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1.
Introduction

Timing of AS-NAS interaction during 2G/3G->LTE cell reselection can cause excessive delay. This is analysed in this paper and way forward is proposed.
NOTE: Similar paper is provided both to RAN2 and CT1.
2.
Problem Description
The problem shown in Figure 1 is splitted into three parts. For convenience RRC-messages are colored with black and piggypacked NAS-messages with red.
Severity of the problem:

· Frequency

· The problem is repeatable in two different real network laboratories in Finland. Both laboratories are using commercial network elements with commercial network software. UEs used in the testing are running commercial level SW and HW.

· As this is timing related problem, deviation in timing will cause the problem to disappear. 
· Consequence
· 10 second additional delay in basic 2G/3G->LTE reselection is unacceptable  and should be fixed in as early release as possible (i.e. REL8)
Proposal: Agree that problem exists and it should be fixed to as early release as possible 
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Figure 1. Flowchart of the problem

2.1
Part 1 - Tracking Area Update rejected due to missing EPS bearer context
Part 1 of  Figure 1 shows a Tracking Area Updating –procedure with the following initial assumptions, which is quite commonly happening in the field:
· UE is located in 2G or 3G

· UE has performed CS location update and GPRS attach, PDP context is not activated 1), 2), 3)
· Reselection criteria has been met and reselection to LTE starts

With the above assumptions network will reject the Tracking Area Update with cause #40, “No EPS Bearer context activated” as specified by Section 5.5.3.2.5 in [1]. This is expected and correct behavior and shown in message #9 in Figure 1.
1) In case only CS location update is done in 2G/3G, UE will directly start with Attach Request in LTE-cell. In this case the problem is not visible.

2) In case CS location update, GPRS Attach and PDP context are done in 2G/3G, UE will perform Tracking Area Updating procedure and in normal scenario network will accept TAU. In this case the problem is not visible. However, there are numerous cases in Sections 5.5.3.2.5 and 5.5.3.3.5 of [1] where TAU can be rejected when PDP context is activated. At the moment Nokia hasn’t see problems with these cases.
3) This case is visible with ISR actived and de-activated, see Section 4.6.2.2 of [3].
2.2
Part 2 - The Problem
The problem is illustrated in Part 2 of Figure 1.
2.2.1 
RRC part of the problem – Delay in handling RRC connection releaseFirst part of the problem happens on RRC-level when eNB sends RRC Connection Release (release cause: other) to UE. RRC Connection Release (message #10 in Figure 1) is not effective immediately, instead UE’s RRC needs to wait that lower layers (RLC, MAC) have sent out acknowledgements to tell eNB that message has been succesfully received. This causes maximum of 60ms delay before RRC Connection Release is completed. 
Real life value 60ms is used throughout this document although Section 5.3.8.3 in [2] optionally allows release to happen earlier when lower layers have successfully acknowledged reception of RRC Connection Release. 
For convenience Section 5.3.8.3 and 5.3.12 of [2] have been copied to Annex A.1 and the parts of the text causing the problem on RRC-level are highlighted with grey.
2.2.2 
NAS part of the problem
Second part of the problem lies on NAS-level where Tracking Area Update Reject (#40, No EPS Bearer context activated) causes a need to Attach to the network. If RRC is still in the process of releasing RRC connection and  NAS triggers the Attach Request during this 60 ms “grey time”, the end result will be a lower layer  -failure in sending the Attach Request.
In this case UE is operating in CS/PS Mode 1 and therefore Combined Tracking Area Updating Procedure (5.5.3.3.5) is being executed. However, also e.g. PS Mode 1 UEs executing Normal Tracking Area Updating Proceudre (5.5.3.2.5) could suffer from the same delay. UE will recover from the situation as Attach retry timer T3411 in Table 10.2.1 of [1] starts running. Attach will be retried after 10 seconds and this second try causes successful registration. However, Nokia sees this additional 10 second delay in 2G/3G -> 4G reselection unacceptable. 
For convenience Section 5.5.3.3.5 and 5.5.3.2.5 as well as Table 10.2.1 of [1] have been copied to Annex A.2 and the parts of the text causing the problem on NAS-level are highlighted with red.
2.3
Part 3 - Registration
Part 3 of Figure 1 is drawn to illustrate the whole problem from the end user perspective. End user has been without service from the beginning of Part 1 until the end of Part 3 – in total almost 11 seconds. Most of this time has elapsed when waiting 10 second NAS-timer T3411 to expire.
Part 3 of Figure 1 illustrates “typical registration procedure” where some of the NAS-messages are optional and the order of some messages might be reversed. However, these details aren’t considered to change the end user “out of service” –time significantly and hence the analysis is accurate enough for this purpose.
3.
Solution Proposal
Nokia thinks that UE based solution would be the most easiest and proposes to use such a solution.
In practice this would mean that RRC would inform NAS immediately when RRC Connection Release is started. On NAS-level Attach should be put “on hold” until RRC has informed that it has completed the release procedure. The required changes are illustrated in Figure 2 below.
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Figure 2. Required changes to NAS and AS with solution solution candidate
3.1 
RRC part of the proposed solution
RRC would send a new indication to NAS –layer immediately when RRC Connection Release is received. Additionally, NAS gets indication from RRC when RRC Connection Release is completed as already specified in 5.3.12 of [2]. Initial wording proposal is available in Annex B.1 with changes highlighted with grey.
3.2 
NAS part of the proposed solution
Based on the information from RRC, NAS would be able to avoid sending Attach during the RRC Connection Release and the excessive delay would be avoided. The following changes would need to be done on NAS to Sections 5.5.1.2.2 and 5.5.1.3.2 of [1]. It is for further study whether emergency call needs to have special handling (=clarified to be allowed) in this case. Initial wording proposal is available in Annex B.2 with changes highlighted with red.
4.
Conclusion
To summarize, Nokia 
· thinks that severe problem exists in Rel-8, Rel-9, Rel-10 and Rel-11 and should be solved;
· proposes to use UE based solution as described in the paper;
If the proposal can be agreed, then the originators volunteer to draft CR(s) to RAN2 and CT1.
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ANNEX A – Problem Description
A.1 
RRC part of the problem

5.3.8.3
Reception of the RRCConnectionRelease by the UE
The UE shall:

1>
delay the following actions defined in this sub-clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1>
if the RRCConnectionRelease message includes the idleModeMobilityControlInfo:

2>
store the cell reselection priority information provided by the idleModeMobilityControlInfo;
2>
if the t320 is included:

3>
start timer T320, with the timer value set according to the value of t320;

1>
else:

2>
apply the cell reselection priority information broadcast in the system information;

1>
if the releaseCause received in the RRCConnectionRelease message indicates 'loadBalancingTAURequired':

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'load balancing TAU required';
1>
else if the releaseCause received in the RRCConnectionRelease message indicates 'cs-FallbackHighPriority ':

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'CS Fallback High Priority';
1>
else:
2>
if the extendedWaitTime is present and the UE supports delay tolerant access:

3>
forward the extendedWaitTime to upper layers;

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
--------------------------------------

5.3.12
UE actions upon leaving RRC_CONNECTED
Upon leaving RRC_CONNECTED, the UE shall:
1>
reset MAC;

1>
stop all timers that are running except T320 and T330;
1>
release all radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity for all established RBs;
1>
indicate the release of the RRC connection to upper layers together with the release cause;
1>
if leaving RRC_CONNECTED was not triggered by reception of the MobilityFromEUTRACommand message:

2>
enter RRC_IDLE and perform procedures as specified in TS 36.304 [4, 5.2.7];
--------------------------------------

A.2 
NAS part of the problem

5.5.3.3.5
Combined tracking area updating procedure not accepted by the network
If the combined tracking area updating cannot be accepted by the network, the MME shall send a TRACKING AREA UPDATE REJECT message to the UE including an appropriate EMM cause value.
Upon receiving the TRACKING AREA UPDATE REJECT message, the UE shall stop timer T3430, stop any transmission of user data, enter state MM IDLE, and take the following actions depending on the EMM cause value received.

…other cause codes omitted intentionally…

#40
(No EPS bearer context activated);

The UE shall delete the list of equivalent PLMNs and deactivate all the EPS bearer contexts locally, if any, and shall enter the state EMM-DEREGISTERED.NORMAL-SERVICE. The UE shall then perform the attach procedure.

If A/Gb mode or Iu mode is supported by the UE, the UE shall in addition handle the GMM state as specified in 3GPP TS 24.008 [13] for the case when the combined routing area updating procedure is rejected with the GMM cause value #10 "Implicitly detached".

A UE in CS/PS mode 1 or CS/PS mode 2 of operation is still IMSI attached for non-EPS services. The UE shall set the update status to U2 NOT UPDATED.

--------------------------------------
5.5.3.2.5
Normal and periodic tracking area updating procedure not accepted by the network

If the tracking area updating cannot be accepted by the network, the MME sends a TRACKING AREA UPDATE REJECT message to the UE including an appropriate EMM cause value.
If a TRACKING AREA UPDATE REQUEST message is received from a UE with a LIPA PDN connection, and if the stored cell identity for the EPS bearer context of the LIPA PDN Connection is different from the current cell identity, then the MME locally deactivates all EPS bearer contexts associated with the LIPA PDN connection. If no active EPS bearer contexts remain for the UE, the MME shall send the TRACKING AREA UPDATE REJECT message including the EMM cause value #10 "Implicitly detached".

Upon receiving the TRACKING AREA UPDATE REJECT message, the UE shall stop timer T3430, stop any transmission of user data, and take the following actions depending on the EMM cause value received.
…other cause codes omitted intentionally…

#40
(No EPS bearer context activated);

The UE shall delete the list of equivalent PLMNs and deactivate all the EPS bearer contexts locally, if any, and shall enter the state EMM-DEREGISTERED.NORMAL-SERVICE. The UE shall then perform a new attach procedure.

If A/Gb mode or Iu mode is supported by the UE, the UE shall handle the GMM state as specified in 3GPP TS 24.008 [13] for the case when the normal routing area updating procedure is rejected with the GMM cause value #10 "Implicitly detached".
--------------------------------------

Table 10.2.1: EPS mobility management timers – UE side
…other timers omitted intentionally…
	TIMER NUM.
	TIMER VALUE
	STATE
	CAUSE OF START
	NORMAL STOP
	ON 
EXPIRY

	T3411
	10s
	EMM-DEREGISTERED. ATTEMPTING-TO-ATTACH

EMM-REGISTERED. ATTEMPTING-TO-UPDATE
	At attach failure due to lower layer failure, T3410 timeout or attach rejected with other EMM cause values than those treated in subclause 5.5.1.2.5.

At tracking area updating failure due to lower layer failure, T3430 timeout or TAU rejected with other EMM cause values than those treated in subclause 5.5.3.2.5.
	ATTACH REQUEST sent

TRACKING AREA UPDATE REQUEST sent
	Retransmission of the ATTACH REQUEST or TRACKING AREA UPDATE REQUEST


--------------------------------------

ANNEX B – Solution Proposal
B.1 
RRC part of the proposed solution

5.3.8.3
Reception of the RRCConnectionRelease by the UE

The UE shall:

1>

indicate the start of release of the RRC connection to upper layers;
1> delay the following actions defined in this sub-clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
…the rest of the 5.3.8.3 omitted intentionally…
B.2 
NAS part of the proposed solution

5.5.1.2.2
Attach procedure initiation

If the UE is in EMM state EMM-DEREGISTERED and the lower layers have indicated that the RRC connection release is not in progress, the UE initiates the attach procedure by sending an ATTACH REQUEST message to the MME, starting timer T3410 and entering state EMM-REGISTERED-INITIATED (see example in figure 5.5.1.2.2.1). If timer T3402 is currently running, the UE shall stop timer T3402. If timer T3411 is currently running, the UE shall stop timer T3411. 
If the UE is configured for MTC and the selected PLMN is neither the registered PLMN nor in the list of equivalent PLMNs, the UE shall include the IMSI in the EPS mobile identity IE in the ATTACH REQUEST message.
…the rest of the section omitted intentionally…

--------------------------------------

5.5.1.3.2
Combined attach procedure initiation

If the UE is in EMM state EMM-DEREGISTERED and the lower layers have indicated that the RRC connection release is not in progress, the UE initiates the combined attach procedure by sending an ATTACH REQUEST message to the network, starting timer T3410 and entering state EMM-REGISTERED-INITIATED (see example in figure 5.5.1.2.2.1).

The UE shall include the TMSI status IE if no valid TMSI is available. Furthermore, if the UE has stored a valid location area identification, the UE shall include it in the Old location area identification IE in the ATTACH REQUEST message.
If the UE initiates a combined attach procedure for EPS services and "SMS only", the UE shall indicate "SMS only" in the Additional update type IE.
--------------------------------------
