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Discussion/Decision
1 Introduction

The contribution is to summarize the e-mail discussion on LTE DRX cycle changes. The goal is to make a consensus on the way forward. 

[1] raised an issue on the potential ambiguity on UE behaviour when DRX cycle changes. The discussion during RAN2 #69 disclosed several aspects.

· Operations in 5.7 of 36.321 w.r.t the order between DRX cycle change and onDurationTimer test are implemented in two different ways by companies. 

· The problem occurs only when the short DRX cycle is implemented.

· In REL-8, there is no test case for the short DRX cycle. 

During the discussion, it was made clear that there is no decisive majority between two interpretations. It was also turned out that no company want to change their implementation. Considering above, the best way to resolve the issue seems to be first check whether there would be any serious problem if two different interpretations coexist in REL-9. If not, it would be possible to resolve the problem without any change in the specification and without enforcing the change of any companies implementation.
Section 2 will discuss the severity of the problem to see whether it is possible to allow the different interpretations. Section 3 summarizes the e-mail discussion. Section 4 presents the possible conclusion and issues that requires RAN2 decision.

2 How severe the problem is?
Case 1: Short DRX to Long DRX transition
The different interpretations will lead to the different consequence if the DRX cycle changes from the Short DRX to the Long DRX in a subframe (i.e. drxShortCycleTimer expires in the subframe) and if the onDurationTimer is supposed to start with the Short DRX cycle applied. 
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For example, let’s assume onDurationTimer starts at subframe 0, 20, 40, .. with the Short DRX cycle while it starts at subframe 0, 100, 200,... with the LongDRX cycle. Let’s further assume that DRX cycle changes from short to long at e.g. subframe 20. If interpretation 1 (onDurationTimer test first and DRX cycle change next) is applied, onDurationTimer starts at subframe 20. If interpretation 2 (DRX cycle change first and onDurationTimer test next) is applied, onDurationTimer does not start at subframe 20. 

Table 1 below summarizes the consequence when the network and the UE have different interpretations.

	Scenarios
	Consequences

	NW: interpretation 1

UE: interpretation 2 
	NW consider UE starts onDurationTimer
UE does not starts onDurationTimer
NW may try to schedule the UE while it is not monitoring the PDCCH 

	NW: interpretation 2

UE: interpretation 1
	NW consider UE does not starts onDurationTimer
UE starts onDurationTimer
UE wastes the battery power unnecessarily


Case 2: Long DRX to Short DRX transition
Similar problem occurs when DRX changes from long to short in a subframe and the onDurationTimer is suppose to start with the short DRX cycle applied. It is described in the figure 2.
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Assuming DRX cycle changes from Long to Short at subframe 120, the same problem arise. The scenario seems unrealistic at the first glance, but may happen sometime. For example, if the drx-InactivityTimer having started during the previous on-duration expires at 120 or DRX command MAC CE is received at 120, the DRX cycle changes from long to short at that subframe. If interpretation 1 is applied, onDurationTimer does not start. If interpretation 2 is applied, onDurationTimer timer starts.

Table 2 summarizes the consequence when the network and the UE have different interpretation

	Scenarios
	Consequences

	NW: interpretation 1

UE: interpretation 2
	NW consider UE does not starts onDurationTimer 

UE starts onDurationTimer
UE wastes the battery power unnecessarily 

	NW: interpretation 2

UE: interpretation 1
	NW consider UE starts onDurationTimer
UE does not starts onDurationTimer
NW may try to schedule the UE while it is not monitoring the PDCCH


3 Summary of the discussion
Table 3 captures the company opinion w.r.t whether the different implementation is acceptable. If it is not acceptable for a company, the company is requested to provide the view on which interpretation is correct. 

	Companies
	Comments
	Acceptable?


	Preferred interpretation


	Samsung
	Two types of problem exist.

· Problem 1: Unnecessary battery power consumption

· Problem 2: onDurationTimer not running in UE

Problem 1 is trivial since the additional battery power consumption is limited to a single on-duration.

Problem 2 may be severe because ENB would assume UE to stay in the short DRX cycle while UE consider itself in the long DRX cycle. This is the case when NW schedules the UE during the misaligned on-duration. For that case, NW may starts drx-InactivityTimer after issuing PDCCH for new transmission.  

However, NW could be smart to not start drx-InactivityTimer in this case. This may not be difficult because this problem happen possibly only at the subframe where drxShortCycleTimer expires.

On the right interpretation

If DRX cycle changes at a certain subframe, the DRX cycle of the subframe is the one changed. It seems not logical to assume that DRX cycle changes at the next subframe. Hence we believe interpretation 2 is the correct one.
	Yes
	Interpretation 2



	Huawei
	The figures illustrate the problem very well. Problem 1 and 2 could be avoided by having a clear specification – which is typically our goal. 

We strongly support a Rel-9 CR (such as R2-101510) to clarify which order of operation is intended in the specification. We have a slight preference for interpretation 2 but interpretation 1 is also acceptable.
	No
	Interpretation 2

	Panasonic
	Even though we agree, that typically we should avoid any ambiguity w.r.t. the interpretation of the specifications, given the late stage of Rel-9, we would prefer to allow both implementation options for Rel-9.

Similar to Samsung we also don’t consider the impacts caused by different interpretations between NW and UE as serious. Since due to PDCCH loss eNB already needs to handle potential misalignments between UE and NW, eNB may be also capable of coping with above identified problem 2 by a smart implementation.   

According to our understanding a DRX cycle change should become effective in the same subframe, i.e. the UE should use the new DRX cycle in the subframe where the DRX cycle change occurs. Hence we understand interpretation 2 as the intended UE behavior from logical point of view.        
	Yes
	Interpretation 2

	LGE
	Given that the normally bullets should be executed in the bullet order, the interpretation 1 should be considered as a baseline. However, as different implementation has been done with different interpretations and the impacts by the different interpretations don’t look serious, we would like to allow both interpretations.

We believe the intended behavior is the interpretation 2. 
	Yes
	Interpretation 2

	QCOM
	We also believe that both problems can be handled by smart eNB implementation as Panasonic explained.

We believe it’s more logical for the DRX cycle change to occur in the same subframe when the timer expires hence we believe interpretation 2 is correct and aligned with the original intention of the design.
	Yes
	Interpretation 2

	Hitachi
	As DRX state should be consistent as much as possible between eNB and UE to avoid the problems illustrated in section 2, we think one fixed behavior should be specified. So we think some clarification is needed. 

Although we don’t have strong preference between interpretation 1 and 2, we slightly prefer interpretation 2. If interpretation 2 is agreed as intended behavior, we are fine with Samsung CR R2-101510.
	No

Slightly prefer interpretation 2
	

	CATT
	Considering the two interpretation, We prefer the interpretation 1, which can avoid the misaligned on-duration. And the interpretation 1 is according to the bullet order.

For this discussion and the problem is originated by the specification description, we support to clarify it in the spec to avoid any ambiguity.

It seems that there will be some clarification or change in the spec, so we just prefer the single behavior and understanding in UE and network, the same behavior in Rel-8 and Rel-9. We have no strong preference on the interpretation.
	No
	

	Alcatel-Lucent
	We strongly support for a single UE behavior given that multiple interpretations result in increased network complexity. Also, allowing for multiple interpretations can cause problems with future extensions as we will have to support both flavours in the specs. We have a slight preference for Interpretation 1, which is the order of execution in the spec.  However, we are open to consider Interpretation 2 if  other companies have strong preference for it.

We think the agreed behaviour (whatever it is) needs to be clarified in the specifications.  We prefer to capture in this section that the order of execution to be the correct implementation (if interpretation 1 is agreed). If Interpretation 2 is selected as the intended UE behavior, we would like to re-arrange the order of execution in the spec such that it would still result the order of execution as to be the correct implementation.
	No


	Interpretation 1

	ZTE
	A single behavior is preferred to avoid unnecessary complexity and uncertainty. Bullet order in the specification should be respected.  The specification should be clear and ambiguity should be avoided.

If we keep current specification unchanged, the implementation should abide by interpretation 1. Otherwise Rel-9 CR should be provided if most companies would prefer interpretation 2.

Interpretation 2 seems more logical. We are fine with interpretation 2 if companies can accept a Rel-9 CR to change the bullet order. 
	No

A single behavior according to bullet order in the specification is preferred.
	Interpretation 2

	NSN
	From network viewpoint, allowing both implementations will introduce unnecessary complexity and we therefore prefer a single behaviour.
	No
	

	Motorola
	We think that the bullet order should be followed (interpetation 1). 
We also have a preference for a singple UE behavior to avoid network complexity.
	No
	Interpretation 1

	MediaTek
	We also prefer to have a single UE behaviour. In our understanding, the timer expiry has higher handling priority in protocol implementation. So, we think implementation-2 is a preferable option.
	No
	Interpretation 2

	Ericsson
	We have a strong preference for a single UE behaviour and think that this intended behaviour should be reflected in both Rel-8 and Rel-9 specifications.

The bullet order gives an adequate indication of the expected order and no further statements regarding the order of execution is needed in the specification, as addition of such a statement might introduce unforeseen consequences to other parts of the specification. 

Interpretation 1 is ok (i.e. to keep the specification as is), but also interpretation 2 is ok if other companies can accept Rel-8 and Rel-9 CR:s to change the bullet order.
	No
	

	Fujitsu
	We think the intended behaviour is Interpretation 2. We can accept Rel-9 CR to specify the intended behaviour.
	No
	Interpretation 2

	ITRI
	We think the DRX state (short or long) change is always checked first (i.e., interpretation 2) because the DRX state change should be done between two subframes logically and the on duration is running based on the new DRX state. So, we prefer interpretation 2 and we think a smart UE implementation should follow the interpretation 2.  
We also wonder if the bullet order is the implementation order. If most companies agree that the bullet order is the implementation order, we are fine to have Rel-8 and Rel-9 CRs to correct the bullet order.
	No
	Interpretation 2

	Nokia
	We have a preference for a single UE behaviour but can accept both implementations. 

We would prefer clarifying this by introducing an example figure showing the UE behaviour, e.g., as an (informative) annex. The figure below shows our understanding of Section 5.7. We think it is according to the bullet order (i.e., interpretation 1) but have learned that some others think this is according to interpretation 2.

In addition, we would like to clarify how DRX Command MAC CE is handled. Also that is covered by the attached figure.
	
	

	RIM
	We also have a preference for a single UE behaviour for both Rel-8 and Rel-9. Although both interpretations are acceptable for us, we think that it is correct to interpret the specification in bullet order - it would be unreasonable to argue that a UE that implements the actions in the order specified is not compliant to the spec. Consequently we have preference on the interpretation 1, which follows the current bullet order of Section 5.7.  Rel-8 and Rel-9 CRs to rearrange the bullet order would be required if interpretation 2 is desired.
	No
	Interpretation 1

	New Postcom
	One behaviour mode is desirable for implementations and for both Rel-8 and Rel-9. DRX state change should be checked first because in our opinion it is the logic which is the specification intends to show. But w.r.t interpretation 2, sometimes onDurationTimer could not be started in Short DRX Cycle following the drx-InactivityTimer expiration. A picture is enclosed for your information. So additional modification to interpretation2 should be proposed.
	No
	Interpretation 2 with additional modification


During the discussion, number of new issues have been brought up. First, it was pointed out that UE behaviour w.r.t reception of DRX command MAC CE is not clear. Many companies agreed to the issue but indicated that it is a different issue that should be handled separately. Figure 1 is attached for the information.
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Figure 1 DRX example with DRX Command MAC CE
Another issue is that one can consider that UE behaviour is unclear when drxShortCycleTimer and drx-InactivityTimer expire at the same subframe. However the issue can be handled by the candidate solutions in a natural way. If we go for the solution to change the bullet order, drx-InactivityTimer expries first and then drxShortCycleTimer is tested whether expired or not. Since drx-InactivityTimer expiry restarts drxShortCycleTimer they do not expire simultaneously. If we go for the solution to add a note, the note was selected to cope with such a case. The note says that “If DRX Cycle changes in a subframe, the decision for the subframe whether to start onDurationTimer or not is made after all switching(s) are made.”  Because the decision is made after all changes are made, even when those two timers expire at the same subframe, UE will always apply the short DRX cycle. It was discussed in detail in [1]. There seems no need to clarify it further. 
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Figure 2 drxShortCycleTimer and drx-InactivityTimer expire simultaneously
4 Conclusion
In the course of the discussion, number of consensus have made. It is proposed to consider followings are agreed.

A1.
Interpretation 2 (DRX cycle change first and onDurationTimer test next) is the correct UE behaviour

A2.
UE behaviour w.r.t DRX command reception need to be discussed in the separate discussion.

Following point has not really been discussed. However, as indicated in the section 3, it seems possible to agree on it.

 A3.
UE behaviour w.r.t when when drxShortCycleTimer and drx-InactivityTimer expire at the same subframe does not need to 

be clarified further.

The e-mail discussion did not succeed to make consensus on the following points. It is proposed to discuss them and to make a decision. Considering that it is a bis meeting, it may be possible to make the final decision next meeting. For the information, the name of companies expressed the opinion are captured as well.

OI1.
Should we have REL-8/-9 CR or REL-9 CR only?


REL-8/-9 (8):

Ericsson, Hitachi, ITRI, LGE, MediaTek, New Postcom, Qualcomm, RIM 



REL-9 (5): 

ALU, Fujitsu, Huawei, Panasonic, Samsung
OI2.
Should be the CR procedural correction or adding note?


Procedural correction (7):
ALU, Ericsson, Huawei, LGE, New Postcom, Qualcomm, RIM 



Adding note (6):



Fujitsu, ITRI, Hitachi, MediaTek, Panasonic, Samsung
For discussion, draft CRs for REL-8/-9 for both solutions are attached [2][3][4][5].
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