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Discussion
1 Introduction 
RAN#51 agreed the introduction of a Rel-11 study item to cover further enhancements for HNB & HeNB [1].  One of the items listed in the SI is to look at support of Cell_FACH/Cell_PCH & URA_PCH for HNBs. This paper discusses this area. 

2 Discussion

RAN3#73 discussed and prioritised a number of scenarios to consider for the Release-11 H(e)NB Mobility enhancements Study Item. The results of the discussion are captured in TR 37.803 [1]. One of the areas rated as a Priority 1 is mobility for UEs in Cell_FACH/Cell_PCH & URA_PCH.

Such mobility has some inherent issues that need to be discussed

1) For Inter-HNB Reselection how does the target HNB (THNB) determine the source HNB (SHNB) so as to be able to recover the context information for the reselected UE.

2) How should access control be performed? How can the HNBs even differentiate between inter & intra-CSG scenarios?

3) What is the preferred mechanism to complete the reselection?

Issues are described below from the perspective of the UE being in Cell_FACH, however similar issues & potential solutions also apply to a UE in Cell_PCH or URA_PCH.
2.1 Determining the SHNB 

When a UE reselects to an HNB whilst in Cell_FACH it sends an RRC CELL UPDATE message to the HNB including it’s allocated U-RNTI.  If the HNB (hereafter referred to as the THNB) already has a context associated with the UE, it can complete the Cell Update procedure as detailed in TS 25.331[2].  If however the THNB does not have an existing context for the UE,  the THNB can use the URNTI to determine the source HNB/RNC. The URNTI includes the RNC Id of the Serving RNC, so for macro->HNB reselection the THNB could, with the help of the HNB-GW, identify the Source RNC and hence can initiate a procedure towards that RNC to relocate the UE context to the THNB.

However for inter-HNB reselection the situation is not so simple since each HNB served by the same HNB-GW will use the same RNC id. Therefore the THNB & HNB-GW cannot simply use the RNC id to identify the SHNB and hence the THNB or the HNB-GW needs to use the full U-RNTI from the UE to identify the correct SHNB. This implies that U-RNTI allocation is important within the HNB network and that mechanisms are needed to ensure that in this scenario the SHNB can typically be determined for each UE that reselects to a THNB.
RAN3 has previously discussed the issue of URNTI management and several schemes were covered:
· Allowing each HNB to allocate from a full range of RNTIs as currently. This provides maximum flexibility and limits the impact on the existing implementations on the HNB.  It would require the HNB to indicate to the HNB-GW which RNTI has been allocated when the UE registered with the HNB-GW, so that the HNB-GW can subsequently be queried for the SHNB, but the impact on the HNB is low. However it also means that the URNTI allocated to each UE cannot be guaranteed to be unique across the HNBs managed by the HNB-GW
· Static partitioning of S-RNTIs across all HNBs connected to the same HNB-GW. This would then require the HNB-GW to allocate a range of S-RNTIs to each HNB when it registers with the HNB-GW. The HNB-GW would then subsequently “know” which HNB manages which URNTIs when it is queried by another HNB. However there are issues with this mechanism, namely if RNTIs are allocated equally to each HNB then this could limit the number of UEs that each HNB can serve. For example if an HNB-GW supports in the region of 50K HNBs, then partitioning the S-RNTI range equally between HNBs would mean that each could support 16 UEs, which may well be too small for a large number of deployments. Alternatively a dynamic scheme could be used to optimise the range of RNTIs allocated to each HNB depending on the HNB capability. However such a scheme would be complex.
· Assignment of U-RNTIs by the HNB-GW. When a UE first connects to a HNB, the HNB retrieves a unique U-RNTI from the HNB-GW for the UE. This therefore would provide a single, central place to allocate U-RNTIs, and hence in theory this could provide a guarantee that each U-RNTI allocated is unique across all HNBs registered with that HNB-GW.  However there are flaws in this assumption. Firstly it is very likely that any one HNB-GW will have to support HNBs that comply to different releases of the 3GPP specification, i.e. a “mixed release network”. Therefore HNBs that are registered with the HNB-GW, but are from a previous release will not support the procedure to allow the HNB-GW to allocate URNTIs on their behalf and will still allocate URNTIs autonomously. So U-RNTI uniqueness cannot be guaranteed. In addition the HNB-GW implementation would most likely need to include mechanisms to “audit” the allocation of U-RNTIs across it’s supported HNBs, so as to prevent U-RNTIs being lost (i.e. never being unallocated) during errors etc. 
A central allocation scheme such as this will also limit the total number of URNTIs that can be allocated to 2^20, which in turn places a limit on the number of UEs that can be supported by HNBs accessing that HNB-GW. Such a limit may be undesirable. In addition this scheme would likely increase the time taken for a UE to access the network, which could be an issue.

Each of the schemes above has drawbacks, and it would appear that guaranteeing URNTI uniqueness is not simple. Therefore alternative mechanisms could be envisaged for example:

1. Pre-knowledge of Cell_FACH/Cell_PCH/URA_PCH mobility. When a UE is about to reselect to another HNB it informs the SHNB before the reselection procedure. The SHNB can then inform the THNB that a UE is about to reselect to it. This has some advantages, since the THNB will “know” which SHNB the UE was accessing when it performs the reselection. In addition such a scheme could allow the THNB to prepare resources if required, so for example if the UE is in Cell_FACH and supports RABs, the impact on the data sent via those RABs during the reselection procedure could be minimised if the THNB was aware of the pending reselection. Such a scheme would have impacts on both RAN2 & RAN3 specifications.
2. Providing additional information from the UE. Whenever the UE reselects to a THNB it could provide the HNB with additional information, e.g. the Source Cell Id, as part of the Cell Update message. This is very similar to what has already been agreed in RAN2 for DCH mobility and hence would mainly impact RAN2 specifications. However this would not allow the THNB to “prepare” resources ahead of time, which could be important for service continuity.
Such schemes are being discussed by RAN2 and it is proposed that RAN3 also discuss and determine whether there is any preference between these mechanisms.
Proposal 1: RAN3 needs to discuss how best a THNB can identify a SHNB when a UE reselects to the THNB.

2.2 Performing Access Control

The use cases identified in TR37.803 [1] show that Intra-CSG & Inter-CSG have been ranked with equal priority and hence both scenarios need to be considered.

For CSG capable UEs it is expected that they will not attempt to access CSG HNBs for which there is no relevant CSG Id in the UE’s CSG White List. However, even with that assumption, the network still has to perform an access control check before it can confirm the Cell Reselection. 
For Hybrid cells the scenario is more complicated as a CSG UE can attempt to access a Hybrid Cell even if the Hybrid Cells’s CSG Id is not in it’s White list, since the UE can be granted non-member access rights.
For Cell_DCH mobility RAN3 have proposed in Rel-10 that the UE can only perform Intra-CSG mobility and that the SHNB will not trigger a handover procedure to a THNB with a different CSG from the SHNB. However for Cell_FACH mobility the network has less control over the UE’s mobility and does not “know” which HNB the UE is planning to reselect to, unless a “pre-knowledge” mechanism such as that described in section 2.1 is implemented. If such a mechanism was implemented the SHNB could release the UE’s RRC Connection if it indicated that it was planning to reselect to a THNB that has a different CSG to the SHNB, provided that the SHNB already had the relevant configuration information for that THNB. By releasing the RRC connection, it would force the UE to establish a new connection to the THNB, which would then allow the THNB to utilise existing procedures with the CN to perform Access Control.
Therefore the emphasis is on the THNB to perform/trigger the necessary Access Control procedures when the UE sends it a CELL_UPDATE message. 

For non-CSG capable UEs the HNB-GW provides access control. As described in Section 2.1 it is possible that the THNB will need to query the HNB-GW to determine the SHNB for the UE, so including an Access Control/Membership check in this procedure could be feasible.

However for CSG capable UEs, the CN is responsible for providing access control. This implies that the THNB needs to trigger a new procedure to the CN whenever a UE reselects to it. This would only be needed if the THNB determines that it supports a different CSG id to the SHNB. However there are some consequences of this:

1. The CN would be aware of every Inter-CSG reselection, even if such a reselection was Intra-HNB-GW and hence Intra-RNC from the CN’s point of view.

2. There is currently no procedure defined to allow the HNB to trigger the CN to perform AC in this scenario.

However TS 23.060 [3] states:
“When CSG is deployed in the network, the SGSN shall also collect the following charging information for MSs and/or individual PDP contexts that are subject to charging:

-
User CSG information: CSG ID and access mode of the cell which the MS is accessing, and CSG membership indication of whether the MS is a CSG member in this cell.”
Therefore for Inter-CSG HO, the charging information may be different between each CSG HNB and hence the CN would not be able to correctly perform charging unless it was aware of the change in CSG and the new CSG ID of the THNB etc. This suggests that the CN does indeed need to be informed whenever the UE performs an inter-CSG reselection, since either the charging for an existing RAB could be incorrect. Or if subsequently a PS RAB is established, the CN will not necessarily associate the correct CSG Id with the charging information for that RAB. 
Proposal 2: RAN3 needs to discuss how best to implement a procedure to inform the CN of a change in CSG for a UE performing Inter-CSG reselection. So as to allow the CN to perform Access Control and charging for the RAB.
2.3 Reselection procedure

The actual procedure used to complete a reselection procedure at the THNB need to be discussed. This procedure is very important especially since the cell radius for a HNB is typically small, hence it is likely that a UE will perform frequent reselection procedures to many HNBs as it e.g. moves around an office environment where many HNBs may be deployed. Therefore it would be beneficial to provide an efficient mechanism to complete the Inter-HNB reselection procedure as quickly as possible. In deployments when there are many HNBs in the same location and hence frequent reselections it is likely that a direct interface (Iuhr) is established between neighbouring HNBs, hence fully utilising that interface would be advantageous.
When a UE is in Cell_FACH and reselects a new (target) HNB it will initiate a Cell Update procedure. The THNB will need to retrieve information about the UE from the HNB that it was previously attached to (the Source HNB).  Therefore the THNB has to initiate a procedure to the SHNB. As discussed in Section 2.1 there are a number of ways to do this, but the options discussed in that section broadly fit into two categories:

· The THNB queries the HNB-GW to identify the SHNB
· The THNB is directly provided with information to identify the SHNB, either from the SHNB itself or the UE.

In both categories the THNB determines the SHNB before initiating a procedure to retrieve the RRC context for the reselected UE as illustrated in the following scenarios.
An obvious assumption may be that the THNB could use existing RNSAP procedures to retrieve the UE context and subsequently complete the reselection procedure. An example of this is shown below.
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1. UE sends Cell Update to a HNB with Cause = Cell Reselection. 

2. Target HNB determines address of SHNB (actual procedure is OOS).
3. Target HNB sends an RNA Connect message containing an RNSAP Uplink Signalling Transfer message which in turn contains the Cell Update to the Source HNB

4. Source HNB responds by triggering an Enhanced Relocation procedure, and so sends the THNB a RNA Direct Transfer message containing an RNSAP Enhanced Relocation Request message. 
Note: If the Reselection is Inter-CSG, the Target HNB will have to trigger an Access Control procedure towards the CN.
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 sends RNA Direct Transfer containing RNSAP Enhanced Relocation Response back to the source HNB to indicate that it has successfully prepared the relocation.
7. Source HNB sends RNA Direct Transfer containing RNSAP Relocation Commit, to commit the relocation preparation on the target HNB.
8. 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.
9. The HNB-GW sends the HNBAP UE DEREGISTER to the Source-HNB indicating Successful RNSAP Relocation with an appropriate cause value
10. Source HNB sends an RNA Disconnect containing RNSAP Enhanced Relocation Signalling Transfer message to the Target HNB.
11. Target HNB then confirms the Cell Update to the UE 
12. UE responds with a UTRAN Mobility Information Complete
However such a procedure is unnecessarily complicated and introduces delay which can be critical when considering frequent reselections from a UE moving between HNBs. Such inefficiencies are mostly introduced by the fact that the SHNB triggers an SRNS Relocation procedure to the THNB in response to receiving the Cell Update message over the Iuhr. In this scenario the SRNS relocation procedure is inefficient because:
1. The UE has already “relocated” to the THNB, so there is no need to “prepare” relocation resources in advance of the UE relocating 
2. Preparation and subsequently committing introduces delay, as it requires two procedures to relocate the UE context to the THNB.

3. The Relocation preparation procedure requires the THNB to generate an RRC message to send back to the SHNB as part of the Relocation Preparation Response. This message would normally be sent on to the UE. However since the UE has already reselected to the THNB, the SHNB cannot deliver the RRC message and hence must discard it, which is inefficient.
Therefore it would be beneficial to introduce a much more simplified version of this procedure, whereby the UE context can be retrieved efficiently by the THNB. The following sequence diagram outlines such a solution:
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1. UE sends Cell Update to a HNB with Cause = Cell Reselection. 

2. Target HNB determines address of SHNB (actual procedure is OOS).
3. Target HNB sends an RNA Connect message containing Context Transfer Request to the Source HNB.

Note: It is TBD whether the Context Transfer Request message is a RNSAP or RNA message.
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.

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
The solution proposed illustrates the benefits of utilising the direct interface between HNBs for mobility as it shows that a simple procedure can be used by the target HNB to retrieve the UE context information from the Source HNB and avoids the need to use e.g. a SRNS Relocation type procedure. The latter involving more messages and more complicated messages than is necessary using a new procedure.
The procedure could be further optimised if the THNB is already provided with the UE context before the UE reselects. This is the basis of the option described in 2.1 whereby the THNB has “pre-knowledge” of Cell_FACH/PCH/URA_PCH mobility. Such scenarios are shown in the following sequence diagram.
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1. UE sends RRC message to it’s serving HNB

.Note: The actual RRC message/procedure used is TBD by RAN2

2. The Serving HNB uses the information provided by the UE to determine the address of  the HNB that the UE is planning to reselect to.
3. Serving HNB sends an RNA Connectionless Transfer message to the THNB containing an indication that there is a pending reselection about to take place. This message contains the UE context.

Note: The Pending Reselection Indication message is TBD and could be either an RNSAP or RNA message.

At some point later the UE reselects to the THNB as follows.

1. UE sends Cell Update to a HNB with Cause = Cell Reselection. 

2. Target HNB determines that it already has a “pending” context for the UE
Note: If the Reselection is Inter-CSG, the Target HNB will have to trigger an Access Control procedure towards the CN.

3. 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.
4. 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.

5. The HNB-GW sends the HNBAP UE DEREGISTER to the Source-HNB indicating Successful RNSAP Relocation with an appropriate cause value
6. Target HNB then confirms the Cell Update to the UE 
7. UE responds with a UTRAN Mobility Information Complete
The solution outlined above, allows the THNB to complete the Reselection procedure very quickly as minimal messaging is used and hence avoids drawbacks of the THNB having to first retrieve the UE context from the SHNB before it can complete the procedure. If for some reason the UE does not trigger a Cell Update to the THNB after previously indicating that it was going to, the THNB can simply release the “pending” UE context after a period of time, which would be implementation specific.
Proposal 3: To discuss how best to implement an efficient procedure to relocate a UE context from the SHNB to the THNB, utilising the Iuhr interface.

3 Conclusion and proposals
This paper outlines a number of key issues that need to be taken into account when considering support of Cell FACH/Cell_PCH/URA_PCH UE on HNBs. It is proposed that such issues should be discussed, resolved and documented in 25.467. It is proposed to agree on the following:

Proposal 1: RAN3 needs to discuss how best a THNB can identify a SHNB when a UE reselects to the THNB.

Proposal 2: RAN3 needs to discuss how best to implement a procedure to inform the CN of a change in CSG for a UE performing Inter-CSG reselection. So as to allow the CN to perform Access Control and charging for the RAB.
Proposal 3: To discuss how best to implement an efficient procedure to relocate a UE context from the SHNB to the THNB, utilising the Iuhr interface.
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