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1. Introduction

The specifications for 3G HNB ([1], [2]) do not mandate that a HNB tracks the change in temporary NAS identities of a UE whilst it remains attached to the HNB. This leads to the situation where a UE on a HNB may be queried for its permanent NAS identity whenever it makes an RRC Connection Request in order to determine which Iuh Context-Id it is associated with, with the possible exception of emergency call handling. This produces different interoperability behaviour between HNB and HNB-GW depending on implementation but does not cause any protocol problems except for the case when a UE is powering down and so cannot respond to an identity query. In turn, this does not cause a long term problem, in that the UE will eventually fail to carry out a periodic Location Update and then be detached from the CN, but may lead to the CN attempting to contact a UE that is not in fact accessible.
It has become clear from testing (e.g. Small Cell Forum Plugfests) that more than one vendor has chosen to implement this mechanism in their Iuh solution.

This contribution discusses a range of mechanisms to address the issue and proposes a potential solution to enable cleaner implementations.
2. Discussion

2.1. Guiding Principles
The problem identified applies only to the case where a UE is in Idle Mode is attempting an RRC Connection for the purposes of shutting down. As such, the guiding principles in looking for any modifications should be to minimise the impact on existing protocols and/or processing requirements whilst allowing the transport of an NAS identity allowing the UE to be detached from the Core Network.
2.2. Options
2.2.1.  Do Nothing

This leaves the situation as described in the introduction, in that the operator’s CN may try contacting a UE that is in fact no longer accessible. Operators are likely to find this undesirable.
2.2.2. Mandate Temporary NAS Identity tracking within all HNBs
Description

In this approach a Stage 2 CR would be implemented to TS 25.467 [1], mandating that HNBs track temporary NAS identities of UEs.
Comment

This solution is workable and may require increased processing power to carry out the additional message monitoring and may also require increased memory usage in a HNB as the lookup table from NAS identity to Iuh Context-Id may need enlarging to include the range of temporary NAS identities.

This has the additional disadvantage that it may not be backwards compatible with some current deployments.
2.2.3. Change HNBAP UE De-Register
Description

The HNBAP UE De-Register message currently utilises only the Iuh Connection-Id to identify the UE association that is to be terminated. Consequently, any modification to address the issue will require additional information to be added . An approach would be to allow the optional inclusion of a UE Identity in the Deregister Message. This could be a re-use of the UE Identity IE in the HNBAP specification ([2], Section 9.2.17.) If present, the HNB-GW would use the supplied UE Identity in its Connection Request towards the CN for the purposes of detaching. The presence of the Iuh Connection-Id could be made optional, conditional on the presence of either Connection-Id or a UE Identity.
Comment
This would work, but introduces new IEs and handling logic for the HNB-GW.
2.2.4. Change HNBAP UE Register to allow de-registration cause

Description

The HNBAP UE Register Request message does include a UE Identity and is sent before any Connection-ID is available, so it could be re-used with an additional Cause Code setting to indicate de-registration. In this case, the HNB would not need to give regards to a response to the request.
The Registration Cause IE will need to be updated to have a ‘De-register on detach’ option. 
Comment

This approach has the advantage of not requiring any new IEs to be added the message and the consequent small change to the ASN.1. It also has the advantage that it would mirror the current behaviour in Core Networks where an SCCP Connection Request for the purposes of IMSI Detach message may be refused by the CN because there is no information-carrying reply needed.

The disadvantage of the approach is that it creates two messages (UE De-Register and UE Register) that have the end result of de-registering a UE.

The current purpose of the Registration Cause is modified slightly, but as a HNB-GW will be examining this cause immediately upon receipt to determine whether the membership check / access control needs to be carried out, this is an appropriate place to modify because if the HNB-GW sees a ‘Deregister on shutdown’ cause, it will know that neither membership check nor response is required. 
3. Conclusion and Proposal
The above analysis has looked at three modifications that could be implemented to improve performance. It is suggested that the order of preference should be
1. Change HNBAP UE Register message (Section 2.2.4);

2. Mandate Temporary NAS Identity Tracking (Section 2.2.2);
3. Change UE De-Register Message (Section 2.2.3)
Proposal 1: RAN3 should decide on whether to move forward on making a change and select one of the options above if so. Option 1 is recommended.
Proposal 2: RAN3 should decide on any 3GPP Releases that any changes should be implemented. Rel-10 or Rel-11 is suggested since Rel-9 network deployments have been announced.
ip.access is happy to prepare the necessary CRs for any agreed changes. Candidate CRs for Option 1 have been prepared in [3] and [4].
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