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Area concepts for GERAN R5

This document highlights the agreed working assumption from the joint SA2/RAN3/GERAN meeting regarding Area Concepts for GERAN R5.
1. Introduction

With the introduction of GERAN R5, GERAN cells will have the possibility to support both A/Gb and Iu mode of operation towards the 2G and 3G CN respectively (figure 1). During the deployment of GERAN R5 not all cells will support Iu mode of operation and the standard will provide means for the system to operate in a mixed scenario. The existence of multi-mode support in a single cell is a unique situation for GERAN R5 and onwards and it will require modification to the existing area concepts. New area identities will also be introduced in order to completely align GERAN Iu towards the Iu interface. No changes to GERAN A/Gb mode are necessary. 

This paper tries to summarize the Area concept that will be used in GERAN R5 capable cells that support both modes of operation. 
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2. Location/Routing areas

According to the architecture requirements [1] the standard shall support means by which an operator can allocate the same LA/RA identities both to UMTS and GSM. This will make it possible for a GERAN R5 cell to belong to the same LA/RA for both modes of operation (figure 2). In this case it is not needed to specifically broadcast separate 2G/3G LA/RA identities in the cell since the same LAI and RAC will be used in both modes of operation. GERAN R5 shall support this case.


However it is also proposed that it shall be possible to deploy GERAN R5 without any restriction on combined UMTS and GSM/GPRS CN nodes (figure 3). Deploying separate 2G and 3G CN will reduce some of the limitations and cost of the combined 2G/3G CN but will also lead to extra signaling in spotty GERAN Iu coverage. In order to support this scenario GERAN R5 capable cells need to support the possibility to broadcast double LA/RA. The existing LA/RA will be used for legacy mobiles and mobiles operating in A/Gb mode while the 3G LA/RA will be used for mobiles operating in Iu mode. The reason for this is that the LA and RA can not in this case overlap the both CNs.


3. RAN internal area identities

GERAN R5 will for Iu mode operation adopt the same split of MM and RR functions between the CN and the RAN as UMTS. It is also proposed that GERAN R5 will adopt similar internal area identities that are used in UTRAN.

Registration Areas 

One of the new RAN internal areas that will be introduced in GERAN R5 is the GERAN Registration Area (GRA). The GRA are similar to the UTRAN Registration Areas (URA) and will be used for an MS that operate in Iu mode and are in GRA_PCH RRC State. The GRA will be made up of one or more cells and multiple GRAs may overlap each other. GRAs can be allocated freely within the RAN and are allowed to overlap both the RAN internal areas such as the RNC area and also any NAS areas such as the LA/RA (figure 4). This means that a GERAN Iu capable cell need support the possibility to broadcast multiple GRA identities in the cell. 
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Cell identities 

UTRAN and GSM use different cell identities. GSM uses a global cell identity CGI that is known in the CN while UTRAN uses a cell identity UC-id that is UTRAN internal. For routing purposes in the CN with 3G and 2G nodes the CGI is used to address 2G nodes and the RNC-id is used to address 3G nodes.  When Iu mode of operation is set up in a new cell the handover signaling shall include the RNC-id of the target while for A/Gb mode of operation the CGI of the target is used. Since GERAN R5 need to support both the A/Gb and Iu mode of operation towards the 2G and 3G CN it is proposed that multi-mode capable cells should adopt both of these cell identities.

The RNC-id together with the internal C-id will be used to address the cell when the MS is operating in Iu mode or when the MS is making a handover to GERAN Iu or to a UTRAN cell. 

The CGI will be used as today for legacy terminals and when the mobile is operating in A/Gb mode or making handover to A/Gb mode. 

It is FFS if is necessary to have two RAN internal cell identities (CI, CI-id) or if only one is sufficient
GERAN A/Gb Cell Identifiers

The Cell Global Identity uniquely identifies the cell in the entire GSM domain:

CGI = MCC + MNC + LAC + CI

The Cell Identity uniquely identifies the cell within the Location Area and is 16-bits long.

UTRAN and GERAN Iu Cell Identifiers

In UTRAN, cells are not identified globally but only within UTRAN. The following defines the UTRAN Cell Identity:

UC-Id = RNC-Id + C-Id

The RNC_Id identifies the RNC within the UTRAN domain. The C-Id identifies the cell within the RNC (RNS) and is broadcast over the radio interface. The C-Id is 16-bits long.

The GERAN BSS need also to adopt the same RNC_Id identity as UTRAN since it is used and coordinated over the Iu interface. The RNC_Id and therefore the UC_id will be allocated from the same number space both in GERAN and in UTRAN.

Today in GERAN R4 the CGI (LAI + CI) is broadcasted in the cell and in the same way the C-id is broadcasted in UTRAN. For the moment no reasons to broadcast both these cell identities in a GERAN A/Gb and Iu capable cell is perceived. The RAN can map the physical cell identity sent over the air to the CI and C-id respectively depending on what mode of operation the MS is in. It is also believed that the BSIC concept can be reused in GERAN Iu mode and that no additional BSIC needs to be broadcasted in the cell.

4. Service Areas

Since cell identities are not used within the 3G CN it is proposed that the concept of service areas shall be adopted by GERAN Iu for Iu alignment towards the 3G CN. The service area is composed of one or many cells and is used for inter-system handover, location services, charging etc. The Service Area Identity is composed the following way:

SAI = MCC + MNC + LAC + SAC

5. Summary and Conclusion

The new area concepts will allow the connection of one physical GERAN R5 cell to both the 2G and 3G CN. This implies the following implications:

1. GERAN cells will be addressed with two cell identities UC_id (RAN_id+C_id)and CGI (LAI+CI). It is FFS if the CI and C-id can be the same. It is FFS if is necessary to have two RAN internal cell identities (CI, CI-id) or if only one is sufficient.
2. BSSs in GERAN must have RNC-Id associated with them.

3. The LAI + CI will be broadcasted in GERAN cells as today. For at the moment no reason to broadcast the UC_id in the GERAN R5 cells is perceived. Multi capable cells will only appear once on the neighboring cell list as they GSM cells do today [2].

4. The UC-Id will be composed of the RNC-Id + C_Id. The UC_id used in GERAN and UTRAN need to be allocated from the same number series.

5. GERAN R5 cells need to support the possibility of having  2 LAI, 2 RAC, multiple GRAs as well as 2 NMO associated with it. However the exact impact on broadcast channel are FFS.

6. The Service Area Identity will be adopted by GERAN R5 when operating in Iu mode.

7. The same BSIC will be used regardless if the MS operates in Iu or A/Gb mode.

Open issues raised at the meeting that are currently not solved with the Area concept:

· TMSI and P-TSMI allocation between different CN.

In the case with separate CN it will be possible for a MS in A/Gb mode and another MS in Iu mode to be allocated the same TMSI or P-TMSI. This could lead to problem in the case were Iu and A/Gb mode MS are sharing the same Paging channel. This issue is FFS.

· Impacts on GERAN broadcast channels.

It is FFS how the new GERAN Iu related identities that will be introduced on the broadcast channels and what impacts they will have.

It is also FFS what kind of impacts the introduction of double LA/RA have on the MS controlled cell re-selection and if it will put additional requirements on the MS.

· Contention resolution

With the introduction of both A/Gb and Iu mode of operation in the same cell there is a possibility that the temporary identifier RNTI and TLLI may take the same value, which would lead to problems at contention resolution. This issues is addressed by other papers.
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Figure 1: GERAN Supplanted Network
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Figure 3: Combined 2G/3G Cell with Separate CN
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Figure 2: Combined 2G/3G Cell with Integrated CN
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Figure 4: Area concept used in a GERAN Iu
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The GRAs does not need to have a one to one relation to the BSS or any CN nodes like the LA/RA.
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