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Inter-RAT Iur-g issues

1 Introduction

In GERAN a control plane Iur (i.e. Iur-g) is defined between different BSS [1]. This interface will facilitate SRNS relocations as well as allow GERAN Registration Area to extend over more than one BSS coverage area. A similar interface is also proposed between UTRAN and GERAN [2]. 

Some possible benefits of introducing this interface are:

· The inter-system Iur-g will allow one URA/GRA to overlap both GERAN and UTRAN. If such an URA/GRA is used it will be possible for an MS in URA/GRA_PCH state to do cell-reselection between the two systems without sending any signaling to the RAN as long as it has no data to transmit and stays in this URA/GRA. This will reduce the signaling in spotty UTRAN/GERAN coverage as well as reduce the load in the CN due to Connected mode toggling between the two systems. 

· The inter-system Iur-g will also make it possible to move between UTRAN and GERAN in PMM_Connected mode without going to PMM_Idle. This will potentially reduce the delay of an inter-system cell-reselection as well as reduce the signaling over the air. The Iur-g will facilitate the SRNS relocation.

This contribution discusses some of the technical aspects of this inter-system Iur-g between GERAN and UTRAN and lists some of the potential issues that needs to be solved before this interface can be introduced. 

Working assumptions
· The presence of the Iur-g is transparent to the MS. This implies that the MS should behave like a UTRAN MS in UTRAN and a GERAN MS in GERAN, legacy mobiles will also be supported.

· It should be possible to implement the system without an Iur-g. 

· The Iur-g is based on the existing Iur and uses a subset of the messages and procedures defined in the 3GPP TS 25.42x series.

· It is assumed that any Cell Update in a BSS/RNC other than the serving BSS/RNC triggers an SRNS relocation and the response Cell Update Confirm will be created by the new serving BSS/RNC.
· The system supporting an inter-system Iur-g support at least to a certain point the same release of GERAN and UTRAN and the MS is multi-RAT capable and support the same release for both RATs.
2 IDLE mode UTRAN/GERAN inter-working

The introduction of GERAN (Iu) will in Idle mode lead to significant UTRAN/GERAN inter-working benefits compared to existing UTRAN/GSM R99/R4 systems. Both GERAN and UTRAN can be connected to the same CN and the MS will use the same NAS procedures. The PDP context set-up in one system can remain unchanged when the MS moves to the other system. The introduction of an Iur-g has no impacts on the Idle mode. Examples of benefits in GERAN/UTRAN Idle mode compared to R99/R4 Idle mode are:

The possibility to define overlapping Location and Routing Areas without any restrictions to use combined 2G/3G CN nodes like in the R99/R4 case. Overlapping LA/RA can reduce the signaling significantly in spotty UTRAN/GERAN coverage areas. The MS can actually change RAT without any signaling. This will probably meet the requirements from [3] on overlapping registration areas.

Another benefit is that no bouncing will occur between the 2G and 3G CN compared to the R99/R4 case, since the MS will be in the same CN. Moving between UTRAN and GERAN (Iu) coverage and performing normal LA/RA updates will not affect the CN differently than intra-system roaming. 

3 CONNECTED mode UTRAN/GERAN inter-working

3.1 No inter-system Iur

In this system there are no inter-system overlapping URA/GRAs and the normal behavior at inter-system cell-reselection will result in RRC connection re-establishment. RRC connection re-establishment will probably involve more signaling over the air and delays than cell update. The extra delay introduced can be neglected for mobiles in URA/GRA_PCH State since it will not be visible for the user. 

It should be noted that if an inter-system Iur-g is not standardized the MS does not need to perform an unnecessary cell update in the new system but can instead perform a RRC connection re-establishment immediately. This is more efficient than in the case where an inter-system Iur-g is standardized but not implemented. 

The inter-system change between UTRAN and GERAN (Iu) will even without an Iur be more efficient and involve less signaling than the inter-system change between UTRAN and GSM R99/R4 since it will be an intra-CN system change. It could even be an intra-MSC and intra-SGSN inter-system change.

In Connected mode without an Iur the same problem as in UMTS/GSM R99/R4 exist with the potential loss of UMTS coverage indoor which might lead to Ping-Pong effects between UTRAN and GERAN. Hopefully cell hysteresis will solve this problem but the introduction of GERAN (Iu) will anyway improve this scenario significantly when the MS is Idle mode. The performance of GERAN (Iu) in Connected mode should at least not be worse than for UMTS/GSM R99/R4 today.

3.2 Inter-system Iur-g

In this system a control plane Iur would be used for connectionless RRC messages (i.e. a subset of the UTRAN RRC messages that are using CCCH). The working assumption is that all RNSAP Basic Mobility Procedures and Global Procedures will be supported. RRC direct transfer of higher layer signaling will not be supported since it uses a user plane Iur in UTRAN.

It is assumed that Cell Update in a new RNS/BSS coverage area will automatically lead to an SRNS relocation with this interface. The benefits of allowing the MS to be in Cell_FACH (Cell_Shared) or Cell_PCH state in another system is limited since it cannot send any data, RRC signaling or higher level signaling. Periodical Cell Updates will in this case not trigger any extra SRNS relocations since the MS will always be in the coverage area of the Serving BSC when it performs a periodical Cell Update.

When the MS is in URA/GRA_PCH State it is assumed that it uses the RRC layer corresponding to the system it currently is in. Meaning that the MS is using GERAN RRC in GERAN and UTRAN RRC in UTRAN. This has implications on the RRC messages used over Iur-g in UTRAN and GERAN forcing them to be similar.

3.3 Full inter-system Iur

This option is considered not feasible since the UTRAN and GSM lower layers are fundamentally different in many cases and major changes to GERAN would be needed.

4 Inter-system Iur-g issues that needs to be studied

4.1 RAN behavior

The UTRAN SRNC will behave differently for an MS that is located in GERAN in URA/GRA_PCH State than for an MS still located in UTRAN. The information elements need to be different or updated within UTRAN and the SRNC need to trigger SRNS relocation after receiving a Cell update. 

It is important to determine what kind of changes this lead to in the UTRAN standard.

4.2 MS behavior

Since the MS will not know if an inter-system Iur-g exist or not it will always perform a Cell Update when performing a cell reselection between UTRAN and GERAN in Connected mode. If no Iur-g is implemented the RAN will reply with RRC release with cause value “No Iur”. This will trigger the MS to perform the inter-system change. The Cell Update and RRC release will cause extra delay. If no inter-system Iur-g is standardized this particular problem can be avoided since the MS would then perform an inter-system change immediately since the MS would be aware of that the RRC connection will be released when switching RAT. 

This impact on the performance to systems not implementing Iur-g caused by standardization of an inter-system Iur-g needs to be studied.

4.3 Control Channels    

The control channels used for RRC signaling are different in GERAN and UTRAN. All the RRC messages that is used over the Iur control plane in UTRAN uses the CCCH (FACH/RACH). No corresponding FACH/RACH channels for transfer of RRC messages exist in GERAN. In GERAN the MAC layer will need allocated TBFs etc. and keep track of which state the MS is in. 

It is unclear if this will lead to any problems with context and error case handling in the inter-system Iur-g case but it might be necessary to make the Iur-g more adapted to the GERAN RLC/MAC/PHY (or LAPDm) properties.

It may also be necessary to provide integrity protection of RLC/MAC messages in GERAN. In order to provide integrity protection for RLC/MAC messages in the case when the MS is located in a BSC other than the serving BSC changes to the Iur-g are perceived. Exactly how significant the impacts are and what changes are needed to solve this issue is FFS.

4.4 Radio Bearers 

4.4.1 Signaling Radio Bearers

UTRAN supports all 4 signaling bearers over Iur for a mobile in CELL_FACH State in a RNC coverage area other than the Serving RNC. Over an inter-system Iur-g only RB 0 will be available. This will probably not be a problem as long as SRNS relocation always follows immediately after the RAN receives a Cell Update. However if SRNS relocation is not triggered this will cause problems for instance with ciphering of Cell Update Confirm since only RB 0 is available.

4.4.2 User plane Radio Bearers

In UTRAN the mobile will keep the User Plane Radio Bearers when going from Cell_FACH State to URA/CELL_PCH State. It is therefore not necessary that the mobile re-establish the RB when performing a Cell Update after coming back from URA/CELL_PCH state or after changing cell. If any reconfiguration of RB, transport or physical channel is necessary this is done in the Cell Update Confirm message. The context for these RB is also transferred at SRNS relocation so that the UP RB does not need to be re-established in that case. 

The way GERAN handles UP RB is still FFS but it is assumed that it will keep the RB when switching RRC state and performing SRNS relocation in the same way as UTRAN.

A potential problem exists how to handle User Plane Radio Bearers at inter-system SRNS relocation. The RB context including physical and transport channel is very system specific in UTRAN and extensive signaling might be necessary to re-establish the RBs when moving between the systems. This might limit the benefits of an Iur-g facilitating SRNS relocations between UTRAN and GERAN. The content of the RRC container needs to be different for inter-system SRNS relocations compared to intra-system SRNS relocations which leads to different RAN behavior for inter-system SRNS relocation.

Another issue is how the context of the RB is handled in the MS that is in URA/GRA_PCH State. The MS need to keep a User Plane RB context that might not be valid in the system it is currently in but will be used later if the MS performs a cell-reselection back to the original system. This could lead to problems with data arriving in the MS to a RB that needs to be re-established. Similar problems might exist in the RAN.

These possible User Plane Radio Bearer issues and in particular the impacts on UTRAN and GERAN of inter-system SRNS relocation needs to be studied further.

4.5 CN initiated paging

A issue exists when an MS is in PMM_Connected in URA/GRA_PCH State, is Idle on the CS side and receives a CS call. If the MS currently is in the other system over the inter-system Iur-g it will not be possible to receive the page without performing an SRNS relocation (assuming 2-phased page). Even if one phased page is defined the system needs to perform an SRNS relocation in order for the MS to be able to send a CN page response and other NAS signaling. 

The main problem with this is that after the SRNS relocation the MS might be in a different MSC coverage area or LA and the page response will be lost. This increases the risk of lost pages.

UMTS can only perform an SRNS relocation towards the CS CN once an Iu signaling connection is setup but the SRNS relocation is needed before that. Similar problem might exist in PS Idle and MM_Connected. 

4.6 Identities

A number of different identities need to have the same format and to be allocated together for both UTRAN and GERAN in order for an inter-system Iur-g to work. The following identities are just some examples: C_id, RNC_id, URA_id and RNTI.

Further studies are necessary to determine if there are any problems with using these global UTRAN/GERAN identities.

4.7 RRC messages

The following RRC messages will need to be supported over the inter-system Iur-g: Cell Update, URA Update, URA Update Confirm and RRC Connection Release. 

Some minor changes to these messages in UTRAN will probably be needed at least when communicating with an MS currently in GERAN. The format of these RRC messages in particular some fields (e.g. message type) should be compliant with the other RRC message used within GERAN and UTRAN. It is FFS what kind of impact this has with the introduction of GERAN unique RRC messages taken from already existing RR messages.

4.8 RNSAP messages

The following RNSAP message needs to be supported over Iur-g: Uplink Signaling Transfer Indication, Downlink Signaling Transfer Request, Relocation Commit, Paging Request and Error indication. 

Some minor changes to these messages in UTRAN will be needed. Different versions of some of these messages already exist for UTRA FDD and TDD.

A possible problem here is that GERAN will need to handle DRX in a similar way as UTRAN or at least map UTRAN DRX cycle length parameter in Paging Request message to some other parameter within GERAN. This is because the MS need to know which DRX cycle length it should use when it in URA/GRA_PCH state is going between the systems.

4.9 Information elements

The IE used in the existing RRC and RNSAP messages need to be update in many places since they deal with parameters not present in GERAN but mandatory in UTRAN. 

This will probably imply changes in UTRAN at least when communicating with an MS currently in GERAN.

5 Conclusion

The introduction of GERAN (Iu) will significantly improve the GSM inter-working with UTRAN in Idle mode but also in Connected mode. Possible benefits are reduced signaling, faster inter-system change, the possibility to stay attached to the same 3G CN in spotty UTRAN/GERAN coverage.

If an inter-system Iur-g is also introduced the signaling in Connected mode in spotty UTRAN/GERAN coverage areas will probably be reduced. Another possible benefit of introducing this interface could be to reduce the delay experienced by an MS that perform inter-system change in Connected mode. 

Since the radio properties of UTRAN and GERAN are fundamentally different in many cases there are a lot of issues that needs to be solved in order for this interface to work. This will require some changes to UTRAN. Due to the different radio properties and other differences between UTRAN and GERAN the identified benefits of the inter-system might also not be so significant. 

This paper list some of the issues that needs to be studied by both TSG RAN and TSG GERAN before an inter-system Iur-g can be introduced. In particular the issues around handling of User Plane Radio Bearers, Core Network paging and Control channels when the MS has a serving RNC/BSS in one system but is currently camping on the other system need to be solved. The impact on UTRAN on these solutions will also need to be determined. 
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