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1. Introduction

In CT1#94, LGE proposed a discussion paper (C1-153601, noted) on enabling extended idle-mode DRX cycle (eDRX) when the UE receives Tracking Area Update (TAU) or Routing Area Update (RAU) reject with EMM cause #22 “congetions” and EMM back-off timer T3346. This paper aims to discuss the specific way to implement the principle of enabling eDRX through TAU Reject with MM back-off.
2. Discussion

In the current specifications, the UE may request the use of eDRX during TAU/RAU request by including eDRX parameters IE in each request, and the network accepts the request to use eDRX by providing eDRX parameters IE in the corresponding accept message. But when the TAU/RAU request containing the request to use eDRX is rejected with EMM cause #22 and MM back-off timer T3346, we can assume that the UE shall not apply eDRX cycle and enters normal idle mode since the UE does not receive eDRX parameters through TAU/RAU procedures. Even when the MME has decided to accept eDRX, the MME may reject TAU only because of the network congestion and the UE cannot re-request to use eDRX until back-off timer is expired or stopped. 
In the discussion paper C1-153601 in CT1#94, we compared the handling of the UE when eDRX is enabled and when T3346 is running, and we showed that enabling eDRX through TAU reject with EMM cause #22 may have some advantages in terms of power saving aspect, without UE reachability problem. (See Figure 1.)
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Figure 1. Comparison of UE handlings between MM BO only and MM BO with eDRX
In order to implement the principle we discussed, there are some remaining issues to be considered.
Issue 1. The condition to be considered for applying the solution.

Usually most of NAS features are requested and accepted through successful procedures, not failed or rejected procedures. Thus enabling some feature through EMM reject message should be handled carefully. Therefore the conditions for enabling eDRX when TAU reject with T3346 is received shall be defined considerately. Some possible conditions to be considered for implementation of the solution can be assumed:
Condition 1: If the UE has requested the use of eDRX in the TAU request (e.g. the UE included extended DRX parameters IE in TAU request message).
Condition 2: If the UE was already using eDRX when the TAU request has sent (e.g. the UE wants to continue to use eDRX in the next TAU period)
Condition 1 shall be met since eDRX feature is negotiation-based feature, which means the usage of the feature has to be notified and approved by both the UE and the network. One of the reason for negotiation is that the network cannot know the UE’s capability of eDRX without the UE’s request. If the network give the extended DRX parameters even if the UE doesn’t request to use, the UE may ignore received parameters because the UE does not support eDRX or the UE is not ready to use it, which may result in unnecessary NAS signalling. It is clear that this additional feature with TAU reject shall satisfy condition 1.
Proposal 1: Enabling eDRX with TAU reject shall be applied only if the UE has requested the use of eDRX in the corresponding TAU request.

For condition 2, we can consider two specific cases when the UE sends TAU request including the extended DRX parameters IE.
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Figure 2. Possible cases for the UE sending TAU request including the extended DRX parameters IE
In case 1 above, the UE was not using eDRX and then requested to use eDRX with TAU request including eDRX parameters IE but TAU is rejected due to the congestion. In case 2, the UE was using eDRX then UE included eDRX parameters in next TAU request in order to keep using eDRX, but TAU is also rejected with back-off timer. In other words, case 1 can be  said as “initial eDRX request,” while case 2 can be said as “eDRX continuing request.”
Whether to allow one or both of the cases depend on the condition 2. If the condition 2 is required, then only case 2 can be supported with the solution. It seems that condition 2 is unnecessary condition and can limit the usage of the solution. Limiting the scope of the solution may be more “safe” way, but we cannot see any potential malfunction or abnormal case unless condition 1 is not considered. Maybe the network can consider the UE’s usage status of eDRX when determining the acceptance or the parameters, but that is an implementation issue, not a mandation or condition itself. Condition 1 (and EMM cause #22 and T3346 value of course) is enough condition for the UE to request the use of eDRX in TAU request.

Proposal 2: Enabling eDRX with TAU reject can be applied regardless of the UE’s usage condition on eDRX.

Issue 2. Information to be included in TAU reject message
The type of information and the way to be included in the TAU reject message has to be defined. We propose some possible alternative solutions for enabling eDRX with TAU reject.
Alternative 1: Including extended DRX parameters IE in TAU reject message.

Alternative 2: Including indication to use requested parameters in TAU reject message.

One alternative solution, Alt 1, is including extended DRX parameters IE in the TRACKING AREA UPDATE REJECT message if EMM cause value #22 “congestion” and T3346 value IE are included. In CT1#94, Extended DRX parameters IE was defined, so we can utilise the existing IE and just containing it in TAU reject would be one way to implement the principle. In alt.1, the network can change assign parameters different from the requested value, which we can say “negotiable.” Implementing alt.1 requires 4 more octets for TAU reject message compared to legacy handling.
Other possible alternative, Alt 2, is just including simple indicator that says “accepts the request to use eDRX.” The UE can use eDRX parameters that the UE has requested in TAU request message. This indicator is included only when the network accepts the parameters that the UE has requested to use. So if the network doesn’t satisfied with the value that the UE has requested or wants to change the value, the network cannot accept the use of eDRX with this way. But if the UE has requested reasonable value, this solution is simpler way than first alternative, including entire parameter. Of course this solution requires less additional octet for TAU reject message than the first alternative.
Regarding the implementation of Alt 2, we can either use existing IE with additional indication bit or define a new IE for indicating the acceptance of eDRX. For S1 mode, we can utilize the Extended EMM cause IE because proposed functionality is linked with a specific cause value, #22 "congestion". However, for Iu or Gb mode, there’s no corresponding IE defined in TS 24.008. Therefore a new information element has to be defined in TS 24.008. We names it as “Extended GMM cause” and it is corresponding to the Extended EMM cause in TS 24.301. On the other hand, if new IE for indication seems better, a new IE only for accepting eDRX (e.g. “extended DRX acceptance IE”) can be defined for both TS 24.008 and TS 24.301. We choose to use extended EMM cause for S1 mode and define new “extended GMM cause IE” for Iu/Gb mode.
There may be the third alternative solution, which may accept the use of eDRX without any information from the network if the UE has requested the use and EMM cause value is #22. This can be said as "defaultly using eDRX with MM back off.” However, this is not distinguishable with the reject of eDRX or the case when the network doesn’t support eDRX. So we don’t consider this way as a workable solution.

Comparison between two alternative solutions is shown below:
	
	Alt. 1
	Alt. 2

	Container
(Information Element)
	Extended DRX parameters IE 
(existing IE)
	Extended EMM cause IE 
(new bit defined, for S1)

Extended GMM cause IE 
(new IE, for Iu, Gb)

	Information included
	Full parameters
(eDRX cycle value, PTW…)
	Indication
(“eDRX accepted”)

	Additional message size
	4 octets
	0 octets (using existing bits)
1 octets (additional IE)

	Negotiable (NW can assign different value)
	Yes
	No


Figure 3. Comparison between alternative solutions
3. Conclusion

In this discussion paper, we proposed to implement enabling eDRX by TAU reject with #22 congetion and T3346, according to the discussion paper in CT1#94. By examining some cases, we proposed to consider following conditions for the solution.

Proposal 1: Enabling eDRX with TAU reject shall be applied only if the UE has requested the use of eDRX in the corresponding TAU request.

Proposal 2: Enabling eDRX with TAU reject can be applied regardless of the UE’s usage condition on eDRX.

We proposed two alternative solutions for implementation:
Alt 1: Including extended DRX parameters IE in TAU reject message.
Alt 2: Including an indication to use requested parameters in TAU reject message.

We prefer Alt 1 since Alt 1 can provide more flexibility on negotiating the parameter value for eDRX. The gain of the simplicity and smaller information size of Alt 2 is smaller than negotiability of Alt 1.
The Alt1 is proposed in C1-154372 for TS 24.301 and C1-154373 for TS 24.008.
The Alt2 is proposed in C1-154374 for TS 24.301 and C1-154375 for TS 24.008.
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