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1 Introduction

In the current system, Iurh links between HNBs are possible only across neighboring HNBs. In case of enterprise type of deployments it may be required to maintain the RRC connection across all HNBs of the enterprise not limiting only to the immediate neighbors. In order to support the CELL_FACH, CELL_PCH and URA_PCH mobility across HNBs which does not have Iurh setup as part of configuration transfer based on Neighbor Cell List (NCL) additional changes are required in Iurh interface.

In this discussion paper we discuss multiple possible options providing CELL_FACH, CELL_PHC and URA_PCH mobility across HNBs which are part of mobility group for non-DCH mobility but are not immediate neighbors.
2 Problem description

The following describes the high level steps involved in Iurh link establishment for a given HNB.

1. As part of HNB Registration, the HNB sends its TNL-IP Address to HNB-GW.

2. After successful registration, the HNB triggers the configuration transfer request, where the HNB reports its neighbor HNB RNL-Identities to HNB-GW.
3. HNB-GW responds with TNL-IP address for all reported neighbor RNL-IDs.

4. HNB establishes Iurh with all the HNBs for which TNL-IP address info is received from HNB-GW.

With the above steps, the HNB will have preconfigured Iurh links along with HNB Registration itself with immediate neighbors. Whenever UE mobility events are triggered, the RNSAP messages are routed via the Iurh links (setup as per the above procedure).
When CELL_FACH, URA_PCH mobility is supported, it would be required across all HNBs of the enterprise which are not necessarily immediate neighbors. 
The following are the scenarios where CELL_FACH/URA_PCH mobility (thus Iurh connectivity) is expected across non-immediate neighbors:

1. UE moves across HNBs without context transfer while in CELL_FACH state. For this case when UE moves away from source HNB to an HNB which is not immediate neighbor the Iurh interface will not be available.

2. When UE moves to non-immediate neighbor HNB in URA_PCH state and attempt to send uplink data.

For CELL_FACH mobility to work for the above scenarios, it is required to setup Iurh between all the HNBs of the mobility group (i.e., all HNBs of enterprise) as part of configuration transfer itself. Otherwise the Iurh link should be dynamically established followed by routing of cell-update /context transfer.

3 Possible Solutions

Option 1: Changes to Configuration Transfer procedure for Iurh setup based on URA-ID
In this option, when the HNB successfully completes the HNB Registration with HNB-GW, it will send a configuration transfer request indicating the URA-ID of HNBs to which Iurh connectivity is needed. HNB-GW will respond with TNL-IP address and RNL-ID of all the HNBs belonging to the requested URA (See Figure 1 below). With this all the HNBs have the Iurh links pre-setup with all HNBs to which the CELL_FACH/CELL_PCH/URA_PCH mobility is possible.
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Figure 1: Option 1 message flow
Whenever a new HNB is added with same URA of existing HNBs, this HNB will acquire the TNL-IP of all other HNBs of the URA and will setup Iurh interface instances with the existing HNBs. With this procedure the existing HNBs will also be dynamically updated with the additional Iurh links towards new HNBs included in the system.

In case mobility is needed across a specific group of HNBs identified by different group-Id despite the URA configuration, this identifier needs to be included in HNB Registration Request message. With this the HNB can setup Iurh with HNBs belonging to specific group-Id. 
Option 2: Dynamic setup of Iurh on reception of cell update
With this option, during CELL_FACH, CELL_PCH, URA_PCH mobility, the target HNB does not have the Iurh link with the source HNB corresponds to the received S-RNTI prefix (solution 1e of [1]) or cell-identity (solution 2b of [1]) received from cell update message. The expected message sequence is as mentioned in Figure 2. Here the context transfer between HNBs can be done in two ways:

Option 2A: The context transfer can be done from HNB2 on reception of uplink signaling transfer message, or,
Option 2B: A new RNA message sequence where target HNB can request for the UE context and retrieve.
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Figure 2: Option 2 message flow
It is possible to optimize the above option to reduce the steps required prior relocation by using Iurh proxy to route the uplink message and including the RNA message containing Enhanced Relocation messages in the Iurh-setup message itself.  
3 Analysis 

The above mentioned Option 1 provides permanent Iurh between all HNBs among which CELL FACH mobility is possible. So there is no need to dynamically setup at the time of cell update message handling. The additional steps involved in dynamic Iurh setup will delay the cell update completion. In case of URA_PCH state, when UE wants to send uplink data from HNB which is not its source HNB, the dynamic Iurh setup will introduce additional delays before starting the data-transfer. It is applicable for downlink data-transfer also.
In case Option 2, due to the additional overheads in maintaining permanent Iurh links, it is important to consider whether the number of such links needs to be limited or not. It is recommended to optimize the Iurh-setup and context transfer procedures so that the additional delay is reduced for this case.
4 Proposal 

It is proposed to enhance the Iurh configuration transfer procedure to exchange TNL-IP info based on URA-ID or any other ID which represents the HNB group. This will enable seamless mobility within the HNB groups. The message sequence corresponding to this proposal is mentioned in Section 3, Option 1 (Figure 1).
If the number of HNBs corresponding to the same group is very large and permanent Iurh setup need to be limited to only the group of HNBs which have frequent mobility, the dynamic Iurh setup also should be supported as mentioned in Option 2. In this case it is recommended to optimize the dynamic Iurh setup and context transfer sequence.
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