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1
Background
Operators with 2G and 3G systems have noticed certain problems when running them on separate 2G and 3G platforms. To avoid these problems, Release 99 contained an Idle mode Signalling Reduction mechanism based on parenting 2G and 3G cells onto the same CN platform (SGSN for PS domain and MSC for CS domain) and placing them in the same RA and LA.

While studying SAE/LTE, ISR was again discussed and it was – at that time – felt useful to avoid “mandating the co-location of MME and SGSN for ISR support” by specifying a signalling based solution. Also, at that time, it was decided that the ISR solution should not preclude a combined MME-SGSN.
2
Current Status

Since then, the high level design of signalling based ISR has progressed and we now have about 90-95% of the “High Level Design” work done. However there remain open issues related to the network treatment of missed periodic updates, and, to the need to broadcast an “SGSN release indicator” in GERAN.
The interactions of the current ISR solution with the current CS domain are roughly understood (i.e. the LTE radio appears as an area without CS domain coverage). However, the late introduction of the “CS fallback” and the “Core Network centric SR-VCC” features risk destabilising and/or further complicating this aspect of the ISR feature.

Moreover, the High Level Design work shows that the signalling based solution is somewhat complex. There are impacts on SGSN, MME, HSS, SGW and probably the GSM BTS. Until all of these nodes (from multiple vendors) have been upgraded, proper interoperability testing with the mobile will not be possible. This raises the possibility of mobiles mis-implementing or not-implementing the feature.
Another aspect of the current ISR design is that a combined MME-SGSN seems to gather no ‘system’ synergies from being combined. (There are probably some O+M synergies from adding MME functionality to an SGSN and reusing the SGSN’s O+M platform). This lack of system synergies is disappointing. They stem from the ‘double registration concept’ which means that when a mobile moves and “ISR registers” with an MME, it cannot be deleted from the “last used” SGSN (because that “last used” SGSN is still the serving SGSN). Hence with combined MME-SGSNs, a mobile moving into a new MME-SGSN area always performs two updates (and two sets of MME-SGSN to HSS signalling) and the MME-SGSNs have to perform signalling to maintain the (probably transient) state where the mobile is updated on two separate combined MME/SGSNs!
3
Discussion

There is a strong need to avoid “legacy LTE mobiles” and hence early testing of these mobiles is very important (consider how many release 99 or earlier mobiles are still being sold today).
Some operators are now encouraging vendors to implement the MME and SGSN on the same platform – and these operators are interested in an architecture that is optimised for combined (rather than separate) MME and SGSN.

Simplification of the architecture, the reduction of the number of different types of nodes, and the reduction in the number/complexity of interfaces are all typical operator requirements.
4
Proposals
a) Given the open discussion on the 2G/3G component for the SAE architecture, and the late arrival of features such as CS Fallback and SR-VCC, Vodafone believe that SA2 should consider whether the ISR concept can be significantly simplified.
A by product of this work is that we can check whether its (re)design is compatible with CS Fallback and SR-VCC.

b) That the ISR method described below is considered for release 8.

5
Suggested Simplified ISR solution

a) base the solution on a combined MME and SGSN. Solutions for separated MME and SGSN could be developed in later releases if there is a market need.
b) the mobile is registered either on one SGSN, or, one MME, or, one Combined MME-SGSN. (And the HSS only “points” to one of these nodes)
c) when the mobile Attaches or performs an RA or TA update, the Combined MME-SGSN:

i) ensures that the mobile has valid LTE and 2G/3G security contexts by sending a combined ‘authentication request’ containing both LTE and 2G/3G security challenges.

ii) allocates a P-TMSI and GUTI to the mobile
iii) sends a “list of areas” in the RA/TA Update Accept message that contains one RA plus the Tracking Area List.  
   Note: the above assumes that the combined MME-SGSN wishes to use ISR and/or the mobile is LTE (or 2G/3G) capable. If not, normal, single RAT procedures are applied.

d) Idle mode movement between this 2G/3G RA and these LTE TAs does not lead to any signalling to the network.

e) One periodic RA/TA timer runs between the combined MME/SGSN and the UE.

f) Activation/deactivation of dedicated bearers/secondary PDP contexts does not cause loss of “ISR sync”. (This helps to decouple the MM and Session management layers in the mobile – as requested by CT 1.)
g) buffering for downlink data in idle mode would be handled in a common place for 2G/3G/LTE. This is probably best in the SGW, and hence requires the S4 interface.
h) use of the S4 interface and GTPv2 signalling provides a mechanism by which PCRF initiated bearer changes can be handled when the mobile might be in idle mode.

i) on the HSS to Combined MME-SGSN interface, both 2G/3G and LTE subscriber data and security context information are downloaded in one (set of) transaction(s). 

Note: CT 4 seems to be already working on this combined interface.
Interworking with Cs fallback using Gs.
j) If the CS fallback solution requires that the mobile is ‘updated in the LA’ before making the CS call, then the MME-SGSN is configured such that the “list of TAs” allocated to the UE is a near subset of the LA. (The RA is automatically a subset of the LA).
Note: the current CS fallback solution does not seem to work with the current ISR solution when the 2G/3G system is using a Gs interface.
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