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1. Introduction
CR C1-114715 [1] proposed in 3GPP CT1#75 SFO meeting has initiated discussion on the MM state handling when the UE camping in E-UTRAN, especially to clearly specify that the UE should enter the MM state MM LOCATION UPDATING PENDING when a combined attach procedure or combined TAU procedure is initiated. Such proposal is postponed due to some key issues were found during the discussion and more time need to think about in detail.

This discussion paper attempts to summarize the current MM state handling in 3GPP TS 24.301 [2], show the key issues found in the current MM state handling and find a way forward to resolve such issues.
2. Discussion

2.1 Current MM state handling in E-UTRAN
3GPP TS 24.301 [2] has defined the coordination between EMM and MM, i.e. UEs that operate in CS/PS mode 1 or CS/PS mode 2 of operation shall use the combined EMM procedure (i.e. combined EPS/IMSI attach and combined TAU) in order to attach to both EPS and non-EPS services. It means that UEs operating in CS/PS mode 1 or CS/PS mode 2 of operation in E-UTRAN should maintain a same MM state machine as in 2G/3G when registering to both the CS domain and the PS domain.
Currently, it has specified in 3GPP TS 24.301 [2] since Rel-8 that the MM state in the UE should be changed during a combined EMM procedure. The MM state change specified in 3GPP TS 24.301 [2] can be summarized as in below table:

	Combined EMM procedure
	Procedural status
	MM state entered

	Combined Attach
	Successful completion
	MM-IDLE

	
	Successful for EPS services only with cause #2
	MM-IDLE

	
	Attach rejected
	MM-IDLE

	Combined TAU
	Successful completion
	MM-IDLE

	
	Successful for EPS services only with cause #2
	MM-IDLE

	
	TAU rejected
	MM-IDLE

	Combined Detach
	Detach initiated
	MM IMSI DETACH PENDING

	
	Successful completion
	MM-NULL

	IMSI Detach
	Detach initiated
	MM IMSI DETACH PENDING

	
	Successful completion
	MM-NULL


Note that the MM state change specified in the abnormal cases of the above combined EMM procedures are not listed in the above table.
Furthermore, it is also specified that the MM state should also be changed in some abnormal cases of the combined EMM procedures, e.g. it has stated that the UE should enter MM IDLE substate NORMAL SERVICE in the abnormal case of combined attach procedure. Quoted from 3GPP TS 24.301 [2] subclause 5.5.1.3.6:

“-
if the update status is U1 UPDATED and the attach attempt counter is less than 5, then the UE shall keep the update status to U1 UPDATED, the new MM state is MM IDLE substate NORMAL SERVICE;”
One can see that the MM state machine has already run very stable in E-UTRAN since Rel-8, so propose to remove all MM states specified in 3GPP TS 24.301 [2] is unacceptable. Also it is not a right way to add a NOTE in 3GPP TS 24.301 [2] to indicate that the UE needs not to check/change the MM state when it camping in E-UTRAN.
2.2 Problem
From the above table in section 2.1, one can see that which MM state the UE should enter when the combined attach/TAU procedure is initiated is not clearly specified in the current 3GPP TS 24.301 [2]. However, it has clearly stated that the UE should remain the MM state MM LOCATION UPDATING PENDING in an abnormal case of combined attach and combined TAU procedure:
Quoted from 3GPP TS 24.301 [2] subclause 5.5.1.3.6:

“-
if the attach attempt counter is less than 5 and, additionally, the update status is different from U1 UPDATED, then the UE shall delete any LAI, TMSI, ciphering key sequence number and list of equivalent PLMNs and set the update status to U2 NOT UPDATED. The MM state remains MM LOCATION UPDATING PENDING; or” 
Quoted from 3GPP TS 24.301 [2] subclause 5.5.3.3.6:

“-
if the tracking area updating attempt counter is less than 5 and, additionally, the update status is different from U1 UPDATED UE shall delete any LAI, TMSI, ciphering key sequence number and list of equivalent PLMNs and set the update status to U2 NOT UPDATED. The MM state remains MM LOCATION UPDATING PENDING; or” 
Furthermore, it also stated that the UE should enter the MM state MM LOCATION UPDATING PENDING when such UE initiates the combined GPRS attach/RAU procedure in 2G/3G, as specified in 3GPP TS 24.008 [3] subclause 4.7.3.2.1, quote:

“If the MS is in GMM state GMM-DEREGISTERED and in MM state MM IDLE, the MS initiates the combined GPRS attach procedure by sending an ATTACH REQUEST message to the network, starts timer T3310 and enters state GMM-REGISTERED-INITIATED and MM LOCATION UPDATING PENDING. If timer T3302 is currently running, the MS shall stop timer T3302. If timer T3311 is currently running, the MS shall stop timer T3311.”
Why the UE should enter the MM state MM LOCATION UPDATING PENDING when the combined GPRS attach/RAU procedure is initiated in 2G/3G? The reason has been clearly clarified as in 3GPP TS 24.008 [3] subclause 4.1.1.2.1, quote:
“NOTE 3:
Whenever GMM performs a combined GMM procedure, a GPRS MS enters the MM state MM LOCATION UPDATING PENDING in order to prevent the MM from performing a location area updating procedure.”
Now if we look back to the MM state statement in 3GPP TS 24.301 [2] subclause 5.5.1.3.6 and 5.5.3.3.6, two things could be questioned: (1) the word “remains” means that the MM state has already been MM LOCATION UPDATING PENDING before such abnormal cases happened, e.g. the UE enters the MM state MM LOCATION UPDATING PENDING when the combined attach/TAU procedure is initiated; (2) the UE needs not enter or remain MM LOCATION UPDATING PENDING state due to the UE will anyway not perform location updating procedure when in E-UTRAN.
An important thing is that if such UEs move to 2G/3G in NMO II/III and the MM state still remains in MM LOCATION UPDATING PENDING, then the UE can not initiate separate location area updating procedure. This is a fatal problem (i.e. the UE can not register to CS service in NMO II/III) and should be avoided at any time. Note that TS 24.008 does not clearly specify when the UE leaves this MM LOCATION UPDATING PENDING state except the cases of success or failure of combined GMM procedures.
So there is no need for a UE to enter the MM state MM LOCATION UPDATING PENDING when the UE in E-UTRAN and the current statement in TS 24.301 will result a fatal problem when the UE moves to 2G/3G in NMO II/III and the MM state still remains in MM LOCATION UPDATING PENDING.
2.3 Solutions
There are three possible solutions can resolve above fatal problem for the UEs remain in the MM state MM LOCATION UPDATING PENDING when camping in E-UTRAN:
Solution I:

To clearly specify in TS 24.008 that the MM state should be changed to MM-IDLE after the UE performs inter-system change from E-UTRAN to 2G/3G.
Solution II:

To change the current statement “The MM state remains MM LOCATION UPDATING PENDING” to “The new MM state is MM IDLE” in TS 24.301 subclause 5.5.1.3.6 and 5.5.3.3.6.
Solution III:

To remove the current statement “The MM state remains MM LOCATION UPDATING PENDING” in TS 24.301 subclause 5.5.1.3.6 and 5.5.3.3.6 and put the MM state in this abnormal case to UE implementation.

Solution I needs to change the UE behaviour after the system change from E-UTRAN to 2G/3G while keep the UE behaviour unchanged in E-UTRAN; Solution II changes the UE behaviour in E-UTRAN by clearly specifying the MM state while Solution III put the MM state to UE implementation. Considering there is no need for a UE to enter the MM state MM LOCATION UPDATING PENDING when in E-UTRAN and to make the UE implementation more flexible, Solution III is preferred here.
3. Conclusion

This paper has summarized the current MM state handling in E-UTRAN and discussed the problem of the current MM state handling to remain the MM state MM LOCATION UPDATING PENDING. It is concluded that there is no need for a UE to enter the MM state MM LOCATION UPDATING PENDING when in E-UTRAN and a fatal problem can happen when the UE moves to 2G/3G in NMO II/III and the MM state still remains in MM LOCATION UPDATING PENDING.
It is proposed CT1 to discuss the above issue and to approve a solution to resolve this problem. The Solution III listed above is preferred and shown in CR C1-120334.
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