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1
Introduction

In R3-102305 a solution for handling of U-RNTI is presented.  This paper presents an analysis of this solution and proposes a way forward. 
2 Analysis of the solution proposed in R3-102305
The solution proposed in R3-102305 is shown in the figure below:
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Figure 1: U-RNTI management as proposed in R3-102305
The solution represented in Figure 1 has a number of drawbacks, which are listed below.
1) Use of RUA DISCONNECT for U-RNTI reassignment:
The HNB GW generated RUA DISCONNECT procedure is described in 25.468 as follows “This procedure is used to close the connection of a given Iu Signalling Connection over the Iuh interface.  This is initiated by the HNB-GW to handle release in connections caused by error conditions.”
Therefore, if at the time of reception of RUA DISCONNECT the UE has only one signalling connection ongoing (which is the case in the proposed solution), the RUA DISCONNECT procedure implies UE disconnection at RUA level and UE release at RRC level (there would be no reason to keep a UE connected at RRC level after the UE is disconnected from the only remaining domain).
Hence, the proposed solution implies a change in the way the RUA DISCONNECT procedure is used, namely this procedure shall not be used to release the UE at RRC level in case of re-assignment of U-RNTI.  
It is worth noting that if such differentiated use of the RUA DISCONNECT procedure is not adopted the UE will have to be release at RRC level and it will have to perform again RRC Connection Setup procedures, with consequent increase in signalling over the air interface. 

2) Repeated RUA registration in case of U-RNTI re-assignment:
As a consequence of the UE disconnection from the HNB GW at RUA level after re-assignment of the U-RNTI, the UE needs to be registered again by the HNB.  This results in a new unnecessary RUA CONNECT procedure to be run.  It is worth noting that the new RUA CONNECT procedure shall not contain a U-RNTI, therefore the IEs included in the RUA CONNECT message will have to vary depending on when the RUA CONNECT message is sent.
3) Use of UTRAN MOBILITY INFORMATION procedure:
the RRC protocol already provides a number of mechanisms to re-assign a new U-RNTI to a UE.  Such mechanisms are RRC Radio Bearer setup or RRC Radio Bearer Reconfiguration or RRC Transport Channel Reconfiguration or RRC Physical Channel Reconfiguration. 
It is worth noting that in the majority of cases at least one of the above mentioned RRC procedures needs to be run after RRC Connection Setup. If none of the procedures are run it is most likely because the UE is only performing procedures such as Location Area Update, in which case there is no need for assigning a U-RNTI because a Cell FACH relocation will not happen.
Therefore mandating the use of RRC UTRAN Mobility Information should only be one of the possible ways of signalling the U-RNTI to the UE, but the most likely procedures to be used for such purpose shall be the RRC Radio Bearer Setup or RRC Radio Bearer Reconfiguration or RRC Transport Channel Reconfiguration or RRC Physical Channel Reconfiguration.
4) Initialisation of U-RNTI via RUA protocol:
The U-RNTI assigned to a UE is a parameter very similar to the UE Context ID.  This parameter is in fact used to uniquely identify the UE within a HNB GW domain, which is exactly the same purpose of the Context ID. Current procedures specify that the Context ID needs to be assigned during HNBAP UE Registration.
It is logical to think that during the HNBAP UE Registration the U-RNTI chosen for the UE is assigned to it.  In this way the HNB GW will be able to create within the same procedure a set of unique identifiers associated to the same UE.  
However, the proposed solution suggests initialisation of the U-RNTI via RUA CONNECT.  This procedure needs to be run twice if both CS and PS domains need to be initialised. Nevertheless, only one U-RNTI needs to be allocated to a UE. Therefore, according to the proposed solution, the RUA CONNECT message needs to be interpreted differently depending on whether it is used to connect the first or second domain for the UE.  

3 Enhancements for U-RNTI Management

A first simple enhancement to the solution proposed in R3-102305 is presented in R3-10xxxx.  The procedures proposed are as follows:
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Figure 2: U-RNTI management proposed in R3-102385
In the solution shown in figure 2 the U-RNTI is initialised via HNBAP UE Registration. This has a number of advantages:
1) All the identifiers associated to the UE can be assigned to the UE and stored at the HNB GW in one procedure

2) Any re-assignment of U-RNTI is handled before RRS Connection Setup procedures. This eliminates the risk of a UE needing to wait for its U-RNTI re-assignment before being relocated in Cell FACH

3) For implementations where the UE is deregistered at HNBAP level after RRC Release, the allocation of U-RNTI in HNBAP Registration is sufficient to handle all possible scenarios

The solution shown in Figure 2 also allows for the use of RRC Radio Bearer setup or RRC Radio Bearer Reconfiguration or RRC Transport Channel Reconfiguration or RRC Physical Channel Reconfiguration procedures for the re-configuration of U-RNTI at the UE.  

Similarly to the solution shown in Figure 1, the solution in Figure 2 proposes the use of RUA CONNECT to re-communicate an already assigned U-RNTI from HNB to HNB GW after RRC Connection Setup.  However, in case of U-RNTI collisions, the solution proposes the use of RUA DIRECT TRANSFER to allow the assignment of a new U-RNTI from HNB GW to HNB. A RUA DIRECT TRANSFER message is assumed to immediately follow the RUA CONNECT message (message 10 in Figure 2) as this message carries the first RANAP message sent to the HNB in DL.
4 Further Enhancements for U-RNTI Management

The enhanced solution described in section 3 was subject of criticism in R3-102308.  The main reason of such criticism was the fact that the solution impacts two protocols (HNBAP and RUA) and the fact that re-assignment of U-RNTI via RUA DIRECT TRANSFER might be subject to delays. Fro this reason an optimised solution has been presented in R3-102386, where the impact has been mainly contained to one protocol (HNBAP) and where delay issues concerning U-RNTI re-assignment have been resolved.
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Figure 3: U-RNTI Management solution proposed in R3-10xxxx

The solution described in Figure 3 presents the following advantages with respect to the solution proposed in R3-102305:

1) Initial assignment of U-RNTI is done via HNBAP UE Registration. This implies that any U-RNTI collision is resolved before the UE moves to RRC Connected. This also means that the U-RNTI will be exchanged only once between HNB and HNB GW, unlike with the solution adopting RUA CONNECT, where U-RNTI will have to be sent from HNB to HNB GW twice, once per connected domain.

2) When a UE returns to RRC Connected and a new RUA CONNECT is sent to the HNB GW the HNB GW is able to check whether the U-RNTI assigned to the UE is still unique. If this is not the case the HNB GW can send a new HNBAP message here called UE REGISTRATION UPDATE.  This message immediately follows the RUA CONNECT message, hence is not subject to any delay.
the main advantage of this mechanism with respect to the one proposed in R3-102305 is that the UE does not need to be disconnected and reconnected again at RUA level. This minimises the amount of signalling between HNB and HNB GW and the amount of processing at both nodes.

3) The U0RNTI is managed in the same way as the UE-Context ID, namely via the HNBAP protocol and within UE Registration procedures. 
Conclusion
This paper provides an overview of the solutions available for U-RNTI management for HNB to HNB mobility.  The paper explains the disadvantages of the solution proposed in R3-102305 and points at two proposed enhanced solutions for U-RNTI management.  
It is suggested that one of the two solutions proposed in R3-102385 and R3-102386 is selected as stage 2 baseline. 
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