed by data transmission.
A good enhancement should allow keeping more UEs with long idle periods in RRC_CONNECTED than currently possible in Rel-10 while preserving user experience (e.g. increasing the delay within acceptable range). Possibly, a larger amount of the uplink resources allocated for SR/CQI/PMI/RI could be effectively used and CQI/PMI/RI should be reported when really needed for subsequent scheduling. New mechanisms to enable the eNB to configure and reuse PUCCH resources to match as closely as possible the UE activity may be considered. 
For any solution proposals, the following criteria should be sufficient to evaluate the gains:
· Number of UEs with long idle periods which can be maintained in RRC_CONNECTED state for a given amount of resources (e.g. the number of PRBs for PUCCH)
· Average packet transmission delay (ms): the ratio of the sum of delay for each transmitted packets and the total number of transmitted packets;

· Signalling overhead: signalling (PDCCH, MAC or RRC) between the UE and the eNB to adapt the use of PUCCH resources
· Standard complexity and UE/eNB  impact
Proposal 3: Proposals for PUCCH enhancements should evaluate the number of UEs with long idle periods which can be kept RRC_CONNECTED, the average packet transmission delay and the amount of signalling to adapt PUCCH resource usage (if any).
In [4], an initial and detailed evaluation of current PUCCH efficiency with current mechanism was provided.

3
Conclusion

In this paper, we have an initial analysis on each objective of the related WID, and give the following proposals for further evaluation of possible enhancements:
Proposal 1: DRX scheme proposals should include an evaluation of the active and the scheduled ratios, of the average packet transmission delay and of the amount of signalling to adapt the DRX (if any). 
Proposal 2: Proposals for a new power-efficient active state should include, in addition to the evaluation criteria for DRX schemes, the evaluation of the relative power consumption per TTI of the new sage compared with Rel-10 active time and the ratio of TTIs spent in this state.
Proposal 3: Proposals for PUCCH enhancements should evaluate the number of UEs with long idle periods which can be kept RRC_CONNECTED, the average packet transmission delay and the amount of signalling to adapt PUCCH resource usage (if any).
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