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1. Introduction
In a set of contributions to earlier CT1 meetings [1, 2], two contributions on the CT1 mailing list [5, 6], and during 2 conference calls announced on the CT1 mailing list [3, 4], Intel has explained why we think that the optimization option which allows the network in certain scenarios to convert the Update type from "periodic updating" to "combined RA(TA)/LA updating with IMSI attach" in its current form is not fault-tolerant and should not be used by a network.
As some companies in CT1 do not want to give up the signalling reduction that can be achieved with this feature, in the present paper we are describing a way how to specify and implement the feature in a more robust way, avoiding the known pitfalls of the current option (and hopefully also most of the yet unknown).
In section 2 of the present paper we are briefly repeating what is wrong with the currently specified "p-to-c" conversion feature.
In section 3 we describe a concept how to specify and implement a more robust and fault-tolerant version of this feature.
Finally in section 4 we show that the concept described in section 3 avoids the issues raised in section 2.
2. What is wrong with the currently specified optimization feature?

1)
The feature has never been fully specified for the UE side [1]. 



So it is unclear whether during a periodic RAU/TAU, a legacy UE implementation will support:
i)
TMSI reallocation;
ii)
receipt of a GMM (EMM) cause (if the "p-to-c" converted combined RAU/TAU is successful for GPRS (EPS) services only) and the subsequent UE-driven re-establishment of the (S)Gs association; and 
iii)
the necessary abnormal case handling (e.g. after T3330/T3430 timeout or lower layer failure) [2].
2)
The status of the (S)Gs association is not a reliable criterion for converting the periodic RAU (TAU) request into a combined request with IMSI attach.

It has never been reliable, i.e. already in R97 there have been cases where the SGSN should not initiate a location update via the Gs interface, although the status of the Gs association is Gs-Associated. (For example, consider the case of an MS performing a local IMSI detach while out-of-coverage and later initiating a periodic RAU when back to coverage.)


With the complexity introduced with MSC pools, the SGs interface and ISR, it has become even more unreliable. E.g. note that since R97, stage 2 (TS 03.60/TS 23.060) has been quite clear that during an ongoing CS call the UE shall not initiate a combined RAU procedure. When introducing the "p-to-c" conversion for VLR load re-distribution in Rel-6, CT1 overlooked the consequences that the UE can become temporarily unreachable for terminating services (because a change of the registered VLR during an ongoing CS connection will preclude the delivery of further mobile terminating services to the UE until the CS connection is released).

Furthermore, Intel has demonstrated that with the current "p-to-c" conversion, when the UE performs an IMSI detach while ISR is active, the network can perform an unwanted re-attach for CS services upon the next periodic RAU/TAU [2]. – It has been claimed by one company that this is irrelevant, because "in 2G/3G [it] is impossible to produce a case where IMSI detach is triggered by a UE that is CS and PS attached in neither test lab nor in the field" (see [6]); but actually CT1 has specified an AT command in TS 27.007 which can be used to trigger such an IMSI detach (see subclause 10.1.17, GPRS mobile station class +CGCLASS, and there are specific conformance test cases exactly for this scenario for UTRAN in TS 34.123-1, subclause 12.3.1.7, and for GERAN in TS 51.010-1, subclause 44.2.2.1.6, respectively. A use case for an IMSI detach already discussed in R99 was an MS in operation mode B that does not want to be interrupted by CS paging during a long file transfer (see TS 22.060, subclause 6.1.1, Note 2). – 
For E‑UTRAN, TS 24.301 mentions a few scenarios where a change of the voice domain preference from any configuration to "IMS PS voice only" (subclause 4.3.2.3 b) or the configuration for the use of SMS to"SMS service is preferred to be invoked over IP networks" (subclause 4.3.2.5 b) may result in a detach for non-EPS services. (For the AT command, see TS 27.007, subclause 10.1.28, UE modes of operation for EPS + CEMODE; for a related conformance test case see TS 36.523-1.)
3)
Is a periodic RAU converted to a combined RAU still a periodic RAU or a combined RAU?

Until today, in all the CRs proposed by the proponents of the optimization feature in its current form, this has never been stated clearly. – But this is relevant for the UE behaviour, e.g. when the UE performs intersystem change back to S1 mode and needs to initiate a combined TAU, because the type of the RAU procedure performed earlier determines whether the UE needs to set the update type for the TAU to "combined update" or to "combined update with IMSI attach" (see TS 24.301, subclause 5.5.3.3.2). If the UE does not request "with IMSI attach", an MME implementation can skip the re-establishment of the SGs association, and the UE can become unreachable for CS paging [5, 6].


With the current approach of copying more and more requirements from the combined RAU procedure section to the normal and periodic RAU procedure section, one could get the impression that actually the UE is still performing a periodic RAU. – An additional risk with this approach is that further error cases are overlooked, e.g. if the UE never received a RAU ACCEPT message to its periodic RAU request, there will be no reason for the UE to initiate the combined TAU "with IMSI attach" after intersystem change to S1 mode, as the UE is not aware of the conversion.  

3. Concept

3.1 UE requirements
As we have seen in section 2, one root cause of the problem is that the state of the (S)Gs association alone is not a reliable criterion for the SGSN or MME to initiate a re-establishment of the (S)Gs association.
Therefore, we are proposing:

1)
When the UE sends a RAU REQUEST message (TAU REQUEST) message for a periodic update, it shall include an explicit indication whether for the specific periodic RAU (TAU) request the SGSN (MME) is allowed to re-establish the (S)Gs association (if necessary) or not ("re-establishment allowed" indication).

The rules for the UE for setting the "re-establishment allowed" indication are the following:

2)
The UE shall indicate "re-establishment of (S)Gs association allowed"
-
in the RAU REQUEST message for a periodic RAU, if the UE is operating in MS operation mode A, the network is operating in NMO I, and the UE does not have an ongoing CS connection; and 

-
in the TAU REQUEST message for a periodic TAU, if the UE is operating in CS/PS mode 1 or CS/PS mode 2.

The UE shall indicate "re-establishment of (S)Gs association not allowed" in all other cases of a periodic RAU or periodic TAU.
A UE indicating "re-establishment of (S)Gs association allowed" in a periodic RAU or TAU request will also have to comply with the following requirements:

3)
If the UE receives a RAU Accept (TAU Accept) message including 

- 
a new TMSI:
the UE shall from now on consider the procedure to be a combined RAU (TAU) procedure and follow the requirements for the combined procedure (e.g. the UE shall respond with a RAU Complete (TAU Complete) message); or
- 
a GMM cause (EMM cause) IE:
the UE shall from now on consider the procedure to be a combined RAU (TAU) procedure and follow the requirements for a combined procedure successful for GPRS (EPS) services only (e.g. dependent on the cause value the UE shall start timer T3311 [T3411] and upon expiry of this timer initiate a combined RAU [TAU] procedure with IMSI attach, etc.).
4)
If an abnormal case occurs, a UE indicating "re-establishment of (S)Gs association allowed" shall consider the procedure to be a combined RAU (TAU) procedure and follow the abnormal case handling for the combined RAU (TAU) procedure. - Additionally to what is stated currently in TS 24.008, 24.301, for the subsequent combined RAU (TAU) attempts the UE shall set the update type to "combined update with IMSI attach". 


(This is necessary to ensure that e.g. when the location update via (S)Gs interface was successful, but then the transmission of the RAU (TAU) ACCEPT message to the UE failed due to lower layer failure and thus the UE did not receive the new TMSI (if any), upon receipt of the next combined RAU (TAU) request from the UE the SGSN (MME) will again initiate a location update procedure towards the VLR. The VLR that is aware that the previous TMSI re-allocation via (S)Gs was not completed successfully will then retransmit the TMSI via the SGSN (MME) to the UE.)
5)
If the UE performs an intersystem change from A/Gb or Iu mode to S1 mode, and the UE previously initiated a periodic RAU procedure with "re-establishment of (S)Gs association allowed" indication and this procedure was converted into a combined RAU procedure or if the procedure failed procedurally, i.e. no response was received from the network, the UE shall set the EPS update type IE I in the TAU REQUEST message to "combined TA/LA updating with IMSI attach".


(The latter is necessary to ensure that when the SGSN initiated a location update via the Gs interface and thus the SGs association was broken on the VLR side, the MME will in any case re-establish the SGs interface during the next combined TAU procedure.)
3.3 Network requirements

Note that the "re-establishment of (S)Gs association allowed" indication is not intended to be a new option how the UE can signal a combined RAU/TAU request with IMSI attach. 
Upon receipt of a periodic RAU (TAU) Request, the SGSN (MME) will initiate a location update via (S)Gs interface only if 

-
the state of the (S)Gs association is (S)Gs-associated, 

-
the UE indicated that "re-establishment of the (S)Gs association is allowed", and 

-
one of the reasons for triggering the update via (S)Gs (i.e. VLR reset, VLR re-distribution, VLR long-time outage) applies.

That means, due to the first condition, the network will not initiate a location update via the (S)Gs interface for a UE which is only registered for GPRS/EPS services.

Note also that it is proposed that the UE always includes the indication (with one of the two possible values). So the network can discriminate between a legacy UE that does not send the indication and a new UE that is allowing or not allowing the network to re-establish the (S)Gs association. For the latter case, if the UE indicates "re-establishment of (S)Gs association not allowed", the network should of course follow the UE's request and not initiate a re-establishment of the (S)Gs association on its own account. The SGSN (MME) should rather respond with a RAU (TAU) Accept message for the periodic update, followed by a Detach Request (IMSI detach).
Also for the case when the UE did not provide the support indication, because it is a legacy UE implementation, in our view the SGSN (MME) should not initiate a re-establishment of the (S)Gs association, but rather respond with a RAU (TAU) Accept message for the periodic update, followed by a Detach Request (IMSI detach) in order to avoid the problems described in section 2.
4. Analysis of the concept

The issues described in section 2 are covered by the proposed concept as follows:
Requirement 3 from section 3 ensures that the UE is reacting correctly when receiving a new TMSI or a GMM (EMM) cause in the RAU/TAU ACCEPT message.  

Requirement 4 from section 3 ensures that the UE is also handling the abnormal cases correctly (especially the cases of T3330/T3430 timeout and lower layer failure).

Requirement 5 from section 3 clarifies the update type for the next combined TAU procedure. Besides, requirement 3 and 4 are clearly stating that the UE actually considers (and handles) the converted procedure no longer as a periodic update procedure but as a combined RAU/TAU procedure.
Requirements 1 and 2 from section 3 ensure that the network does not perform the conversion when the UE has an ongoing CS connection or when it does not want to be attached for CS services.

Compared to the existing "p-to-c" conversion, the concept described in section 3 is using the same number of messages exchange via the radio interface. The concept requires an additional indication (e.g. with 2 values: "re-establishment of (S)Gs association allowed" and "re-establishment of (S)Gs association not allowed"). The logic for setting the "re-establishment allowed" indication (requirements 1 and 2) is moderately complex. (Essentially the UE uses the same logic to decide whether to initiate a combined RAU/TAU or a normal RAU/TAU.)
The requirement 3 is also needed for the existing conversion feature. The "TMSI" part has already been included in the Rel-11 version of TS 24.008/TS 24.301, the "GMM (EMM) cause" part has been proposed in CRs which were postponed (C-134501, C1-134503 from CT1#84bis, Porto).

The requirements 4 and 5 cover issues which the proponents of the existing solution so far have not covered at all. Note that especially requirement 4 is re-using the existing abnormal case handling.  
Overall we believe that with the proposed concept we can avoid the known pitfalls of the existing conversion feature. 
As the new concept includes a number of new requirements for the UE and the network, it can be applied only from Rel-12 onwards. But the same drawback applies also to the CRs proposed to patch-up the existing feature. Furthermore, we propose to remove the requirements from the Rel-11 versions of TS 24.008 and TS 24.301 (i.e. CRs in C1-124701 and C1-123946 respectively) which were introduced in a not backwards compatible way.  
5. Encoding of the "re-establishment allowed" indication

The indication whether for a specific periodic RAU (TAU) request the SGSN (MME) is allowed to convert the update type from "periodic" to "combined with IMSI attach" or not needs to be signalled with the specific RAU (TAU) REQUEST message.

For the encoding of the new indication at least the following options are available:

1)
define a new IE;

2)
use spare bits in the Additional update type IE;

3)
use spare bits in TMSI based NRI container IE;
4)
use spare bits in the TMSI status IE.

1) Defining a new IE is always possible, however, we need to take into account that in the TAU REQUEST message in TS 24.301, already all the values (8 ... F) possible for the information element identifiers for type 1 and type 2 IEs have been used. So the new IE would need to be defined as a type 4 IE (TLV format).
2) The Additional update type IE is a type 1 IE that currently has 3 spare bits. The additional update type value (AUTV) in bit 1 can be used by the UE to ask for a combined update for "SMS only". Unfortunately, the code point "0" for this bit has been defined as "No additional information. If received it shall be interpreted as request for combined attach or combined tracking area updating". I.e. the IE can only be used during a combined RAU (TAU) procedure, and it is not possible to re-use the IE for our purpose.

3) The TMSI based NRI container IE (see TS 24.008, 10.5.5.31 "Network resource identifier container") is a type 4 IE with a length of 4 octets that currently has 6 spare bits. The condition for including the IE in the RAU (TAU) REQUEST message is: "The UE shall include this IE if it has a valid TMSI." If the UE does not have a valid TMSI, it could include "1111 1111 11" as NRI, but there is a risk that the operator has actually allocated this NRI value to a specific MSC/VLR or maybe to the "Null-NRI" (see TS 23.236). We think it is better to avoid the risk of such a collision, even if it is difficult to find a scenario for a network using MSC pools where a UE with an (S)Gs association in state "(S)Gs-associated" without valid TMSI would perform a periodic RAU (TAU) instead of a normal or combined one.
4) The TMSI status IE is a type 1 IE that currently has 3 spare bits. The condition for including the IE in the RAU (TAU) REQUEST message is: "This IE shall be included if the MS performs a combined routing (tracking) area update and no valid TMSI is available." The TMSI flag in bit 1 can be used by the UE to indicate whether a valid TMSI is available or not. - The definition of the IE and its presence condition in RAU (TAU) REQUEST could be modified so that e.g. bit 2 and 3 are used to indicate whether (S)Gs re-establishment is allowed or not. As the IE will be used both by TS 24.008 and TS 24.301, it might be good to avoid any reference to the specific interface, Gs or SGs. Therefore, in the proposal below and in the CRs we are using the name "IMSI re-attach indication":
	8
	7
	6
	5
	4
	3
	2
	1
	

	TMSI status
	0
	IMSI re-attach
	TMSI
	octet 1

	IEI
	spare
	indication
	flag
	


Figure 10.5.120/3GPP TS 24.008: TMSI status information element

Table 10.5.137/3GPP TS 24.008: TMSI status information element

	TMSI flag (octet 1)

	Bit

	1
	
	
	
	

	0
	
	
	
	no valid TMSI available

	1
	
	
	
	valid TMSI available

	

	IMSI re-attach indication (octet 1)

	Bits

	3
	2
	
	
	

	0
	0
	
	
	no IMSI re-attach indication included (NOTE 1)

	0
	1
	
	
	IMSI re-attach not allowed

	1
	0
	
	
	IMSI re-attach allowed

	1
	1
	
	
	reserved

	

	The MS shall set this field to "00" if the IE is sent during a combined GPRS attach procedure, combined routing area updating procedure, combined EPS attach procedure or combined tracking area updating procedure (see 3GPP TS 24.301 [120]).


The new presence condition for the IE in the RAU (TAU) REQUEST message would be:
The MS shall include this IE during a combined routing area updating procedure, if it has no valid TMSI available, and during a periodic routing area updating procedure.

As options 2 and 3 should not be used for the reasons described above, and option 1 would require a new type 4 IE with a minimum length of 3 octets, our preference is to use option 4, i.e. enhance the TMSI status IE.
6. Proposal for decision

It is proposed that CT1 agrees to accept the concept proposed in section 3 and 5.

Intel is volunteering to provide related CRs to TS 24.008, 24.301, 29.018 and 29.118. 
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