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1 Introduction
In SA2#49 contributions from Vodafone in S2-052667 and Alcatel in S2-052539/40 the issue of indicating changing cell characteristics to GGSN and beyond to applications servers are discussed. In the Vodafone contribution the issue of how to provide specific charging in home zone cells and for GAN/UMA is also discussed. 
The intent with this document is to present an alternative for how changing cell characteristics can be indicated to GGSN and beyond. 

The issue of implementing home zone cells and specific GAN/UMA charging is also discussed and one alternative is recommended. 

2 Indicating changed cell characteristics
In current proposals a new information element, Cell-Type, is introduced that indicates what type of radio access a UE moves to. The Cell-Type is just forwarded to the GGSN for further relay to applications server beyond GGSN. The intention is to use the Cell-Type for service differentiation e.g. adapt the bitrate to the capabilities of the current access.

Even intended service differentiation is something that is needed, there is a major drawback with just propagating the raw Cell-Type up to the GGSN and the service network. Access specific information should preferable be kept and isolated as close to the access as possible. Ideally the service network should be completely unaware of all access specific information and only depend on that an IP access has been provided all the way to the end-users terminal. With a growing number of different access types (2G, 3G, WLAN, LTE, etc) and with multiple alternative technologies on each access ( EDGE, HSPA, IEEE 802b, IEEE 802g, etc) the situation of handling all these Cell-Types in GGSN and in the service network could become cumbersome or even impossible. 
A solution to this problem can be to try to find the lowest common denominator of what characteristic the service network really need to know of the different accesses and access technologies. One assumption is that knowing the maximum bitrate could be such a key characteristic. 

A proposal is therefore that the maximum bitrate of the current cell should be forwarded to GGSN and beyond when cell type has changed. Most appropriate way to do this between the SGSN and GGSN is to use the Update PDP Context Request message with a modification of the maximum bitrate QoS parameter. 
The benefits with such a solution is that it should be more robust to future evolvement of access technologies and that it keeps access specific information as localized to the access as possible. 

One additional benefit with updating the max bitrate as user changes between cells of different characteristics is that the subscribed max bitrate may be taken into account as well. The SGSN may compare the max bitrate of the new cell with the users subscribed max bitrate before it updates the GGSN. It may chose never to exceed the subscribed value even if the cell is capable of more. 

Another benefit that may also prove possible is that the terminal capabilities is also taken into account be the SGSN before the GGSN is updated with the new max bitrate.   
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Figure 1    Indicating changed cell characteristics to GGSN and service network
This solution tries to minimize ….  
For this solution to work an indication from BSC, GANC and RNC of cell type or cell key characteristics needs to be introduced. Such an indication should be sent by the RAN node (if possible) only when the key characteristics has changed for a UE. If not possible, e.g. in RNC which doesn’t keep any IMSI related state, it should be minimized. For RNC it can for example be sent only when a RAB is set up and during the RAB lifetime only when the key characteristic changes. It also be done only for one RAB per UE. Preferably it is done in conjunction with cell id indication as described below. In any case, the SGSN compares any new indication from RAN with the previous key characteristic, and only updates GGSN if a change has been done (and if subscription and terminal capabilities allows). That way signalling up in the network to the more aggregated levels of GGSN and service network can be kept to a minimum level.
3 Home zone cell handling
The Home Zone cell indication is a feature which has come quite late into the discussion, and where the S1 discussion has not yet started. Nevertheless, it is obvious that this may have a true operator value. The scenario with home zone cells in GAN/UMA has earlier been given, where the subscriber can benefit from specific charging rating when he/she is calling from home connected via his/her own WLAN-Internet connection. Agreements with enterprises with specific charging rating on the enterprises premises may be equally important. 

The Home Zone cell scenario does however not necessarily only apply to GAN/UMA but can basically be used for service offerings on any access type. A generalized concept should therefore be studied. 

In earlier contributions different solutions to this has been discussed. The latest proposals have involved providing the “raw” cell id information up to the GGSN and letting the GGSN take the responsibility for identifying the events when a user have entered or left home zone coverage. 
An obvious drawback with this kind of solution is that more information than necessary needs to be forwarded up to higher aggregation levels in the network.  Access specific information as the cell id should also be kept as localized and as close to the access network as possible (compare with indication of cell characteristics in previous subclause).     
For this reason the kind of solutions that have been mentioned earlier in the SA2 discussions, with lists of Home Zome cell id’s retrieved from HLR or possibly some other subscriber server would be more beneficial.
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Figure 2    Indicating Home Zone presence to GGSN for charging purposes

When a terminal attaches to the network, a list of Home Zone CGI’s / SAI’s is received in SGSN as part of the subscriber information. Each time an active UE changes cell, the RAN indicates the new CGI/SAI to the SGSN. The SGSN compares the new CGI/SAI with the list of Home Zone CGI/SAI’s. If and only if a UE enters or leaves a Home Zone, the SGSN sends an event indication to the GGSN. The GGSN may then change the charging rating appropriately.

On the Gb interface the CGI is already part of the protocol and is continuously sent to SGSN, i.e. no protocol changes required there. The GANC should also be able to use specific CGI’s so that SGSN can distinguish these from GERAN CGI’s. 

On the Iu interface it would be possible to minimize signalling and complexity in RNC by only providing SAI to SGSN when there are active RAB’s for a UE. This should be sufficient as charging is should only be done when communication is done. Today when a RAB is established SAI is always communicated to SGSN. Remains for RNC to update SGSN when a UE moves and changes SAI. For this there is already support in RANAP using the RANAP Location Report Control (see TS 25.413 subclause 9.1.2.9). This allows the SGSN to subscribe to SAI changes for a UE. It has been said that LCS in general is to heavyweight for Home Zone cell indication, and in general there is no doubt about that. For the specific task however, that during an active RAB use this specific location reporting mechanism there should be no performance issue present.  
For the Home Zone state to be known by the GGSN an update of the GTP-C protocol is required. It may for example be indicated by a flag indicating that the UE has entered or left the Home Zone, or by some other means. 

Operators which use both the Home Zone feature and service differentiation based on cell characteristics should not experience any additional signalling between SGSN and GGSN, as both indications should be possible to do in the same Update PDP Context message. At least in the GAN/UMA case it is likely that the cell characteristics changes at the same time as the Home Zone state changes. 

If any application servers are interested in knowing the Home Zone state, it may be possible for the GGSN to forward the indication on the Gi. 

For the storage of the list of Home Zone CGI’s/SAI’s in HLR an expansion of the subscriber information is needed. It may for example be done using the same coding as is used in GTP when CGI and SAI is combined into one User Location Information (ULI) IE (see TS 29.060). It may alternatively be possible for SGSN to retrieve this specific subscriber information from some other subscriber server if available. 

To minimize signalling to GGSN and beyond, Home Zone indication should not be sent for subscribers not subscribing to the service i.e. not having any list of Home Zone CGI’s/SAI’s in the subscriber information.  

4 GAN/UMA indication 

The issue which has possibly been discussed most time is the basic indication to GGSN if a UE is under GAN/UMA coverage or not. Given that a GANC is using its own range of CGI’s, it is possible for SGSN to identify when a UE moves into or out from GAN coverage. It is assumed that the BSC and GANC includes an attribute for all cells during start-up, indicating if a cell is a GAN cell or not.
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Figure 3    Indicating GAN presence to GGSN for charging purposes

When during communication the CGI indicated from BSC/GANC changes, the SGSN checks if it is a GAN cell or not. And when a UE moves in or out of GAN coverage, the SGSN initiates an Update PDP Context message to the GGSN indicating the changed RAT type.

To minimize signalling in the CN, the SGSN may be equipped with a delay function for UE’s that are entering GAN coverage which doesn’t match their own home zone cells. That is, if a moving UE just passes through some WLAN/GAN coverage, the SGSN may wait to report this for a configured number of seconds. If the UE quickly moves out of the WLAN/GAN coverage again, no signalling has been done to GGSN.  The SGSN may distinguish the Home Zone cells though, and immediate update GGSN,  as it is likely that the user will stay for some time if he/she just got home.
5 Conclusion and Proposal
To summarize the following has been found:

- For GAN/UMA indication; this can be done with existing Gb protocols. The RAT-type need to be extended with “GAN” for the GTP-C protocol on Gn.

- For Indicating cell characteristics; solving this by doing an update of the QoS value for max-bitrate requires no change on Gn interface. Remains to find a way for RAN to communicate key characteristic such as max-bitrate to SGSN. 

-  Home Zone Cell handling; to have this function generic e.g. for both GAN, 3G and 2G there is a need to have a list of Home Zone Cells in the subscriber information accessible by SGSN (HLR or other server). For sending CGI/SAI from RAN to SGSN when the terminal is active (i.e. charging should be done) it should be possible to use existing mechanisms. A new indication for entering or leaving a Home Zone need to be added in the GTP-C protocol on Gn. 

All these three important functions, can be accomplished by a few minor protocol updates and by using existing mechanisms in the different protocols. 

It is proposed to go ahead and specify these updates. 
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