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1
Introduction
In the RAN#47 plenary a new work item was approved focusing on mobility enhancements between HNBs. In a 3G HNB system the number of HNBs connected to one single HNB-GW can be very high and, especially in an enterprise scenario, it is expected that UEs often need to be relocated from one HNB to the other. 

Relocations can happen both on dedicated and on common radio resources. When on common radio resources, the relevant UE context is identified by the UTRAN-Radio Network Temporary Identifier (U-RNTI) field sent by the UE to the target HNB via the RRC Cell Update message (see TS 25.331).

U-RNTI is assigned to the UE by the HNB during the RRC connection establishment procedure so that each UE having an RRC connection in that HNB gets a different value. 

In order to retrieve the relevant UE context during enhanced relocation between HNBs under the same HNB GW, it is required that the U-RNTI is also unique within the HNBs served by the same HNB-GW. 

This paper describes the problem of U-RNTI uniqueness and proposes a way to coordinate the assignment of U-RNTIs within the HNBs of one HNB-GW so to guarantee a successful relocation. 
2
Problem Description
During the establishment of an RRC connection, the HNB assigns to the UE a U-RNTI value. According to the standard (see TS 25.331), U-RNTI is a 32 bit field composed by the Radio Network Controller – Identity (RNC-ID) as most significant bits (this can be either 12 or 16, for extended identity); and by the Serving Radio Network Controller – Identifier (S-RNTI) for the remaining bits (20 or 16 respectively). 

While the RNC ID is fixed for all UEs, S-RNTI is randomly assigned by the HNB in order to guarantee its uniqueness to the served UEs. 
HNBs under the same HNB-GW usually support the same RNC-ID, which is actually the identity of the controlling HNB-GW. This implies that, to guarantee the uniqueness of the U-RNTI within the HNB-GW, S-RNTI allocation should be coordinated among the supported HNBs.

One possibility would be to statically partition the U-RNTI space among the HNBs during e.g. HNB configuration phase. Yet, due to the limited number of bits composing this field and the large number of HNBs which may connect to one HNB-GW, there might be a shortage of U-RNTI values in an overloaded HNB while there could be U-RNTI codes left unused in other HNBs.  It is believed that a dynamic approach would be more efficient, where the U-RNTI assignment is coordinated by the HNB-GW. 
Proposals for a unique allocation of U-RNTIs have been presented in past RAN3 meetings.  However, the prospected solutions either cause a high impact to current protocols (e.g. by adding new HNBAP procedures and nesting RRC procedures with RRC procedures) or they imply high signaling load (e.g. by re-triggering a new HNB-generated U-RNTI allocation whenever a U-RNTI conflict is detected). 

The proposal described in this paper tries to minimize the impact on current specifications and protocols and reduces dependency of RRC procedures from HNBAP procedures. 
3
Proposal Description
According to current specifications every UE, before connecting to the HNB RAN, needs to be registered via the HNBAP UE registration procedure. During such procedure the HNB-GW assigns to the UE a UE Context Id, which is kept at least for all the lifetime of the RRC connection in the HNB and in the HNB-GW. 

A solution would be that during the HNBAP UE Registration procedure the HNB-GW also assigns a new U-RNTI to the UE if its current value is already in use within the HNB RAN. If the U-RNTI value received from the HNB-GW is different from the one already assigned to the UE during the RRC Connection Setup procedure, HNB will store it till the next opportunity to reconfigure the UE Radio Bearer. 

When reconfiguring the UE radio bearer (e.g. via the RRC Radio Bearer setup or the RRC Radio Bearer Reconfiguration or the RRC Transport Channel Reconfiguration or the RRC Physical Channel Reconfiguration procedure; see TS 25.331), HNB will also reconfigure the U-RNTI to the value received from the HNB-GW. Alternatively, and as a last resource, HNB can trigger the RRC UTRAN Mobility Information procedure to immediately update the UE U-RNTI.
It is important to notice that an RRC reconfiguration procedure shall always occur if the UE is asking for a data service to either CS or PS core network domains. Otherwise, if the RRC connection is only used to exchange signaling with the core (e.g. for sending a Location Update message), no RRC configuration will occur. However, in the latter case, the UE will never undergo a RRC Cell Update procedure to another HNB of the HNB-GW, thus there will be no need for the HNB-GW to resolve the possible U-RNTI allocation at the serving HNB.  
Figure 1 describes the message sequence chart according to the proposed solution.
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Figure 1 – U-RNTI coordination at the HNB-GW

Step1,2,3. UE performs the RRC Connection Request.  In response the HNB assigns to the incoming UE a new U-RNTI, “U-RNTIx”, if this is an unknown UE. Otherwise, if the UE is already known at the HNB, i.e. the UE is already registered to the HNB RAN and has already been assigned a UE Context identity and a U-RNTI from the HNB-GW, HNB will reuse that U-RNTI. 
Steps4&5. HNB sends the HNBAP UE Registration Request message to the HNB-GW including the HNB-assigned U-RNTI, U-RNTIx. HNB-GW performs access control, assigns the UE Context identifier and checks for the uniqueness of the U-RNTI. If U-RNTIx is already used in other HNBs (i.e. is not unique), HNB-GW assigns a new U-RNTI, U-RNTIy, and forwards it to the HNB in the reply message at step 5. HNB and HNB-GW shall store the UE U-RNTI together with its Context id, till the UE context is released. 
Note: Steps 3 and 4 are not required if the UE is already registered. In this case, the U-RNTI assigned by the HNB to the UE at step2 shall be the one received by the HNB-GW during the previous UE Registration.  

Step6. NAS procedures are carried out between the UE and the CN
Steps7&8. At the next occasion to perform an RRC Reconfiguration (namely RRC Radio Bearer setup or the RRC Radio Bearer Reconfiguration or the RRC Transport Channel Reconfiguration or the RRC Physical Channel Reconfiguration procedure), HNB shall assign to the UE a new U-RNTI value, if the one currently in use (U-RNTIx) differs from the one (U-RNTIy) received from the HNB-GW. 

Steps9&10. In case no RRC reconfiguration procedures take place after the HNB receives a new U-RNTI from the HNB GW the HNB can optionally trigger the RRC UTRAN Mobility Information procedure for the update of the U-RNTI at the UE.
With this proposal U-RNTI uniqueness can be guaranteed within a pool of HNBs served by a HNB GW without introducing new procedures or creating dependencies between RRC procedures and procedures running between HNB and HNB GW. 

Besides, impacts to the to the standard are kept to the minimum, as it only requires the addition of the U-RNTI parameter in the HNBAP UE REGISTRATION REQUEST and HNBAP UE REGISTRATION ACCEPT messages.

Conclusion

This paper describes a proposal to guarantee uniqueness of the U-RNTI parameter assigned to a UE within a pool of HNBs served by the same HNB GW. Such uniqueness is essential to enable successful enhanced Cell_FACH mobility between HNBs.  

The presented proposal has minimum impacts on current specifications, requiring only the addition of a new IE in the HNBAP UE REGISTRATION REQUEST and HNBAP UE REGISTRATION ACCEPT messages. Moreover, it does not generate dependencies between RRC procedures and HNBAP procedures.

It is proposed to adopt the solution described as the standardized method to guarantee U-RNTI uniqueness amongst HNBs served by the same HNB GW. 
If the group is in support of the above solution the authors are willing to draft the required CRs.   
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