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1. Introduction

DRX was agreed to be used in LTE_ACTIVE. However, there are several open points on usage of DRX in LTE_ACTIVE as discussed in [1]

 REF _Ref151920586 \r \h 
[2]. Based on email discussion after RAN2#56 meeting until 13th of Dec, following behaviours on DRX in LTE_ACTIVE was basically summarised.
Measurement for UE in DRX can be characterized as follows:

- Measurement requirement depends on DRX interval or activity of the UE
- Serving cell’s radio condition is used as criterion to have the measurement, if DRX interval is longer than some threshold
- Measurement reporting criteria to be used can be changed by DRX interval
Handover procedure for UE in DRX can be characterised as follows:

- Only limited delay (e.g. 10ms as maximum for waiting next RACH slot) is required to transmit measurement report after event trigger

- Continuous reception can be resumed after measurement report transmission, and this was controlled by layer2. Avoidance of unnecessary resuming continuous reception can be studied further.
In RAN2 phone conference on 13th of Dec, concern was raised that sub-state might be introduced by above assumption, and following topics were identified as further investigation points.

Issue 1: Whether measurement factor depends on activity factor or not? Here, measurement factor means set of measurement configurations.
Issue 2: If issue1 is yes, how can UE change it? Is it based on explicit measurement control message from network? Or can UE select different measurement factor by itself without additional signalling for measurement configuration?

Issue 3: In case UE can select different measurement factor as result of issue2, what are the criteria to select different measurement factor? 

In this document, we discuss above three topics. Contents of document which was presented in RAN2 phone conference on 13th of Dec are also included to show discussion on email. However, the content doesn’t intend to show agreement.
2. Discussion

2.1. Measurement factor depends on activity factor?
Main objective to use DRX in LTE_ACTIVE is for battery power saving, and the requirement is severe, since battery power consumption of UE in DRX in LTE_ACTIVE should be same as that of UE in LTE_IDLE. Hence, it’s necessary to change measurement factor based on activity factor. Otherwise, battery consumption in LTE_ACTIVE won’t be able to satisfy above requirement.
Current summary: Measurement factor depends on activity factor
2.2. How can UE change measurement factor?
As discussed in section2.1, measurement factor should depend on activity factor. To control this, two methods can be considered as follows:
Method 1: Measurement control message is used to change measurement factor as explicit signalling from network. 

Method 2: UE select different configuration by itself without additional signalling for measurement configuration.
Following behaviour and characteristic for each method can be seen as general consideration.
Method1: 
· eNB decides measurement configuration based on current UE activity factor, and sends measurement control message to carry the measurement configuration information.

· UE performs measurement as configured by measurement control message.
· It will be expected that measurement control message is RRC message, and then eNB RRC needs to know current UE activity factor from MAC.

Method2:

· eNB decides measurement configurations for each UE activity factor, and sends measurement control message which includes those measurement configurations.
· UE stores measurement configurations which are transmitted by measurement control, and selects one of measurement configurations stored in UE based on activity factor.
· It will be expected that UE activity factor (DRX interval) is controlled by MAC. Hence, measurement configuration will be selected by MAC, or indication from MAC will be required to RRC or physical layer.
· It could be considered that one measurement configuration and method to change measurement factor are informed to UE by measurement control message. Or, it also could be considered that method to change measurement factor is static. In this case, only one measurement configuration is informed to UE.

2.3. What are the criteria to change measurement factor?
Whether measurement factor is updated by UE autonomously (Method2 in section2.2) or not depends on result of section2.2. However, it will be worth to consider criteria to change measurement factor, since these criteria can be used by NW based approach (Method1 in section2.2) as eNB implementation. 
As we already discussed, DRX interval length might be criterion to change measurement factor. That is, if DRX interval configured by eNB is longer than some threshold, UE can change measurement factor. The threshold can be configured by eNB or might be specified in specification.

We might be able to use other parameter than DRX interval length. List of possible criteria is as follows:
· DTX interval length (FFS, if this is defined separately )

· UL synchronisation or UL un-synchronisation
· UE mobility (e.g. speed)
· …
3. Conclusion
In this document, we discussed measurement behaviour for DRX in LTE_ACTIVE. Based on discussion so far, we believe that we can agree that measurement factor depends on activity factor. Therefore, we proposed that RAN2 discussed following two issues as stated in section2.2 and 2.3.
· How can UE change measurement factor, NW explicit signalling or UE autonomous update?
· What are the criteria to change measurement factor?
In addition, there were other remaining issues on document which was discussed in RAN2 phone conference on 13th of Dec. We also proposed to discuss those following issues.
· Can Length of DRX interval in LTE_ACTIVE be same as Length of DRX interval in LTE_IDLE (e.g. 5.12s)?

· Can we use same measurement reporting criteria during UE in DRX?

· How can UE use dedicated resource request during UE in DRX?

· How many UEs are in relatively long DRX?

Annex
Contents of document which was treated in RAN2 phone conference were included below.

4. Introduction
DRX was agreed to be used in LTE_ACTIVE. However, there are several open points on usage of DRX in LTE_ACTIVE as discussed in [1]
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[2]. In this document, we summarized issues on DRX in LTE_ACTIVE on following points.
· DRX Length and Measurement interval

· Number of UEs in DRX

· Mobility procedure for UE in DRX

In this document, we mainly discuss relatively long DRX in LTE_ACTIVE.
5. Discussion
5.1.  DRX Length and Measurement interval
In RAN2#56 meeting, it was stated that there is no strong reason not to have the same DRX length for LTE_IDLE and LTE_ACTIVE like UMTS. However, if long interval for DRX in LTE_ACTIVE is allowed, UE in DRX would leave serving cell area during DRX interval. This would lead Radio Link Failure (RLF), since current RAN2 assumption is that only NW based mobility procedure is used for LTE_ACTIVE. On the other hand, it might be argued that long DRX UE has a low activity, and RLF is not a problem in this case. We can summarize as following alternatives. In case of DRX Interval Alt.2 and Alt.3, maximum DRX Interval can be 5.12s as same as maximum DRX interval in UMTS. In DRX Interval Alt.1, DRX interval should be set to support NW based mobility, and the maximum DRX interval also should be defined.
DRX Interval Alt.1: DRX interval in LTE_ACTIVE is relatively shorter compared with DRX interval in LTE_IDLE (e.g. 1s for LTE_ACTIVE, and 5.12s for LTE_IDLE)
DRX Interval Alt.2: DRX interval range in LTE_ACTIVE overlaps DRX interval range in LTE_IDLE, and No UE based mobility is supported
DRX Interval Alt.3: DRX interval range in LTE_ACTIVE overlaps DRX interval range in LTE_IDLE, and UE based mobility is supported
Relating with this DRX interval discussion, RAN2 needs to consider measurement interval during DRX. This issue was discussed in [2], and roughly following two alternatives are identified.
Measurement Alt.A: Measurement requirement for UE in DRX is same as for UE in non-DRX
Measurement Alt.B: Measurement requirement depends on DRX interval or activity of the UE
Combination of three DRX interval alternatives and Measurement alternatives are shown in Table 1.
Table 1: Combination of DRX interval alternatives and Measurement alternatives
	
	
	Measurement Alt.A
(Measurement requirement is same as for UE in non-DRX)
	Measurement Alt.B
(Measurement requirement depends on DRX interval and activity)

	DRX interval Alt.1

(DRX inteval in LTE_ACTIVE) < (one of LTE_IDLE)


	RLF
	RLF won’t occur, since DRX interval is relatively short and measurement interval is same as active in LTE_ACTIVE.
	RLF rarely occurs, since DRX interval can be relatively short but measurement interval is relatively long compared with active in LTE_ACTIVE.

	
	Battery power saving
	not good
	isn’t so good, because of relatively short DRX interval

	
	UE/eNB complexity
	low
	low

	
	DRX interval setting
	No consideration is required for DRX interval setting
	No consideration is required for DRX interval setting

	
	Testing cost
	easy
	medium because of several DRX interval

	DRX interval Alt.2

(DRX inteval in LTE_ACTIVE) = (one of LTE_IDLE),

NW based mobility,


	RLF
	RLF rarely occurs, since DRX interval can be long but measurement interval is same as active in LTE_ACTIVE
	RLF will occur, since DRX interval can be long and measurement interval is relatively long compared with active in LTE_ACTIVE.

	
	Battery power saving
	not good
	good

	
	UE/eNB complexity
	low
	low

	
	DRX interval setting
	No consideration is required for DRX interval setting
	Some consideration is require for DRX interval setting (e.g. for high speed UE, and small cell size)

	
	Testing cost 
	easy
	medium because of several DRX interval

	DRX interval Alt.3

(DRX inteval in LTE_ACTIVE) = (one of LTE_IDLE),

UE based mobility


	RLF
	RLF won’t occur, since UE based mobility is used.
	RLF won’t occur, since UE based mobility is used

	
	Battery power saving
	not good
	good

	
	UE/eNB complexity
	medium because of UE based mobility support
	medium because of UE based mobility support

	
	DRX interval setting
	No consideration is required for DRX interval setting
	No consideration is required for DRX interval setting

	
	Testing cost
	medium because of two mobility procedure
	high because of two mobility procedure and several DRX interval


DRX length Issue1:  Which combination in above table should be used for UE in DRX?
DRX length Issue2:  In case of DRX interval Alt.1, how long is maximum DRX interval in LTE_ACTIVE?
5.2. Number of UEs in DRX
The length of C-RNTI was agreed as 16bit as working assumption. C-RNTI is unique within the cell. This means 65536 (=216) UEs can be supported in LTE_ACTIVE including UEs in DRX in each cell as stated in [3]. Although first calculation is carried out in [3], RAN2 conclusion is not yet obtained. The number of UEs in non-DRX in LTE_ACTIVE could be decided based on eNB frequency bandwidth capability. However, to decide the number of UEs in DRX in LTE_ACTIVE could not be possible by only frequency bandwidth capability. In order to have some consensus on required number of UEs in DRX, we summarized Pros and Cons of DRX in LTE_ACTIVE compared with LTE_IDLE.
DRX in LTE_ACTIVE:

Pros:

· Call setup delay can be reduced
· Load of paging can be reduced, since location of UE is known to network in cell level
· Frequent state transition and signalling for state transition (e.g. call setup signalling) can be avoided
Cons:

· eNB needs to store UEs context and reserve resource like;
· UE bearer information
· S1 connection
· eNB needs to handle UE mobility per cell. Battery power consumption will be lager compared with LTE_IDLE because of mobility procedure (please see section2.3), and load of mobility procedure (incl. RACH attempt in target cell) might not be negligible.
Number of UEs Issue:  How many UEs in DRX should be supported in each cell?
5.3.  Mobility procedure for UE in DRX
Mobility procedure for UE in DRX depends on whether UE based mobility is supported or not as discussed in section 2.1. But, it would be worth to discuss NW based mobility procedure for UE in DRX, since current RAN2 working assumption is no UE based mobility. Possible NW based mobility procedure for UE in DRX can be illustrated in Figure 1. Two steps would be required for this behaviour, such as 1) Measurement, 2) Handover procedure. We discuss these two steps further below. Please note that we assume scenario which uses relatively long DRX/DTX interval (e.g. long sleep period in Figure 1).
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Figure 1: Mobility procedure for UE in DRX
5.3.1.  Measurement
Main motivation to use DRX in LTE_ACTIVE is to save battery consumption. Three topics need to be discussed to reduce battery power consumption on measurement behaviour. 
1) To change measurement interval as discussed in section2.1. 
2) To minimize measurement object. In UMTS cell reselection, radio condition of serving cell is used for the criteria whether to have the measurement for neighbour cells. This behaviour could be applied to UE in DRX in LTE.
3) To minimize measurement reporting occasion. In LTE_ACTIVE, several types of measurement reporting criteria might be used like event1a, 1b and 1c in UMTS. Although event occasion like event1a, 1b and 1c could be reduced for UE in DRX by introducing long measurement interval and using serving cell’s radio condition as criterion for the measurement as discussed above, event1a, 1b and 1c would still occur in some scenario. These measurement reports are not necessary to be transmitted to eNB. Only event1d is required to be reported. Therefore, it should be discussed whether UE in DRX needs to support same measurement reporting criteria with UE in non-DRX. This behaviour is also related with traffic load, if many UEs remain in LTE_ACTIVE by using DRX. As summary, following two points should be considered.
Measurement issue1:  Does UE in DRX use serving cell’s radio condition as a criterion to have the measurement?
Measurement issue2:  Does UE in DRX use same measurement reporting criteria with UE in non-DRX?
5.3.2.  Handover procedure
In NW based mobility procedure, UE needs to transmit Measurement Report to source eNB and receive Handover Indication from source eNB. When the event is triggered, UE transmit Measurement Report. There are two following possible approaches to transmit Measurement Report:
A) UE waits for next active period after the event is triggered

B) UE sends Measurement Report as soon as the event is triggered

Because Measurement Report could be transmitted as soon as possible, B) would be better choice. Un-sync RACH or dedicated resource request could be used to send resource request for measurement Report. In case of un-sync RACH, only 10ms delay is assumed.
After Measurement Report reception, serving eNB starts handover preparation, and sends Handover Command message to UE. However, if UE remains in DRX, eNB needs to wait for active period for message transmission. This leads additional delay for handover. From following reasons, some period might be required to stop DRX for UE.
· Explicit signalling is required to synchronize DRX interval between UE and eNB
· DRX interval can be decided only by eNB to have consistency with discussion of gap allocation for measurement. 
The timing of Handover Command transmission is an important topic to support NW based mobility. UE activity handling for Handover Command reception should be discussed.
Handover issue1:  Can Measurement Report be transmitted without waiting for the next active period?
Handover issue1-1:  If above answer is yes, can un-sync RACH be always used? Or can dedicated resource request be used?
Handover issue2:  How should UE handle UE activity for Handover Command reception?
6. Summary of discussion
The email discussion was held from 24th of Nov. Based on email discussion, following is a summary of discussion so far.

Combination of DRX interval alternatives and Measurement alternatives:
Possible alternatives: [editor’s comment: Can we rule out other combinations?]
· Combination of Measurement Alt.B and DRX interval Alt.1
· Combination of Measurement Alt.B and DRX interval Alt.2
· Combination of Measurement Alt.B and DRX interval Alt.3
Alternatives which are not under RAN2 assumption:

· Combination of Measurement Alt.A and DRX interval Alt.1
· Combination of Measurement Alt.A and DRX interval Alt.2

· Combination of Measurement Alt.A and DRX interval Alt.3

Maximum DRX interval in case of DRX interval Alt.1:

· 1 seconds [editor’s comment: any other view]
Number of UEs in DRX:

[editor’s comment: any view especially from operators]
Mobility procedure:

Agreement of Measurement: [editor’s comment: Can we agree on this?]
· UE in DRX uses serving cell’s radio condition as criterion to have the measurement
Agreement of handover procedure:

· Measurement report should be transmitted without waiting for active period by transmission of resource request by un-sync RACH and dedicated resource request
· Continuous reception is resumed to receive Handover Command message after measurement report. RACH procedure or dedicated resource request are used as trigger to resume continuous reception in layer2.
Remaining issue:

· Does UE in DRX use different measurement reporting criteria with UE in non-DRX? (e.g. only event1d for UE in DRX or same as UE in non-DRX)
· Can dedicated resource request be used for UE in DRX? If yes, what is the behaviour?
7. Conclusion
As stated in section3, we can agree on several topics. Therefore, we propose to agree following points as working assumption and remaining issues which come from working assumption. We also propose to discuss mainly remaining issues in RAN2.
[Proposed working assumption]

Measurement for UE in DRX is different from measurement for UE in non-DRX as follows:

- Measurement requirement depends on DRX interval or activity of the UE
- UE in DRX uses serving cell’s radio condition as criterion to have the measurement
- UE in DRX uses different measurement reporting criteria with UE in non-DRX
Handover procedure for UE in DRX can be characterised as follows:

- Only limited delay (e.g. 10ms as maximum for waiting next RACH slot) is required to transmit measurement report after event trigger
- Continuous reception is resumed after measurement report transmission, and this was controlled by layer2
[Remaining issues]

- Length of DRX interval in LTE_ACTIVE (e.g. RX interval alt1 or alt2/3)
- Measurement reporting criteria during UE in DRX

- Dedicated resource request during UE in DRX
- Number of UEs in relatively long DRX
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