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1
Introduction
RAN#51 agreed on a new SI [1] in order to analyze further enhancements for HNB and HeNB. During the recent RAN3 meeting a number of contributions [2], [3], [4], [5], [6] has been presented and two possible methods have been identified.
This contribution details further on the UTRAN Radio Network Temporary Identifier (U-RNTI) management by the HNB-GW.
2
Benefit Analysis
The main advantage of having the HNB-GW controlling the usage of the U-RNTIs assigned by different HNBs is that there is no UE impact. Any UE supporting RRC connected mode states other than CELL_DCH can benefit from this approach. Key to support mobility in CELL_FACH/CELL_PCH/ URA_PCH state is the HNB-GW’s ability to know the last visited HNB along with the HNB that originally assigned the U-RNTI provided by the UE during cell update procedure.
As static partitioning of the U-RNTI resources [8], [9] is no longer considered a viable option, other methods allowing the HNB-GW manage the U-RNTI need to be analyzed in more detail. The method discussed so far is based on enhancements in the UE’s registration process with the HNB-GW using HNBAP:
· The HNB autonomously assigns a U-RNTI value for the UE which is modified when the HNB-GW detects duplicate assignment based on new information elements exchanged during UE Registration;

However, this method suffers from introducing additional delay as the eventually necessary U-RNTI change requires additional exchange of messages on the Uu interface on RRC level. Details have already been presented in past meetings [10], [11]. 
To keep the main advantage of not requiring changes in the UE behavior but overcoming the additional delay, this contribution proposes to 
· Distribute U-RNTI(s) to HNBs for assignment to UEs, centrally managed by the HNB-GW.

This method allows the HNB to optionally indicate to the HNB-GW the number of U-RNTI values that should be initially distributed by the HNB-GW to the HNB. Once the distributed U-RNTIs are used up by being assigned to UEs, the HNB needs to be able to request for more.

A basic property of this method is that upon inter-HNB mobility an assigned U-RNTI is “floating” around within the set of HNBs allowing non-CELL_DCH mobility without the need of re-assigning another U-RNTI, unless the UE leaves the HNB-GW serving area or moves into a HNB cell not supporting non-CELL_DCH mobility

Furthermore, this solution also allows for non-CELL_DCH mobility between HNBs and macro network (NBs/RNCs), without requiring any changes to the macro network nodes.
3
Discussion
During the HNB-Registration process the HNB-GW provides a list of U-RNTI values (or a U-RNTI value plus a range of subsequent values) available for exclusive usage by the HNB. An HNB may indicate during HNB Registration the number of requested U-RNTI values. Reason being that the number of UEs HNBs are able to support might be different, or the number of U-RNTIs a HNB has to assign might depend on the HNBs role within the femto network (e.g. HNBs located close to the entrances of an enterprise or mall area). The U-RNTI once assigned by an HNB is not changed until the UE leaves the coverage area of the HNBs connected to the same HNB-GW, e.g. when handed over to a macro NB/RNC. 
The following procedures are described in the next section showing applications of such a centrally managed U-RNTI assignment scheme:

· HNB and UE registration, in Section 3.1,

· UE mobility:

· Cell Update to a second HNB, in Section 3.2,

· HO from a first to a second HNB followed by Cell Update to a Macro NB, in Sec. 3.3.

Section 3.4 describes how different HNB releases can be supported.

3.1
HNB registration and UE registration
The message flow depicted below shows one possibility for U-RNTI management by the HNB-GW not introducing additional delays in UE REGISTRATION procedure.
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Figure 1: U-RNTI coordination at the HNB-GW
1) HNB sends HNB REGISTRATION REQUEST to HNB-GW, optionally indicating the number of U-RNTI values it want to get assigned
2) HNB-GW accepts the HNB REGISTRATION and additionally provides a list of U-RNTI values the HNB may assign to UEs.

· The HNB-GW, when granting a given set of U-RNTI values to a requesting HNB, marks those U-RNTI values as being assigned to this HNB.
3) UE sends RRC Connection Request. 
4) In answering with RRC Connection Setup the HNB assigns a currently unallocated U-RNTI value out of the list of U-RNTI values previously received from the HNB-GW.
5) RRC connection setup is completed

6) HNB needs to register the newly attached UE with the HNB-GW and the HNB-GW is informed about the assigned U-RNTI being now in use by the HNB performing the UE Registration. The HNB may optionally indicate the need for more U-RNTIs for future assignment.
7) HNB-GW accepts the registration and optionally, if the number of U-RNTI values still available at the HNB is below a minimum, it includes a new set of U-RNTI values to the HNB.

· The HNB-GW when accepting the UE registration marks the U-RNTI value indicated in the UE REGISTRATION REQUEST message as “assigned to UE” and additionally stores the information where to retrieve the corresponding UE context. As long as the UE is not handed-over to another HNB, the information about the HNB that was initially assigned the U-RNTI and the HNB where to retrieve the UE context are identical.
3.2
UE mobility: Cell Update to HNB#2
The message flow given below provides details of how the UE context is retrieved based on the U-RNTI contained in the CELL UPDATE message. 
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Figure 2: U-RNTI coordination at the HNB-GW: Cell Update to other HNB
1) HNB#1 and HNB#2 register with the HNB-GW, being provided with U-RNTIs.
2) The UE connects to HNB#1, which registers the UE with the HNB-GW, which is informed about the U-RNTI “in use” at HNB#1.
3)
The UE changes from CELL_DCH state to e.g. CELL_FACH state and due to physical movement, it discovers an acceptable other HNB cell.

4) UE performs Cell Update procedure and presents the previously assigned U-RNTI to the selected HNB.

· The receiving HNB needs to query the HNB-GW about the HNB that is known to currently host the UE context.

There are two possibilities to request for the HNB holding the UE context denoted by the indicated U-RNTI. Either:
5a/5b) Request the HNB-ID from the HNB-GW, holding the UE context denoted by the received U-RNTI.

· The HNB-GW, when retrieving the request about the HNB last serving the UE, stores the identity of the requesting HNB as the “next serving” HNB.
5c)
Like in between macro RNCs, the RRC Cell Update is forwarded to HNB#1via RNSAP means.
or:

6a/b) The RRC Cell Update is forwarded to HNB#1 via the HNB-GW by HNBAP means. As after step 5b, the HNB-GW memorizes the fact that the UE context denoted by the U-RNTI is being transferred to HNB#2
7) The receiving HNB, triggers RNSAP relocation. Upon HNBAP Relocation Complete the UE context can be regarded as being successfully transferred to HNB#2.
3.3
UE mobility: HO from HNB#1 to HNB#2 followed by Cell-update to macro NB

The message flow given below provides details how to keep the information about the “last” serving HNB up to date in the HNB-GW. This is considered key for scenarios, where a UE first is handed-over to an HNB of e.g. in case of enterprise or mall scenario and then in turn is handed over to a series of other HNBs, before the UE state changes from CELL-DCH to any other non-CELL_DCH state.
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Figure 3: U-RNTI coordination at the HNB-GW: HO followed by Cell Update to macro NB
1) HNB#1 and HNB#2 register with the HNB-GW, which in turn provides U-RNTIs for being assigned to UEs.
2) The UE connects to HNB#1, the HNB-GW marks the U-RNTI as being “in use” in HNB#1.
3) The UE, in e.g. CELL_FACH, moves to HNB#2 and the HNB-GW is informed about the U-RNTI “in use” in HNB#2. 

4) The UE performs Cell Update procedure and presents the U-RNTI assigned originally by HNB#1 to the RNC controlling the selected cell. 
· Based on the RNC-ID which is part of the U-RNTI the receiving RNC is starting RNSAP procedure towards the HNB-GW.

5) The received U-RNTI is passed to the HNB-GW via RNSAP Uplink Signalling Transfer Indication.

· The HNB-GW, when retrieving the information about the last serving HNB, stores the identity of the requesting RNC as “next” serving node.

6) The HNB-GW relays the RNSAP Uplink Signalling Transfer to the serving HNB#2
7) The HNB#2 triggers an Enhanced Relocation procedure, during which the U-RNTI will be released from being in use, hence being “freed” for further usage.
3.4
Support for mixed HNB releases

To allow for a mixed deployment of HNBs supporting central U-RNTI management and HNBs not supporting central U-RNTI management, the HNB-GW should assign an extended RNC-ID to those HNBs not supporting central management of U-RNTIs during the HNB Registration process. According to TS 25.469 clause 9.2.26 the RNC-ID could either be of traditional 12bits length or of 16 bits length (“extended RNC-ID”). The assignment of the extended RNC-ID should be done in a way to ensure that bits 1 up to 12 are identical with the RNC-ID assigned to HNBs supporting central management of U-RNTI values. In this way, bits 13 up to 16 of a specific extended RNC-ID may form a numbering space indicating that the corresponding U-RNTI was assigned by a HNB not supporting central management of U-RNTIs. 
Note, that all HNBs served by the same HNB-GW share the same RNC-ID considering bits 1 to 12 only. This ensures that all HNBs served by one HNB-GW are seen as one single RNC from the Core Network or an Iur-connected macro RNC, based on the assumption that the RNC-ID known to the CN node or Iur connected macro RNCs is a 12 bit identifier.
The HNB-GW procedure assigning centrally managed U-RNTI values does not provide U-RNTI values that might be confused with those not centrally managed. In this way, the U-RNTIs allocated by HNBs not supporting central U-RNTI management are distinguishable from U-RNTIs allocated for UEs served by HNBs supporting central U-RNTI management.

The HNB-GW’s awareness of the HNBs’ support of U-RNTI management may be either based on the HNB identity or on the presence of information during HNB Registration
.

4
Summary and Proposal

This paper proposes a potential solution for centrally managing U-RNTIs at the HNB-GW. The solution consists in:
-
The HNB-GW centrally managing the provision of U-RNTIs to HNBs and keeping information about which HNB currently holds the UE contexts denoted by a given U-RNTI.

-
Provisioning U-RNTIs for assignment to UEs at HNB Registration or whenever the HNB indicates the need of new ones (e.g. at UE Registration).

-
The ability to query the HNB-GW on the location of a UE Context denoted by a U-RNTI.
-
The ability to distinguish U-RNTIs assigned by HNBs not supporting central U-RNTI managements from those assigned by supporting HNBs.

The main advantages consist in having:

· No UE impact;
· Interoperability with legacy HNBs;
· No delay during assignment of U-RNTIs to UEs.
In Section 3 the following procedures of the proposed solution were described: 
· HNB and UE registration;
· UE mobility:

· Cell Update to a second HNB, in Section 3.2;
· HO from a first to a second HNB followed by Cell Update to a Macro RNC, in Sec. 3.3.
Section 3.4 described how different HNB releases can be supported.

It is therefore proposed to agree on the following:
Proposal 1: Capture Section 3 into TR 37.308 [7].
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