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Discussion and Decision
1
Introduction

Purpose of this paper is to capture different DRX control proposals and consider whether UE is not required to enter non-DRX after every ending of measurement report. 
2
Requirements
Following requirements from [25.913] have direct or indirect impact on the requirements for E-UTRAN DRX/DTX overall design:

1) E-UTRAN is packet based.

2) Real time and conversational class traffic shall be supported.

3) E-UTRAN architecture shall support end-to-end QoS.

4) Delay variations (jitter) shall be taken into account in the design.

5) UE battery life (standby and active) shall be considered.

6) UE complexity and power consumption shall be minimized/optimized.

Summarizing these requirements for the overall DRX functionality, it can be said that E-UTRAN is a packet based system supporting both real-time and conversational class traffic. Besides this the delay variations (jitter) shall be taken into account as well as the UE battery life (Idle and Active) shall be considered. Finally UE complexity and power consumption shall be minimized/optimised.

Based on the requirements listed above and input from various earlier papers related to the DRX topic [1-6] it seems that the DRX scheme for E-UTRAN Active mode needs to ensure support for:

1) Fast throughput between network and UE

2) Good power saving possibilities on UE side

The first point states the need for support of short DRX whenever possible, while the second point states the need for being able to apply as long DRX as possible whenever possible.

Besides supporting this flexibility the overall DRX scheme needs to assure that setting and changing the DRX interval is done in such a way that the network and UE are synchronisation is maintained at all times when it comes to the DRX interval:

3) Maintain network and UE DRX interval synchronisation

These three basic features are needed for the E-UTRAN Active mode DRX 
2.1 
DRX per UE vs. DRX per Radio Bearer

Each radio bearer has its own QoS requirement. Attributes such as delay requirement and traffic arrival pattern will be different for each traffic type. For example, small amount of traffic with known data size is generated in every 20ms for VoIP. On the other hand, unknown amount of traffic with irregular period is generated for BE service. Accordingly, optimal DRX period for each radio bearer is different.

Option 1: In this case, one easy and safe solution is for eNB to inform UE of the DRX values for each radio bearers and for UE to use the minimum DRX value among the configured radio bearers. 
Supporting companies:,
Option 2: Alternatively it is possible that the eNB decides the DRX value to be used and signals this value to the UE. In fact, typical moments of DRX value changes may be the time when a radio bearer is added or removed. In this case, because RRC signalling will be used anyway, DRX value change can be easily done. This method allows very flexible handling of DRX e.g. in case of BE, which is very bursty eNB can change used DRX accordingly. Additionally it is possible for eNB to adjust DRX value due to scheduling load or congestion and allows fl

Supporting companies: Nokia, LGE, ETRI, NTT DoCoMo&Ericsson (But DRX may be on radio bearer level in the eNB, which combines them and signals only one DRX to UE), Qualcomm
Conclusion: ??

3
DRX proposals

General understanding in RAN2 seems to be that at DRX periods UE receives L1/L2 control channel thus allowing for both UL and DL allocations.
3.1
Duty cycle proposal

Control principle [3,4]:

-
DRX cycle controlled (both shortening and lengthening supported) by the NW and signalled to the UE either by RRC or MAC

-
At DRX cycle the UE resumes non-DRX (or short DRX) operation for predefined time or ending of non-DRX is explicitly signalled  NOTE: In some proposal UE always enters non-DRX at DRX cycle and in other proposals it does not enter non-DRX until scheduled at DRX cycle
Pros:

· Very simple 

· Works well for VoIP type of applications – DRX cycle set to packet arrival rate (e.g. 20ms)

· No signaling overhead

Cons:

· Pure duty cycle proposal might  not provide good performance for HTTP type of applications where packet arrival rate is unpredictable. After first packet next packet may arrive very quickly but it may also take couple hundreds of milliseconds.  E.g. if DRX cycle is set to 1 seconds then it might delay of delivery of those packet by 1 second unless UE is forced to stay in non-DRX for very long time thus causing excessive battery consumption. Of course during duty cycle NW could signal new DRX values to the UE and signal them again when NW wants UE to enter longer DRX again.
Supporting companies: Samsung, NTT DoCoMo, Panasonic, 
3.2
Two level approach (LGE, Nokia)

Control principle [1,2]:
-
eNB configures 1st level DRX length by RRC signalling 
-
at the first subframe of each 1st level DRX period, the UE checks L1/L2 control channel to find whether there is any downlink data for it 

-
If UE is scheduled UE may either enter non-DRX (until this point this is similar to duty cycle proposal) or 2nd level DRX period, which may be preconfigured one or signalled explicitly (MAC, RRC or L1/L2 signaling channel) 
- 
If UE entered non-DRX it may resume 2nd level DRX by explicit signalling or implicitly after some period of inactivity.  2nd Level DRX is valid as long it was configured or until the next occurrence of 1st level DRX period.
Pros:

· Provides good support for VoIP type of applications (setting 1st level DRX to packet arrival rate)
· Provides good support for HTTP type of applications i.e. 1st level DRX can be rather long e.g. 1 second and when packet arrives to eNB, UE is commanded to use 2nd level DRX (e.g. 40ms). And even if eNB receives more IP packets few tens of milliseconds later, the delivery of those packets is not delayed until next 1st level DRX occurrence, but until 2nd level of DRX

· It is possible to switch to shorter DRX and back to longer DRX without explicit signaling

Cons:

· Not as simple as duty cycle proposal

· Needs some signaling to give 2nd level DRX (at least to preconfigure 2nd level DRX)

Supporting Companies: LGE (UE entering non-DRX at 1st level DRX if scheduled), Nokia (UE entering 2nd level DRX if scheduled at 1st level DRX), ETRI (both 1st and 2nd level DRX configured by RRC – autonomous change to 2nd level DRX), 
3.3

Fixed DRX/DTX control (for fixed packet arrival services e.g. VoIP)
Control principle [3]
-
Fixed DRX/DTX period throughout the RB connection regardless of traffic activity (e.g. for VoIP RTP RB)
-
Only RRC signalling used at radio bearere setup
-
Configuration of DRX/DTX parameters (i.e. DRX period and timing) at radio bearer setup by RRC

Pros:

· Simple setup
· Supports VoIP nicely, but what happens if VoIP packet needs to be segmented (low BW cases)
Cons:


-

Supporting companies: 
4
DRX after UL activity
RAN2 has identified need for possible DRX changes after UL transmission. Currently discussions have been concentrated on how UE behaves after sending of Measurement Report, but RAN2 should address possible UE action after any UL transmission (e.g. user data packet sending). 
4.1
DRX after Measurement Report

In the [5] it was proposed that in some cases it is not beneficial for UE to enter non (or short) DRX period after sending of Measurement Report, because all measurement reporting events do not trigger HO. If there exist that kind of measurement events then it is good to avoid unnecessary power consumption..
Possible scenarios when Measurement Report does not trigger handover:

· Some NW self configuration measurement reports 

· What would be a trigger for sending measurement report for NW self configuration if it will never trigger handover?

· Other?

Conclusion: None
5
Conclusions

In this email discussion all current proposals in RAN2 for handling DRX were summarised and also it was tried capture pros and cons of each proposal. Also DRX behaviour after Measurement Report was considered in the discussion.
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