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Introduction

Up to now for the case of a change of the network mode from I->II/III and vice versa in the same RA the MS behaviour is unspecified. 

In 23.060 it is strongly recommended to configure the network mode in a cell homogeneous to ensure “proper operation”. This contribution does not have the intention to change this recommendation, nevertheless there are scenarios where the network mode must be changed in a RA, e.g. due to maintenance reasons. For the MS behaviour it does not make any difference due to what reason the change is made. The following analysis and proposals are applicable irrespective whether the mode changes within the same cell or when re-selecting a new cell within the same RA. 

Analysis

Case II/III->I

Especially if the network supports a PCCCH, the change from network mode III to I will result in a better pageability for PS and CS as CCCH and PCCCH are colliding. But also if only CCCH is used, the change from II->I will improve the (CS) service significantly, as during an ongoing Packet Transfer(TBF) the MS is pageable for CS.

As up to now it is not defined how the MS should react once the network mode within the same RA is changed from II/III to I, possible MS behaviours are:

a) no reaction at all
This would mean, that the MS will not apply network mode I and therfore will not use the combined procedures until it changes the RA. The periodic RAU will not trigger a change to the network mode I as this is neither described for the MS in 24.008 nor for the SGSN in 29.018.
Pro: 
no additional network load upon network mode change
Con:
network mode I will not be applied by stationary MS's

b) apply network mode I on T3312 expiry
The MS will apply network mode I and thus the combined procedures upon T3312 expiry by performing a combined RAU with IMSI attach instead of a periodic RAU. 
Pro: 
wide spread of the additional load caused on the Gs-interface;
no additional RAUs on the Uu interface
Con:
depending on the chosen T3312 value significant delay until network mode I will be applied

c) randomly delayed change to network mode I
Upon detection of the change of the network mode from II/III to I the MS will start a new timer T33xx with a value that is randomly chosen within a specific range. On its expiry the MS will perform the combined RAU with IMSI attach in order to establish the Gs association.
Pro:
spread of the additional load caused on the Gs-interface and the Uu interface 

due to the additional RAUs
Con:
additional RAUs necessary, delay until network mode I will be applied.

d) immediate combined RAU with IMSI attach
The MS immediately performs combined RAU with IMSI attach upon detection of the change from II/IIII to I
Pro:
No delay until network mode I is applied.
Con:
All MSs will perform the combined RAU quasi synchronised with considerable risk of congestion.

Case I->II/III

If PCCCH is used, the change from I to III causes the risk that the MS is not reachable for CS services. 

TS 29.018 does not specify any explicit procedures to be followed by the VLR, when the Gs interface is physically interrupted/destroyed, nor does it specify any procedure for taking a Gs interface out of service for maintenance purposes. However, according to subclause 12.3, Procedures in the VLR (after an SGSN Reset): “If the 'Confirmed by Radio Contact' restoration indicator is 'false' the VLR may send paging messages on both the Gs and the A interface.” Thus it may be assumed to be an implementation option for the VLR to repeat the Paging Request on the A interface also when the Gs interface is interrupted or taken out of service. Actually, if a network does not implement the optional paging via the A interface, the CS Paging Request and all retransmissions will be lost.

If the PCCCH is used and the MS detects a network mode change from I to III, the MS should immediately start monitoring the CCCH again, because paging requests for CS services can no longer be received via the PCCCH. This behaviour seems nowhere clearly defined. Based on the above analysis of the network behaviour, it is questionable whether the MS should actively destroy the Gs-association by performing a Location Update procedure. The MS based solution by performing the Location Update procedure would have the advantage that the pageability for CS services is 100% ensured, however, at the cost of additional network load. This MS based approach is at least chosen in 24.008 sec. 4.7.2.2 bullet point b), where it is defined, that the MS shall perform a LU if T3312 expires out of coverage and the MS returns in a cell of the same RA indicating network mode II/III.
Similar to the II/III->I different solutions when to trigger the Location Update are possible, with the possibility to spread the load instead to trigger the LU immediately after the detection of the mode change:

a) no MS reaction at all
The MS will not perform a LU in order to destroy the Gs-association. The MS should probably immediately monitor CCCH again, nevertheless this is not explicitly mentioned in the specs.
Pro: 
no additional network load upon network mode change at all
Con:
Risk that the Ms is not reachable for CS until a new LA is entered

b) start T3212
The MS will start T3212 on detection of the mode change. On its expiry a normal LU is performed
Pro: 
wide spread of the additional load
Con:
depending on the chosen T3212 value significant delay, additional network load

c) randomly spread delayed LU
Upon detection of the change of the network mode from I to II/III, the MS will start a new timer T33yy with a value that is randomly chosen within a specific range. On its expiry the MS will perform the LU in order to destroy the Gs association.
Pro:
spread of the additional load with less delay then the T3212 solution
Con:
still certain period where the CS paging is potentially lost.

d) immediate LU
The MS will immediately perform the LU in order to destroy the Gs-association. 
Pro:
no risk that CS Paging Requests are lost 
Con:
All MSs will perform the LU quasi synchronised with considerable risk of congestion.

Proposal

For the case II/III->I and the case I->II/III we propose the solutions c). It could be discussed whether the values for the new defined timers are fixed defined in the standard, or whether it should be possible to assign specific values via GMM signalling. In our opinion a fix definition is sufficient.

