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1 Introduction
At the end of the Study on H(e)NB mobility, for CELL_FACH two solutions were selected for further work. Solution 1e which was a S-RNTI management by HNB-GW solution, and 2b which involved additional information from the UE to determine the source cell and acquire the UE context.
2 Discussion
2.1 Basic Problem

All the solutions discussed here deal with the problem of identifying the source RNC (HNB) and hence the location of the UE context from the information provided in the CELL UPDATE message.

The CELL UPDATE message contains the U-RNTI which has two parts:


For the macro environment this is no problem as the SRNC ID identifies the source RNC and the S-RNTI is unique in that RNC so the UE context can easily be retrieved.

For HNB architecture, the SRNC-ID is the RNC ID of the HNB-GW(which looks like an RNC to other macro RNCs), and is therefore not unique for HNBs, and the S-RNTI is assigned autonomously by the HNB but without regard for being unique to S-RNTIs assigned by other HNBs under the same gateway. So on receipt of a cell update message for CELL_FACH relocation from another HNB on the same HNB_GW, it is not possible to identify unambiguously where it came from, as the SRNC-ID will be the same as the HNB-GW, and the S-RNTI could be the same as any assigned by any other HNB.

To solve this problem two approaches have been developed.

Coding of the S-RNTI. Here the HNB does not autonomously assign the S-RNTI but it is controlled by the HNB-GW. In solution 1e, the top most bits of the S-RNTI are used as an extension of the SRNC-ID to uniquely identify HNB, and the lower bits are used as UE identifier. To deal with large deployments, the UE identifier part is ensured unique only in the local area, so the numbers can be re-used elsewhere. This is similar to the technique used for extended RNC-ID for HSPA+ operations [2]
Additional information. This approach is to provide the source cell id in the CELL UPDATE message so that the HNB can determine where to get the UE context from without any ambiguity.

2.2 Coding of the S-RNTI solution
This is a summary from the TR [1]
The first n bits of the S-RNTI can carry a unique Identifier to identify the HNB within a specific area (in terms of macro-cell). We will call such first n bits S-RNTI-prefix and it will occupy a flexible space in the 20 bit long S-RNTI, up to, e.g.   9 bits. This would imply that we assume a maximum number of HNBs under the HNB-GW of 512 (i.e., 2^9) and at maximum number of S-RNTIs needed per every HNB equal to 2048 (i.e. 2^11).

These S-RNTI prefixes are assigned by the HNB-GW in a unique way to every HNB under its control. In order to maximize the reuse of U-RNTI, the solution can take into account information such like the macro-cell identifier in HNB-Registration message.

The HNB-GW shall assign the S-RNTI Prefix for this HNB considering the uniqueness of the Prefix within the best-macro-cell area and optionally the HNB capacity.
HNB Registration
The HNB-GW should take care of assigning the unique S-RNTI-prefix within the macro-cell area and may consider the HNB capacity.
Figure 1 depicts the message flow for the S-RNTI prefixes assignment by the HNB-GW during HNB Registration. Notice that Figure reports also the steps necessary for additional mapping allowing S-RNTI prefixes reuse.
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Figure 1: S-RNTI prefixes assignment at HNB registration

Cell update HNB to HNB

In case of femto to femto mobility, the HNBAP HNB Configuration Transfer will also provide the S-RNTI prefix along with other IP-Address details of the neighbour HNB.
The target HNB obtains the S-RNTI prefix from the first n bits of the S-RNTI parto of  U-RNTI included in the Cell Update message. At this point, the target HNB can retrieve the context by routing the message towards the proper source HNB(see Steps 3 and 4 of Figure 6.1.1.2.2.11).
Figure 2 below reports the message flow in case of CELL_FACH mobility across HNBs.
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Figure 2: Cell Update towards other HNB
Notice that, in case there is no Iurh interface instance previously established between the target HNB and the source HNB, the target HNB can ask to establish it via the HNB-GW. Such case is described in Figure 3.
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Figure 3: Cell Update towards other HNB with whom no Iurh interface instance was previously established
Cell update HNB to Macro

Finally, in case of femto to macro mobility, if the Cell Update message contains S-RNTI corresponding to the HNB-GW, then the Iurh message which forwards the Cell Update from the RNC to the HNB-GW should also include the macro-cell-id from which the cell-update is received. The HNB-GW will then use the S-RNTI-prefix (first n bits of the S-RNTI part of the U-RNTI included in the Cell Update message from the RNC) and the macro-cell-id to find the proper source HNB to route the message to. At this point the source HNB and the (target) RNC can exchange the UE Context by means of the SRNS Relocation procedure.

The procedure then ends with the RNC sending a Cell Update Confirm to the UE.

The message flow of the femto to macro CELL_FACH mobility scenario is reported in Figure 4.
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Figure 4: Cell Update towards macro NB
2.2 Source Cell Indication

This is a summary from the TR [1]

This solution would require the UE to indicate in CELL UPDATE message the source cell-id. From this the target HNB would be able to determine the source HNB to acquire the UE context.

Such scenarios are shown in the following sequence diagram.
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Figure 5: Intra HNB GW in CELL FACH state Source Cell Indication version using context transfer procedure 
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Figure 6: Intra HNB GW in CELL FACH state Source Cell Indication version using enhanced relocation procedure

1.
UE sends Cell Update to a HNB with Cause = Cell Reselection.
2.
Target HNB determines address of SHNB from Cell-ID information provided in the Cell Update.
3.
Target HNB sends an RNA Connect message containing Context Transfer Request to the Source HNB.

Note: Either a new RNA procedure or existing Signalling Transfer Indication can be used.
4.
Source HNB responds by sending a RNA Direct Transfer message containing a Context Transfer Response message.
Note: If the Reselection is Inter-CSG, the Target HNB will have to trigger an Access Control procedure towards the CN.
Note 2: Alternatively RNSAP enhanced relocation procedure can be used to transfer the UE context to the target. In this case the source does not need to send a Relocation Commit.
5.
The target HNB updates the transport network layer information for any RABs that are to be relocated to it by sending a HNBAP TNL Update Request message to the HNB-GW, the HNB-GW responds with a HNBAP TNL Update Response.
6.
Target HNB indicates to the HNB-GW that the UE has successfully relocated via the HNBAP UE Relocation Complete. The HNB-GW also switches the Uplane to the Target HNB.

7.
The HNB-GW sends the HNBAP UE DEREGISTER to the Source-HNB indicating Successful RNSAP Relocation with an appropriate cause value.

8.
Source HNB sends an RNA Disconnect containing RNSAP Enhanced Relocation Signalling Transfer message to the Target HNB.
9.
Target HNB then confirms the Cell Update to the UE.

10.
UE responds with a UTRAN Mobility Information Complete.
2.4
Summary

In considering these solutions is worth noting that both solutions will need UE changes to provide CELL_FACH autonomous search. So complete support for CELL_FACH cannot be provided with any of the above solutions before UE changes are implemented (as part of the WI). 
Coding S-RNTI Solution

Pros

No further changes needed to UEs other than those to introduce autonomous search.
Cons

Complex management in the HNB-GW to ensure no duplication of S-RNTI.

Scaling issues depending on size of deployment within one HNB-GW.
Source Cell ID

Pros

No limitations on numbers of HNBs/S-RNTI usage.

No extra management load on HNB-GW.

Cons 

Further changes needed in UE to provide extra information, which may exacerbate the cell update message size issue
3
Conclusion

Continue to consider both solutions. The selection of one or both of these solutions may depend on the solution proposed in RAN2 for CELL_FACH autonomous search and on the use of cell update message to provide source cell id. 
4
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