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Supplementing GAN Registration Update with UARFCN 
1
Introduction

As discussed and agreed at GERAN#36 the GA-RC REGISTER REQUEST message is supplemented with UARFCN (UTRA Absolute Radio Frequency Channel Number) information of the current serving cell (if that cell is a UTRAN cell) to enhance CS and PS HO from UMTS to GAN Iu mode. If the GANC selects the GAN Iu mode of operation, the GA-RC REGISTER ACCEPT message will include the UARFCN and PSC (Primary Scrambling Code) configured for the GAN cell within the GAN Cell Description IE. The following extract shows how this is defined in step 7 in section 8.4.1.6.1 in the GAN Stage-2 (v8.0.0):
· Cell description of the GAN cell:

· If A/Gb mode GAN selected: The BCCH ARFCN, PLMN colour code, and base-station colour code corresponding to the GAN cell.

· If Iu mode GAN selected: The UTRA ARFCN (UARFCN) and Primary Scrambling Code (PSC) corresponding to the GAN cell.

The MS/UE will use the received GANC cell identifiers for example in measurement reporting towards the current serving UTRAN or GERAN cell. The principle in the UTRAN serving cell case is that the neighbor GAN cell (which appears as a 3G neighbor cell for GAN-Iu mode of operation) will be configured for measurements in the UE as either an intra-frequency neighboring 3G cell or as an inter-frequency neighboring 3G cell. To help ensure that the GAN cell is treated as an intra-frequency (i.e. to avoid compressed mode operation in the serving 3G cell) it is advantageous that the UARFCN of the serving 3G cell is passed to the GANC in the GA-RC REGISTER REQUEST message in light of the following deployment scenarios:
· Deployment Scenario 1: Multiple 3G cells on different frequencies (i.e. UARFCN) may view a given GAN cell as a neighbor where different PSCs may be associated with that GAN cell in the different NCLs applicable to these 3G cells. So the UARFCN of the serving 3G cell will be quite useful to the GANC in determining the correct PSC and UARFCN to send back in the GAN Registration Accept sent in response to receiving a GAN Registration Request to ensure that the GAN Cell is identified as an intra-frequency cell for the current serving UTRAN cell. 

· Deployment Scenario 2: For a given 3G cell there may be multiple GAN cells viewed as being neighbors where each of these GAN cell neighbors has a different PSC in the NCL applicable to the 3G cell. This means that single a PSC solution for GAN cells is not possible in all deployment scenarios. But since we can have this deployment scenario 2 combined with deployment scenario 1 it still makes sense to always include the UARFCN in the GAN Registration Request.
As stated above, the inclusion of the UARFCN in the GA-RC REGISTER REQUEST was already agreed in GERAN#36 and is defined as following in step 6 in section 8.4.1.6.1 in the GAN Stage-2 (v8.0.0):
6. 
The MS then sets up a TCP connection to a TCP port on the GANC. The TCP port can either be a well-known port or one that has been earlier received from the network during Discovery or Registration. The MS shall attempt to register on the GANC by transmitting the GA-RC REGISTER REQUEST. The message includes:
-
Cell Info: Either current camping GERAN/UTRAN cell ID, or last LAI where the MS successfully registered, along with an indicator stating which one it is. In addition, the MS includes the UARFCN of the current serving cell (if that cell is a UTRAN cell).
Also, section B.2 in GAN stage-2 (V8.0.0) defines the following:

2.
The GAN UARFCN should be the same as the macro network UARFCN value of the current serving UTRAN cell for the MS, to avoid the need to require the MS to do inter-frequency measurements for UTRAN-to-GAN handover purposes (e.g., requiring that the MS operate in compressed mode). The GANC may use the UARFCN of the current serving UTRAN cell, received from the MS in the GA-RC REGISTER REQUEST message, when deciding which UARFCN to return to the MS in the GA-RC REGISTER ACCEPT message.
2
GAN Registration Update
In addition and for similar reasons as described in section 1 above, it is necessary to include the UARFCN of the current serving UTRAN cell also in the GAN Registration Update Uplink procedure. The reasons for this are further described in the following examples:

Common steps for examples 1 & 2 below: 
· The UTRAN macro network consists of a dual frequency deployment in the vicinity of the GAN AP in this example. The two frequencies used in the macro network are called UARFCN-123 and UARFCN-345. 

· The MS is in active state in a serving UTRAN cell on UARFCN-123 and detects a GAN AP and performs GAN Registration towards a GANC. The MS includes the UARFCN-123 (of the serving UTRAN cell) in the GA-RC REGISTER REQUEST message and the GANC decides to the select GAN-Iu mode of operation for this GAN registration. 
· The GANC returns the selected GANC cell identifiers (UARFCN and PSC are important for this example) to the MS in the GA-RC REGISTER ACCEPT message. The GANC likely used the received UARFCN of the serving UTRAN cell when selecting the UARFCN and PSC to return to the MS in the GA-RC REGISTER ACCEPT.

· In an optimal scenario the UARFCN returned to the MS is also UARFCN-123 so it can be viewed as an intra-frequency neighbor in the current serving UTRAN cell. Note that in this example we also assume that the GANC cell is included in the NCL of the current serving UTRAN cell.
· After the successful GAN Registration the MS remains in GERAN/UTRAN mode in the current serving 3G cell until the network commands the MS for example to perform Handover into GAN-Iu mode as the MS is in active state.  Note that the MS is not necessarily in GERAN/UTRAN-preferred mode above. The MS stays in the current cell as it is in active mode and has to wait for the network to send it a Handover command.

Example 1: 
· In this example, the GAN preference mode is GERAN/UTRAN preferred and the MS does not report the GANC cell in the serving UTRAN cell unless a configured Event 3A is triggered (e.g. until the signal quality in the serving UTRAN cell is getting bad).
· The MS experiences Inter-frequency handover from the current 3G cell (on UARFCN-123) to a neighbor 3G cell on a different frequency (e.g. on UARFCN-345). In this case a new NCL is established by the MS and the NCL entry corresponding to the neighbor GAN cell should once again preferably be viewed as an intra-frequency neighbor. 
· For this reason, the MS performs the GAN Register Update Uplink procedure and informs the GANC about the new UTRAN cell (UARFCN and PSC and other cell identifiers). The GANC then gets the opportunity to update the current GANC cell identifiers and return the GA-RC REGISTER UPDATE DOWNLINK message to the MS along with these GANC cell identifiers (e.g. UARFCN and PSC). 
· In an optimal scenario, the UARFCN returned by the GANC in the GA-RC REGISTER UPDATE DOWNLINK message is UARFCN-345 (i.e. the frequency of the new 3G cell). The MS is then able to use the UARFCN and PSC returned in the GA-RC REGISTER UPDATE DOWNLINK message to identify the specific entry in the new NCL that corresponds to the GAN cell and to view it as an intra-frequency neighbour.

Example 2: 
· In this example, the GAN preference mode is GAN preferred which is similar to example 1 but in this case the time window when the inter-frequency handover may take place can be shorter. It could happen right after the MS has initiated GAN Registration towards the GANC and before the MS reports the Event 3A in the serving UTRAN cell (so that the Handover into GAN Iu mode is triggered by the RNC).
· For this reason, immediately after handover to the new 3G cell the MS performs the GAN Register Update Uplink procedure and informs the GANC about the new UTRAN cell (UARFCN and PSC and other cell identifiers). Upon completion of the GAN Register Update Uplink procedure the MS reports Event 3A in the serving UTRAN cell so that the Handover into GAN Iu mode is triggered by the RNC.

Note that for both examples the GANC may use the UARFCN of the current serving UTRAN cell, received from the MS in the GA-RC REGISTER UPDATE UPLINK message, when deciding if there is a need to send a GA-RC REGISTER UPDATE DOWNLINK message with new GANC cell identifiers (i.e. UARFCN and PSC) to the MS to further ensure that the GAN cell can still be viewed as an intra-frequency neighbor.
3
Conclusion
So for the reasons as described in section 2 above there is a need to allow a GA-RC REGISTRATION UPDATE UPLINK message to include UARFCN (and PSC as well as other UTRAN cell identifiers normally included in the GA-RC REGISTER REQUEST message) information.  Proposed Changes to the Registration Update Procedure are as follows:
8.4.3
Registration Update

The GA-RC Registration Update procedure allows the MS to update information in the GANC regarding changes to the identity of the overlapping GERAN/UTRAN cell or changes to the UARFCN of the serving UTRAN cell while still in GERAN/UTRAN mode or changes to the generic IP access network point of attachment, by sending a GA-RC REGISTER UPDATE UPLINK message to the GANC carrying the updated information. This may result in the MS being redirected to another serving GANC, or being denied service e.g. due to operator policy.

The GAN Registration Update procedure also allows the GANC to update the GAN system information in the MS, if needed, by sending a GA-RC REGISTER UPDATE DOWNLINK message to the MS carrying the updated information.
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Figure 14: Registration Update Uplink

1.
When the MS detects the availability of GERAN/UTRAN coverage after reporting no coverage during GAN registration or a change in the UARFCN of the serving UTRAN cell while still in GERAN/UTRAN mode, it shall send the GA-RC REGISTER UPDATE UPLINK to the GANC with the updated information. Whenever the generic IP access network point of attachment changes, the MS shall send a GA-RC REGISTER UPDATE UPLINK to the GANC with the updated generic IP access network point of attachment information. If the MS requires to update the GANC with a new list of GAN Services required, then the MS sends GA-RC REGISTER UPDATE UPLINK message to the GANC including the new GAN Services Required list.
2.
The GANC may optionally send the GA-RC REGISTER REDIRECT when it wants to redirect the MS based on updated information.

3.
The GANC may also optionally deregister the MS on receiving an update by sending GA-RC DEREGISTER to the MS.
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Figure 15: Registration Update Downlink

1.
The GANC sends GA-RC REGISTER UPDATE DOWNLINK with the updated system information.
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