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Comments to S2-99200 “GSM and UMTS cells in the same routing area”





1	Introduction


The capability to have GSM and UMTS cells in the same registration area is currently included in 23.20. Vodafone believe that the means to limit location/routing update load is very important and that the means to do this must be supported in the standards and implementations of release ’99, both for GSM and UMTS.





Tdoc S2-99-200 from Nokia raises some technical difficulties with this concept. This paper attempts to answer these concerns.





Overall, the issue of limiting location update load is one of the major risks areas associated with the evolution of the core network. Without a proven solution, there is a chance that the potential value of UMTS will be wasted.





2	General


The main ‘service’ offered by any PLMN is ‘coverage’. Huge numbers of GSM cells have been deployed and the rate of deployment of GSM cells is likely to continue to increase. This accelerating GSM rollout is likely to continue until the cost of deploying UMTS capacity is less than the cost of deploying GSM capacity. As UMTS operates at a higher frequency and with a lower (mobile) transmit power, even if every GSM cell had a UMTS cell co-located with it, GSM coverage would still be greater than that of UMTS.





The difference in coverage patterns is well known, but, it has generally been only considered in relation to rural environments. However, a much more serious potential problem is that the lack of UMTS coverage will be mostly noticeable as a lack of in-building coverage in urban and suburban areas. In many such areas, there is likely to be GSM coverage but no UMTS coverage.





Effects such as this will lead to dual mode (GSM-UMTS) mobiles frequently changing between GSM and UMTS coverage. The frequency of such cell changes is unknown but there is a significant chance that it would be ten or fifty times higher than the current rate of inter-MSC Location Updates. 





If overlaid UMTS and GSM cells are in different registration areas on different core network nodes, then every cell change would lead to an inter-MSC/SGSN location update. Such a load would impose serious changes on existing core network designs! Indeed the changes could not be regarded as an ‘evolution’ of the GSM architecture but would be much closer to a revolution. 





In addition, with such an environment, the extra load on the signalling channels on the GSM cells would be high. At a minimum it converts every GSM cell into “a cell on an MSC/LA boundary” and would probably require another Traffic CHannel to be converted into extra SDCCHs in every GSM cell. Such a change would remove, say, 5-10% of the GSM network’s capacity (as GSM cells typically have a low number of transceivers).





3	Technical Issues


3.1	Paging vs location update load


Normally, operators make registration areas as large as possible, with a short as possible boundary length. The upper limit on registration area size is given by the paging channel capacity (and the GSM restriction that an LA cannot spread across more than one VLR)





This rule would be followed irrespective of whether or not the GSM and UMTS cells are in the same registration area. Hence both techniques will have IDENTICAL paging channel efficiency.





What is different is that the location updating loads will be massively different in the two cases because the ‘boundary lengths’ will be vastly different.





Conclusion 1a) there are potentially massive problems with different overlaid registration areas in the same geographic area.





Conclusion 1b) no one has (yet?) shown any evidence (and has certainly not proved) that in indoor areas mobiles will not frequently toggle between UMTS and GSM coverage.





Conclusion 1c) operators should be allowed to derisk their future investments by having the OPTION to place GSM and UMTS cells in the same registration area.





3.2	Routeing area update procedure


Why should services be renegotiated at registration area boundaries? ie. why should services be renegotiated solely because of the movement of the mobile (or change in the surrounding radio environment)? It seems far more logical that services should be negotiated at connection setup (note that GPRS services use PDP contexts which are “connections”). 





After connection setup, handover techniques (or network controlled cell reselection, etc) can be used to direct the mobile on to a cell which offers suitable services. (Note that this statement is in line with recent documents within ETSI SMG 2 on how to handle GSM networks which only have certain features, such as EDGE, available on a subset of cells.)





Conclusion 2a) service negotiation is done at connection setup and can then be used to influence the choice of traffic carrying cell. Note that this does not prevent service renegotiation during the middle of a connection.





Conclusion 2b) If an operator wishes to ‘trigger’ routing updates when moving between GSM and UMTS then he can CHOOSE to put the cells into different routing areas.





3.3	Security


Having (very) recently held some discussions with a colleague from WG S3 on the UMTS security concepts, there appears to be little problem with using (evolved) GSM signalling messages to cause the mobile to calculate both GSM and UMTS cipher keys and to respond to and handle UMTS style authentication messages.





For example, a UMTS HLR could send both UMTS “triplets” and GSM triplets to the evolved GSM-MSC or evolved GSM-SGSN. The MSC then sends a modified GSM 04.08 Authentication Request message to the mobile. This message could contain both the GSM RAND and the UMTS “RAND”. The USIM in the dual mode mobile checks the validity of the UMTS “RAND” and then calculates the GSM SRES, the GSM Kc, the UMTS SRES, the UMTS Kc and the UMTS integrity key. The mobile then returns a modified GSM 04.08 Authentication Response message containing both the GSM SRES and UMTS SRES. Any GSM 04.08 CM or MM message that needs integrity checking can be extended to carry an Integrity Check information element. This process can be done in either GSM or UMTS coverage and the mobile is now prepared for handover/movement within any of the cells.





Obviously this is not a complete solution and other techniques can be imagined. However the careful design processes used in GSM do allow us to upgrade the GSM signalling fairly easily.





Suggestion 3a)	putting GSM and UMTS cells in the same registration area may lead to similar levels of security for any given mobile, however….





Conclusion 3b)	with the exception of the length of cipher key used in the GSM coverage, we should work to ensure that UMTS security levels can be offered to UMTS subscribers irrespective of the Radio Access Network.





3.4	GSM only Subscriber


It is an open question as to whether or not GSM SIMs should be able to be used in UMTS coverage areas. However, provided HPLMN and VPLMN are satisfied about the level of any fraud risk, it seems a shame to stop roamers from spending money! (How many people at THIS meeting are missing their GSM mobile phones at the moment?)





Certainly there are some situations where it may be desirable for an operator to control the subsystems which a subscriber can use. This was considered when the dual band DCS 1800 GSM 900 standards were developed. However there was (then) no service requirement for such a feature. If there had been such a requirement, then additional Location Update reject causes could have been specified to provide this functionality. This technique is easily available for UMTS - GSM segregation.





Note: The main reason why GSM-GPRS required ‘partial reject’ was to cope with the situation where ‘pre-pay’ systems were available on the MSC but not yet available on the SGSN/GGSN. Reuse of evolved 2G core network nodes could remove this requirement for UMTS.





Conclusion 4)	extra location/routing area reject causes should be specified so that mobiles can be forced to only reselect GSM cells in a registration area that contains both GSM and UMTS cells (and the other way around)





3.5	Services not supported in GSM


Obviously some services will not be supportable in GSM. However, it should be an operator and subscriber choice as to what the ‘fallback’ scenario is. In general, some form of degraded service will be preferable to a “no coverage” indication. 





It has to be recognised that merely being in UMTS coverage does not guarantee very much in the way of high data rate services. Probably, UMTS coverage ends at the point where a signalling channel with a 2.4 kbit/s throughput can no longer be sustained. 





Should a UMTS mobile that may want the occasional 128 kbit/s video service tell the UMTS cell whenever it moves into and out of the range for 128 kbit/s coverage? This appears to be a bad idea. However, it is virtually identical to the concept of telling the network whenever you move between GSM and UMTS coverage!





Our preferred solution to this issue is that whenever an MO or MT event starts, the mobile contacts the GSM/UMTS network; the network analyses the service requirements and finds the most suitable cell. If no such cell is available, the request is blocked.





Note that many practical UMTS data rates and services can be imitated on GSM/EDGE/HSCSD. However they will do so in a fairly ‘inefficient’ manner, which is why we need UMTS!





In GSM, the most likely time for a handover is near the start of the connection. This is because the mobile and the network have different opinions about what is the best cell, and, generally the network has additional knowledge of the cell deployments. Hence using MM to determine the idle mode classmark seems to be a poor idea.





Conclusion 5) ‘directed retry’ style handover seems to be the best solution. 





3.6	Combinations of Terminal Capabilities


Mobiles that do not support GSM-SGSN based services but do support UMTS-MSC and UMTS-SGSN services need to indicate this fact to the GSM network in their GSM Channel Request message (eg with establishment cause 0001). The GSM network can then send the mobile to an SDCCH and following the immediate arrival of the RR Initialisation Request message immediately command the mobile to ‘handover’ to the most relevant UMTS cell.





Parameters for the cell update state and URA update state in the UTRAN should, of course, be adjusted to reduce the amount of time that any such mobile (and indeed any UMTS mobile) spends in GSM coverage.





Conclusion 6) GSM already supports solutions for GSM-GPRS incapable mobiles.





4	Summary


There are massive risks in preventing operators placing GSM and UMTS cells in the same registration area.  Outline technical solutions to the problems have been identified. Work should continue on these solutions (or on other, better solutions).





23.20 v1.6.0 chapter 7.3.10 requirement 2 should not be changed.


