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1
Introduction
In the pre-RAN#75 email discussion #10 (TP on CELL_FACH mobility for HNB) a text proposal has been updated with the description and the analysis of some solutions supporting CELL_FACH mobility [1].
Such solutions can be categorized in three families: centralized solutions (solutions 1a, 1b and 1c of [1]), distributed solutions (solutions 2a and 2b of [1]) and DSCR based solution (solution 3 of [1]). All such solutions either (a) do not reuse the U-RNTI space among HNBs hence limiting the number of UEs camping under the same HNB-GW in CELL_FACH state; (b) require UE updates or (c) are not based on CELL_FACH mobility.
In this discussion paper we propose two other centralized approaches for supporting CELL_FACH mobility: Solution A (based an evolution of Solution 1c of [1]) and Solution B (based on the U-RNTI prefix setting by the HNB-GW). 
While Solution A allows a fully dynamic U-RNTI allocation, Solution B allows reusing the U-RNTI space among non overlapping HNBs. Both solutions require no UE changes.
2
Description of the solutions
2.1
Solution A – evolution of Solution 1c of [1]. 
Solution A is an evolution of what we proposed with Solution 1c in [1]. While the registration procedure would remain the same of 1c (i.e., containing the U-RNTI range allocation by the HNB-GW to the HNB), the Cell Update HNB to HNB and HNB to macro have been updated.

The main difference with Solution 1c consists in the U-RNTI being modified every time the UE leaves the coverage area of an HNB and attaches to another HNB connected to the same HNB-GW, e.g. when handed over to a macro NB/RNC (while, in 1c, the U-RNTI remained the same as long as the UE did not leave the HNB-GW coverage area).
2.1.1
Solution A: Cell update from HNB1 to HNB2
Figure 1 describes the HNB to HNB cell update procedure for Solution A. Changes with respect to Solution 1c of [1] are marked in bold red:
· Message 4b): Notice that now, after the UE sends the Cell Update message and presents the previously assigned U-RNTI to the target HNB, the target HNB assigns now a new U-RNTI and sends it to the UE within the RRC Cell Update Confirm message.

· Message 5a)/6a): Notice that the target HNB, knowing the previously assigned U-RNTI, will still use it to indicate to the HNB-GW to retrieve UE context from the proper source HNB.
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Figure 1: Solution A, Cell Update to other HNB
2.1.2.
Solution A: Cell update HNB to Macro
Similarly to the HNB to HNB cell update, also for the HNB to macro cell update the UE will be assigned a new U-RNTI by the RNC once it leaves the HNB-GW coverage area. Figure 2 reports the message flow and in bold red are marked the difference with the equivalent procedure of Solution 1c in [1].
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Figure 2: Solution A, Cell Update towards macro HNB
2.2
Solution B – U-RNTI prefix based solution
The 20 Bit U-RNTI can carry a unique Identifier to identify the HNB within a specific area (in terms of macro-cell). It will occupy some fixed space in the 20 bit value, up to a maximum of 10 bits. Here we assume the maximum number of U-RNTIs needed per HNB equal to 1024.

The basis for assigning this identifies is the HNBAP Registration procedure as it is to include HNB location information, like the macro-cell info in HNB-Registration message.

The HNB-GW shall assign the U-RNTI Prefix for this HNB considering the uniqueness of the Prefix within the best-macro-cell area.
2.2.1 Solution B: HNB registration

The HNB-GW should take care of assigning the unique U-RNTI-prefix within the macro-cell area. 

Figure 3 depicts the message flow for the U-RNTI prefixes assignment by the HNB-GW during HNB Registration.


[image: image3.emf]4. HNB Registration Accept 

(U-RNTI-prefix, <TNL-IP, 

U-RNTI-prefix of neighbors>)

HNB HNB-GW

1. HNB Registration Request 

(HNB Neighbors, Macro Neighbors (top 4))

5. HNB-GW maintains the following table:

Macro-cell-ID: <U-RNTI-prefix + HNB-ID 

mapping>,

for all the macro cells reported from the 

connected HNBs

2. HNB-GW Allocates U-RNTI Prefix to 

HNB

Condition 1: free U-RNTI-prefix chosen 

from all macro-cell NCL

Condition 2: the U-RNTI prefix must be 

unique within HNB neighbors

3. Creates HNB-IDs vs. U-RNTI-prefix 

mapping in all macro-cells


Figure 3: Solution B, U-RNTI prefixes assignment at HNB registration

2.2.2
Solution B: Cell update HNB to HNB

In case of femto to femto mobility, the HNBAP configuration update will also inform the U-RNTI prefix along with other IP-Address details.

The target HNB obtains the U-RNTI prefix from the first n bits of the U-RNTI included in the Cell Update message. At this point, the target HNB can retrieve the context by routing the message towards the proper source HNB.

Figure 4 below reports the message flow in case of CELL_FACH mobility across HNBs.
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Figure 4: Solution B, Cell Update towards other HNB

2.2.3
Solution B: Cell update HNB to Macro
Finally, in case of femto to macro mobility, if the Cell Update message contains S-RNTI corresponding to the HNB-GW, then the Iurh message which forwards the Cell Update from the RNC to the HNB-GW should also include the macro-cell-id from which the cell-update is received. The NB-GW will then use the U-RNTI-prefix (first n bits of the U-RNTI included in the Cell Update message from the RNC) and the macro-cell-id to find the proper source HNB to route the message to. At this point the source HNB and the (target) RNC can exchange the UE Context by means of the SRNS Relocation procedure.

The procedure then ends with the RNC sending a Cell Update Confirm to the UE. 

The message flow of the femto to macro CELL_FACH mobility scenario for solution 1d is reported in Figure 5.
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Figure 5: Solution B, Cell Update towards macro NB
3
Analysis of the proposed solutions
The solutions described in Section 2 would have the following advantages and disadvantages.
Solution A:

Advantages:
· No impact on the UEs.

· No UE specific database needed at the HNB-GW.
· HNB-GW could assign U-RNTI values according to individual HNB requirements (i.e., fully dynamic U-RNTI ranges assignment).

· No need for contiguous U-RNTIs assigned to a given HNB.

· Involving the HNB-GW into the preparation of the UE handover allows for unique procedure in the HNB as no differentiation between HNB to HNB and HNB to macro HO is required.

Disadvantages:
· HNB-GW needs to keep mapping HNB IDs and U-RNTI values assigned.

Solution B:
Advantages:
· No impact on the UEs.
· Minimal impact on the HNBs.
· No UE specific database needed at the HNB-GW.

· The HNB-GW just needs to assign the U-RNTI-prefix based on the macro surrounding.
· The reuse of U-RNTIs is allowed across non overlapping area so that a higher number of UEs in CELL_FACH can be handled at the same time under a give HNB-GW.
Disadvantages:
· HNB-GW needs to keep a mapping table between U-RNTI prefixes and HNB-Ids

More in detail, if we evaluate the proposed solutions according to Section 6.1.1.3.3 (Comparison Table) in [1] we obtain the following:

	Aspect
	HNB-GW U-RNTI management

	
	U-RNTI Management by HNB-GW – Solution A
	U-RNTI Prefixes Management by HNB-GW based on geographical areas (macro cell coverage) – Solution B

	Elements Impacted
	HNB-GW, HNB
	HNB-GW, minimally HNB

	Backward compatible
	HNB-GW must be R-11, but co-existence with pre-R-11 HNBs possible
	HNB-GW must be R-11, but co-existence with pre-R-11 HNBs possible

	U-RNTI uniqueness to a local area
	Essential locally
	Essential geographically

	No of non-RRC messages involved
	7-8
	2 (HNB-to-HNB)/4 (HNB-to-Macro)

	Existing Procedures impact
	A new procedure to update HNB-GW U-RNTI to HNB mapping
	A new procedure to transfer Cell UPDATE via HNB-GW needed in case of mobility towards macro

	RRM Aspects compare with existing Macro procedure.
	Method 1 in Figure 1: source HNB address fetched from HNB GW before RNSAP Uplink Signalling Transfer message is sent to Source HNB.

Method 2 in Figure 1: The Cell UPDATE will always transfer via the HNB-GW
	In case of femto-to-macro: cell update via HNB-GW




	Complexity of Additional U-RNTI Management at HNB/ HNB-GW
	HNB-GW and HNB need to maintain U-RNTI ranges
	HNB-GW needs to assign U-RNTI prefixes to the HNBs in order to uniquely identify them. Subsequently, HNBs will simply generate U-RNTIs based on the provided U-RNTI prefixes.


4
Summary and Proposal

In this paper a two new centralized solutions for the issue of CELL_FACH mobility for HNBs have been presented.
Solution A consists in an extension of Solution 1c of [1] and allows having a fully dynamic U-RNTI range assignment to the different HNBs. In this way, HNBs that need to handle more UEs in particular cases can do so. The main difference with Solution 1c of [1] consist in now having the UE assigned a new U-RNTI every time it changes HNB.
Solution B consists in the HNB-GW assigning during HNB registration to the HNB a U-RNTI prefix so that the HNB is uniquely identified among the neighbors HNBs. The HNB can then use such U-RNTI prefix, combined with the HNB-GW RNC ID and other locally generated bit to assign a U-RNTI to a UE at Connection Setup. During CELL_FACH mobility, the HNB-GW will be able to retrieve the UE context from the proper source HNB by extracting the U-RNTI prefix from the U-RNTI of a given UE and mapping it to the proper HNB-ID. Such solution guarantees a good U-RNTI range reuse for non overlapping HNBs.
Both solutions require changes in the HNB (only minimal for Solution B) and HNB-GW only.
Proposal 1: Capture the solutions described in Section 2 and 3 into the final version of the text proposal for the SI on CELL_FACH mobility for HNB. 
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