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Discussion/Decision 
1 Introduction
In EDDA discussions general statements are made such as “The existing DRX mechanism with proper settings is a good mechanism from UE battery power savings point of view but further comparison with IDLE mode power consumption may be needed.”
The DRX mechanism comprises several timing settings i.e. onDurationTimer, drx-InactivityTimer, drxCycle which is respectively related with the power consumption and data latency performance. 
We believe that the defined evaluation metrics in TR [1] are not sufficient to show the detailed performance of DRX mechanism and make corresponding DRX improvements or reconfigurations if required. As a result, we propose six evaluation metrics and expect those metrics could provide adequate justifications for DRX mechanism. We also believe that the proposed metrics could be used in a live system, for tuning of DRX.
2 Discussion
DRX is used to control the UE’s PDCCH monitoring activity, when a DRX cycle is configured, the Active Time is determined by following parameters:
· drxCycle: Long DRX cycle is dependent on DCI response requirements
· onDurationTimer: Specifies awake time window for detecting a first DL transmission, normally short.

· drx-InactivityTimer: In case the UE is active (e.g. during on-duration) UE stays awake until this timer expires.
· drx-RetransmissionTimer:  To keep UE active to allow multiple HARQ transmissions to finish.
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drxStartOffset: The start offset is for eNB load distribution in time domain.
Fig.1. DRX mechanism
From DRX mechanism point of view, we think the aspects that should be evaluated in eNB may be broken as follows:

1) UE awake time ratio (partly already in TR [1]):

From DRX performance point of view, it is overkill to try to model in detail the UE power consumption, e.g. the additional power consumption to transmit or receive a certain amount of data on PUSCH and PDSCH. 

Instead the UE awake time ratio = UE awake time, monitoring PDCCH / Total time, represents sufficiently the DRX contribution to UE power consumption.  

2) Latency for DL packet (already in TR [1]):

An eNB may measure the queuing delay for data packets, e.g. to the next onDuration when DL packet has arrived at its buffer but UE was sleep. This metric could provide a reference to verify QoS requirements under DRX mechanism. 
While the metrics 1 & 2 would represent the main performance metrics, UE power consumption and Packet Latency, we think that the performance shown by these metrics would be heavily dependent on nature of the traffic in UL and DL, and we think it is not possible to understand reasons for the observed performance, and how to enhance the performance by DRX reconfigurations. 

3) onDuration opportunity utilization:
onDuration opportunity utilization is defined as a ratio of number of onDuration occations with a transmission / total number of onDuration occasions. For example, there are ten onDuration opportunities within 640ms while drxCycle is 64ms. Under this configuration, UE only decodes its C-RNTI in three opportunities and back to sleep after timer expiring on other opportunities. onDuration opportunity utilization in this case would be 30%. It is straightforward that a low utilization number means DRX will waste a lot of unnecessary UE power consumption and eNB may extend drxCycle to seek a proper tradeoff between power consumption and data latency.
4) Inactivity timer extension opportunity utilization:
Inactivity timer extension opportunity utilization is a ratio of inactivity timer extension opportunities with a transmission / total number of inactivity timer extension opportunities. We suggest that a new opportunity is counted whenever the timer is started or restarted. In general, drx-InactivityTimer is used to maintain the activity for a data burst whose IAT is smaller than a value. An inaccurate inactivity timer may either increase data latency (too short drx-InactivityTimer) or increase unnecessary UE power consumption (too long drx-InactivityTimer).  A small value of extended opportunity utilization could indicate there is a problem on the setting and eNB may perform re-configuration based on the information.
5) UL induced awake time ratio:
UL induced awake time ratio is defined as the UL induced awake time / total time, where the UL induced awake time includes times such as when the UE became awake (monitoring PDCCH) due to an UL transmission, and until UE goes to sleep or until the next onDuration start, whichever comes first UL induced awake time ratio could be used to detect traffic asymmetry that has impact to DRX, e.g. for UL heavy traffic, changes to the DRX cycle have little impact.
Below we give examples to explain how to use those four metrics and make proper DRX reconfiguration. We assume a DRX mechanism with drxCycle: 20ms, onDurationTimer: 4ms, drx-InactivityTimer: 8ms; in additional, SR period is configured with 5ms. Four kinds of traffic pattern as shown in Fig.2 are transmitted under the same DRX configuration and the evaluation results are summarized in table 1. 
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Fig.2. examples of different traffic pattern under identical DRX mechanism
Table 1 Evaluation results
	
	UE awake time ratio
	DL Packet Latency () 
	onDuration opportunity utilization
	Inactivity timer extension opportunity utilization
	UL induced awake time ratio

	Pattern 1
	60%
	0 ms
	100%
	0%
	0%

	Pattern 2
	50%
	1 ms
	50%
	100%
	0%

	Pattern 3
	58%
	0 ms
	25%
	33%
	40%

	Pattern 4
	70%
	2 ms
	100%
	0%
	25%


With the evaluations, the possible remedies to re-configure DRX mechanism for each traffic pattern may be made as:

· Pattern1: shorten drx-InactivityTimer since no need to extend the activity.

· Pattern2: extend drxCycle
· Pattern3: either to adjust drxStartOffset or extend drxCycle for letting UL packet been covered in onDuration
· Pattern4: shorten drx-InactivityTimer and drxCycle
It could be observed that suggested evaluation metrics could provide valid information to verify DRX performance and further improvements on DRX configuration could be made based on UE or eNB’s subject. 
If short DRX is used, the metrics need to be extended to support also short DRX configuration. For the short DRX we believe that the cycle length would be set primarily for sufficiently short latency / QoS requirements which is already captured by DL packet latency metric. 
In Short DRX, the drxShortCycleTimer is regulating how long time the UE would stay in short DRX after inactivity before transiting to long DRX cycle. In order to assess efficiency of different values for this timer, the following is proposed: 
6) Short cycle timer extension opportunity utilization:
Short cycle timer extension opportunity utilization is a ratio of drx short cycle timer extension opportunities with a transmission / total number of drx short cycle timer extension opportunities. We suggest that a new opportunity is counted whenever the timer is started or restarted. A low measured value indicates that there are few extension opportunitites used, and maybe either short DRX should not be used or the drx short cycle timer should be set longer. 
Proposal 1: RAN2 is suggested to discuss whether additional evaluation metrics for DRX are needed.

Proposal 2: UE awake time ratio, Latency for DL packet, onDuration opportunity utilization, Inactivity timer extension opportunity utilization, UL induced awake time ratio and  Short cycle timer extension opportunity utilization could be good candidates if additional evaluation metric is needed.
3 Conclusion
In this document, we propose six  metrics for evaluating DRX performance that can be used both for simulator studies and in live systems:

· UE awake time ratio, 
· A ratio of awake time compared to total time. 
· Latency for DL packet, 
· Buffering delay for a DL packet. 
· onDuration opportunity utilization, 
· A ratio of used opportunities compared to all opportunities by onDuration. 
· Inactivity timer extension opportunity utilization, 
· A ratio of used opportunities compared to all opportunities by inactivity timer. 
· UL induced awake time ratio
· A ratio of awake time induced by UL transmission compared to total time
· Short cycle timer extension opportunity utilization 
· A ratio of used opportunities compared all opportunities by drx short cycle timer.  
An easy example is given in this paper to explain how to use them and consequently make corresponding improvements on the DRX configuration. RAN2 is required to consider and decide the proposal:
Proposal 1: RAN2 is suggested to discuss whether additional evaluation metric for DRX mechanism is needed.

Proposal 2: UE awake time ratio, Latency for DL packet, onDuration opportunity utilization, Inactivity timer extension opportunity utilization, UL induced awake time ratio and  Short cycle timer extension opportunity utilization could be good candidates if additional evaluation metric is needed.
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