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1.
Introduction

This discussion paper is continuation of the discussion “Excessive TAU Delay” (C1-121898/ R2-122537).
· Section 2 presents the problem, general conditions leading to Excessive TAU Delay and identified Use Cases;

· Section 3 presents additional analysis about the problem; and

· Section 4 presents pros and cons of different solution proposals.
2. 
Problem Description
Table 1 below summarizes all MME and UE NAS options after TAU Reject requiring new Attach. Nokia’s understanding at the moment is that:

· left column (i.e. Problem1) describes real life scenario and both UE options are possible from the specifications point-of-view

· right column (i.e. Problem2) is somewhat theoretical and there has been a bit contradicting statements in offline discussions whether this should be solved as well.
This discussion paper has analysed both problem scenarios and later on also proposes solution alternatives to find the way forward. To start with, general conditions leading to Problem1 and Problem2 are presented in Section 2.1 and Section 2.2. Currently identified Use Cases are found from Section 2.3.
Table 1. MME and UE implementation options after TAU Reject (#9, #10, #40) requiring new Attach
	
	MME sends UE Context Release to eNB (i.e. RRC Connection Release sent to UE)
	MME does not send UE Context Release to eNB (i.e. RRC Connection Release not sent to UE)

	UE NAS uses old RRC Signalling Connection for Attach Request
	Problem1
Attach Request can clash with RRC Connection Release causing excessive delay (case in C1-121898/ R2-122537).
	No problem

	UE NAS uses new RRC Signalling Connection for Attach Request


	No problem
	Problem2
UE needs to wait that eNB releases RRC Connection before sending new Attach. Typical real life value for RRC Connected -> RRC Idle –transition in eNB is 10 seconds. 


2.1 
General Conditions Leading to Problem1
To be visible, Problem1 requires consecutive actions of MME, UE NAS and UE RRC:
1. MME Rejects Tracking Area Update with a cause code (#9, #10, #40) requiring immediate new Attach; and
2. MME sends “UE Context Relase” to eNB that will cause RRC Connection to be released; and
3. UE NAS uses old signalling connection to send Attach request; and

4. UE RRC behaviour of informing NAS only at the time when RRC Connection Release is completed.
Figure 1 below summarizes the general conditions for Problem1 and shows the window where Attach Request will fail with 100% certainty. When the conditions listed above are true, the window starts at the time when TAU Reject is received by UE and ends when UE RRC informs UE NAS that RRC Connection is released.
The scenario presented in paper C1-121898/ R2-122537 has been one instance of Problem1.
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Figure 1. General conditions leading to Problem1
2.2 
General Conditions Leading to Problem2

To be visible, Problem2 requires consecutive actions of MME, UE NAS and eNB RRC:

1. MME Rejects Tracking Area Update with a cause code (#9, #10, #40) requiring immediate new Attach; and

2. MME does not send “UE Context Relase” to eNB (RRC Connection not released); and

3. UE NAS uses new signalling connection to send Attach request. As a result UE needs to wait for eNB RRC Connected -> RRC Idle –timer to expire before RRC Connection is released and new RRC Connection can be established.
Figure 2 below summarizes the general conditions for Problem2. As UE does not have any possibility for releasing RRC Connection in EUTRAN in Rel-8/9/10/11, it needs to wait until eNB does that. eNB timer is configurable by operator, typical RRC Connected -> RRC Idle –timer value seen in real life has been ~10 seconds. In this case Excessive TAU Delay is also visible, although the delay comes from the different source.
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Figure 2. General conditions leading to Problem2
2.3 
Currently Identified Use Cases
Currently identified Use Cases are presented in Table 2 below. Additional ones can exist, the only requirement is that the general conditions are fulfilled.
It needs to be noted that general conditions retain the assumption that MME and UE NAS –implementation are “incompatible” with each other (see Table 1).

Table 2. Use Cases where problems are visible
	Use Case
	Description
	Release
	Severity

	UseCase1
	2G/3G->LTE cell reselection with Location Update + GPRS Attach. 
Detailed analysis in C1-121898 and R2-122537.
	Rel-8, Rel-9*
	Big

	UseCase2
	2G/3G->LTE cell reselection with Location Update+ GPRS Attach+PDP Context. APN “A” used in 2G/3G and APN “B” used in LTE. 
Scenario identified in offline discussions.
	Rel-8, Rel-9, Rel-10, Rel-11
	Big

	UseCase3.1
	LTE (PLMN A,  TAI C)->LTE (PLMN B,  TAI D) cell reselection with Location Update + GPRS Attach. PLMN A and PLMN B using different APN or MME’s not connected to each other. 
Scenario identified in offline discussions.
	Rel-8, Rel-9, Rel-10, Rel-11
	Small

	UseCase3.2
	LTE (PLMN A,  TAI C)->LTE (PLMN B,  TAI D) cell reselection with Location Update + GPRS Attach+PDP Context. PLMN A and PLMN B using different APN or MME’s not connected to each other. 
Scenario identified in offline discussions.
	Rel-8, Rel-9, Rel-10, Rel-11
	Small


* C1-110718 solves this from Rel-10 onwards, see Section 3.5

3.
Additional Analysis
Additional analysis has been carried out to investigate matters related to the issue.
3.1 
MME and UE NAS implementations in the field

This discussion paper assumes that all MME and UE implementations presented in Table 1 can be found from the field from Rel-8 onwards and nothing can be excluded.
3.2 
“Active” flag in TAU Request

In all problem scenarios it is assumed that “active” flag has been set to “0” in TAU Request. As UE is in NAS EMM-IDLE/RRC Idle in the beginning of currently identified Use Cases, it is unlikely that it would have uplink user data or additional uplink signalling pending when triggering TAU Request.

Usage of “active” flag has been defined in Section 5.5.3.2.2 of [1] for normal and periodic TAUs:
If a UE has uplink user data pending when it initiates the tracking area updating procedure, or uplink signalling not related to the tracking area updating procedure, it may also set an "active" flag in the TRACKING AREA UPDATE REQUEST message to indicate the request to establish the user plane to the network and to keep the NAS signalling connection after the completion of the tracking area updating procedure.
3.3 
Idle mode Signalling Reduction (ISR)

If network and UE would support and use ISR, it would solve UseCase2. However, Nokia sees that ISR will not be a widely deployed feature and other identified Use Cases are not fixed by it.

3.4 
UE’s PS Mode and UE’s CS/PS Mode

As already analysed in C1-121898/R2-122537, this issue is not related to UE’s PS Mode or CS/PS Mode. Solution correcting both normal and combined TAU-procedures should be selected.
3.5 
CR C1-110718
As CR C1-110718 removes the signalling leading to UseCase1, as a by-product also UseCase1 disappears. However, C1-110718 correction is for Rel-10 and Rel-11 and other identified Use Cases are not fixed by it.

3.6 
LSs C1-083467 and C1-083731
As discussed on CT1 mailing list, liaison statements C1-083467 and C1-083731 have discussed the same situation in “UE Initiated Service Request in Connected Mode” –context. As a result, Section 5.3.3.2 of [3] currently states that:

21.
 If the GUTI was changed the UE acknowledges the new GUTI by returning a Tracking Area Update Complete message to the MME.


When the "Active flag" is not set in the TAU Request message and the Tracking Area Update was not initiated in ECM-CONNECTED state, the MME releases the signalling connection with UE, according to clause 5.3.5.

3.7 
Stage-3
Analysis based on stage-3 specifications has been carried out in Annex A. Nokia’s conclusion based solely on stage-3 is that is that all options are left for implementation.
This is somewhat confusing as stage-2 Section 5.3.3.2 of [3] says directly that MME shall send “UE Context Release” to eNB and therefore eNB will send “RRC Connection Release” to UE.
3.8 
FASMO
Severity:

· Problem1, 10 seconds delay will occur (T3411)

· Problem2, eNB internal RRC Connected->RRC Idle delay will occur (real life values seen ~10 seconds)

Frequency:

· Different Use Cases have different frequency

· Frequency depends also on what is the amount of different implementation options in the field (see Table 1)

· Indirectly depends also on solution; whether solution X addresses all or e.g. only one Use Case

4.
Solution Proposals
The best solution candidates have been presented below: 
· Solution1 solves only Problem1 and assumes that Problem2 does not exist at all
· Solution2 solves both Problem1 and Problem2.
Analysis of additional solution candidates can be found from Annex B.

4.1 
Solution1 - “New signalling connection” -solution

MME shall send UE Context Release and UE NAS shall use new signalling connection after Tracking Area Update Reject (#9 or #10 or #40).

Pros vs Cons

+ No changes to RRC

+ Solves UseCase1, UseCase2, UseCase3.1 and UseCase3.2
- Changes to UE NAS (and MME’s that do not send UE Context Release to eNB after TAU Reject (#9, #10, #40), if such exists)
- Rel-8 UEs using old signalling connection would suffer from Problem1 in this solution (assuming Rel-9 change)

4.2 
Solution2 - Solving Excessive TAU Delay
Problem1 has more difficult “nature” than Problem2, as there is no other solution to Problem1 than the use of the new signalling connection. Problem2 can be solved a bit more easily, as long as the specification doesn’t prohibit the alternative of using the existing connection (together with the new connection). 

The condition on whether to use new or existing signalling connection should be based on time. This is possible as Problem1 (range of  “milliseconds”) and Problem2 (range of “several seconds”) occur in different places in time. This difference can be used by the UE to understand whether MME implementation wants to use new or existing signalling connection.
The solution should follow the logic:

1. UE starts implementation specific X seconds* timer at the reception of TAU REJECT (#9, #10, #40)

2. IF “MME releases the RRC Connection after TAU REJECT (#9, #10, #40)” and “X second timer is running”


> UE shall use new signalling connection for sending Attach Request
3.  IF “X seconds timer expires”



> UE shall send Attach Request on the existing signalling connection (or on a new signalling connection by locally releasing the existing one)
*X seconds is left to implementation and represents the decision point where UE thinks that MME wants to use existing signalling connection to Attach Request.
Pros vs Cons

+ No changes to RRC

+ No changes to MME

+ Takes into account all current MME implementation options

+ Solves UseCase1, UseCase2, UseCase3.1 and UseCase3.2
- Changes to UE NAS

- Rel-8 UEs not fixed, some working – some not (assuming Rel-9 change)

5.
Conclusion
To summarize, Nokia
· thinks that the stage-3 specifications need clarification to TAU Reject cases requiring new Attach to avoid Excessive TAU Delay;
· if only Problem1 needs to be solved, proposed Solution1 should be standardised; and
· if both Problem1 and Problem2 need to be solved, proposed Solution2 should be standardised.
CT1 is asked to discuss whether also Problem2 needs to be solved. If a conclusion can be reached, then the originator volunteers to draft CR(s) to next CT1-meeting.
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ANNEX A
A.1 
MME Not Sending/Sending UE Context Release
SUMMARY: It is left to MME implementation (in stage-3) whether it sends UE Context Release to eNB after TAU Reject with causes #9, #10 and #40.
· Section 8.3.3.1 of [4] states only that:

The purpose of the UE Context Release procedure is to enable the MME to order the release of the UE-associated logical connection due to various reasons, e.g., completion of a transaction between the UE and the EPC, or completion of successful handover, or completion of handover cancellation, or release of the old UE-associated logical S1-connection when two UE-associated logical S1-connections toward the same UE is detected after the UE has initiated the establishment of a new UE-associated logical S1-connection, or the UE is no longer allowed to access the CSG cell (i.e., the UE becomes a non-member of the currently used CSG cell).
· Section 5.5.3.2.5 and 5.5.3.3.5 of [1] state that UE moves to EMM-DEREGISTERED with reception of cause code #9 and EMM-DEREGISTERED.NORMAL-SERVICE with reception of cause codes #10 and #40.

· Section 5.1.3.2.2.2 of [1] states the status of UE in EMM-DEREGISTERED –state. However, nothing is mentioned about UE Context Release.

In the state EMM-DEREGISTERED, no EMM context has been established and the UE location is unknown to an MME and hence it is unreachable by an MME. In order to establish an EMM context, the UE shall start the attach or combined attach procedure (see subclause 5.5.1).

· Section 5.1.3.2.3.2 of [1] states the status of UE in EMM-DEREGISTERED.NORMAL-SERVICE –state. However, nothing is mentioned about UE Context Release.

The substate EMM-DEREGISTERED.NORMAL-SERVICE is chosen in the UE, if the EPS update status is EU1 or EU2, in the meantime a cell has been selected and the PLMN or tracking area is not in the forbidden list.

· Section 5.1.3.4.1 of [1] states that MME moves to EMM-DEREGISTERED –state after TAU is rejected. However, nothing is mentioned about UE Context Release.

In the state EMM-DEREGISTERED, the MME has no EMM context or the EMM Context is marked as detached. The UE is detached. The MME may answer to an attach or a combined attach procedure initiated by the UE (see subclause 5.5.1). The MME may also answer to a tracking area updating procedure or combined tracking area updating procedure initiated by a UE if the EMM context is marked as detached.

If ISR is not activated or ISR is deactivated during a routing area updating or combined routing area updating procedure or an inter-system handover to A/Gb mode or Iu mode, the MME enters the state EMM-DEREGISTERED after the successful completion of the procedure.
A.2 
UE Using Old/New Signalling Connection
SUMMARY: UE shall “automatically initiate the attach procedure” or “perform a new attach procedure” or “perform the attach procedure”. Nothing mentioned about the possible problems or usage of old/new signalling connection.
· Section 5.5.3.2.5 of [1] states only together with cause code #9 that:

Subsequently, the UE shall automatically initiate the attach procedure.
· Section 5.5.3.3.5 of [1] states only together with cause code #9 that:

Subsequently, the UE shall automatically initiate the attach procedure.
· Section 5.5.3.2.5 of [1] states only together with cause code #10 that:

The UE shall then perform a new attach procedure.
· Section 5.5.3.3.5 of [1] states only together with cause code #10 that:

The UE shall then perform a new attach procedure.
· Section 5.5.3.2.5 of [1] states only together with cause code #40 that:

The UE shall then perform a new attach procedure.
· Section 5.5.3.3.5 of [1] states only together with cause code #40 that:

The UE shall then perform the attach procedure.
ANNEX B – Additionally analyzed solution alternatives
B.1 
“Old signalling connection” -solution

MME shall not send UE Context Release and UE NAS shall use existing signalling connection after Tracking Area Update Reject (#9 or #10 or #40).

+ No changes to RRC

+ Solves UseCase1, UseCase2, UseCase3.1 and UseCase3.2
- Changes to MME and UE NAS 

- Rel-8 UEs using new signalling connection would suffer from Problem2 in this solution (assuming Rel-9 change)

B.2 
Wildcard solution

Add a warning to NAS-specification about the problematic implementation combinations. Handling of the problems would be left fully to UE implementation. (assuming Rel-9 change)

Pros vs Cons

+ No mandatory changes anywhere

+ Allows all implementation options, as this far

- Leaves the door open for bad UE behaviour also in the future

B.3 
UE RRC-based solution

If RRC receives Attach Request during ongoing RRC Connection Release, it would store it, complete the release and automatically trigger new RRC Connection and send the pending Attach Request to network instead of triggering “lower layer” –failure to NAS. (assumes old signalling connection, new signalling connection UEs would not need to change behavior, both cases need to address problem2 as well)

Details would be left to UE implementation. (assuming Rel-9 change)

+ No changes to MME

+ Takes into account all current MME implementation options

+ Would allow handling of possible other NAS-AS –race conditions in the future

+ Problem1 solved by buffering Attach Request to RRC

+ Problem2 solved by taking advantage of time difference of Problem1 and Problem2, details left to implementation 

+ Solves UseCase1, UseCase2, UseCase3.1 and UseCase3.2
- Clear NAS-level problem fixed on RRC-layer

- Part of NAS-level protocol responsibility moved to RRC-layer

B.4 
Modify “active” flag description (or add a new flag)
Modify “active” flag –description (or introduce a new flag) to explicitly tell MME whether UE wants to use old or new signalling connection. 

+ No changes to RRC

+ Solves UseCase1, UseCase2, UseCase3.1 and UseCase3.2
- Big changes to MME and UE NAS

- Rel-8 UEs not fixed, some working – some not (assuming Rel-9 change)

B.5 
Solve what you can – one-by-one

+ Use C1-110718 for solving UseCase1 (assuming Rel-9 change)

- Use something else for solving UseCase2 (currently no known solution)

- Use something else for solving UseCase3.1 and UseCase3.2 (currently no known solution)
- Does not address the root cause (i.e. additional Use Cases would need to be solved separately)

