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1. Introduction

In a RAN3 #74 e-mail discussion on legacy UE Macro ( HNB hand-in [1], a series of main topics were discussed 
· [General]: Clarifying the problem to resolve
a. PSC Confusion

b. Hand-overs towards Closed-Access HNBs

c. Inter-HNB handovers

· [Option-1] : HNB-GW disambiguation (options 1a, 1b, 1c)

a. UL sensing as an alternative/enhancements (1b, 1c)

b. RNC OAM configuration

c. Handover Statistics
d. HNBs subsystem deployment

e. Performance (delay, compressed mode, signaling)

· [Option-2] : SRNC disambiguation (options 2a, 2b)

a. How it works?
b. What impact it has on nodes and interfaces?
In this discussion, we focus on addressing [General] and [Option-1].
· Due to the late stage, we focus on addressing [General]-a and [General]-b, leaving inter-HNB handover (topic [General]-c) as FFS.
For discussion on [Option-2], refer to [2].
2. Discussion
2.1. PSC Confusion
The PSC Confusion problem was defined (c.f. Appendix A.1) as the active hand-in target identification problem that arises when multiple PSCs are reused by HNBs in macro cell coverage, and is illustrated in the Figure 2-1
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Figure 2‑1: PSC Confusion - which HNB correspond to PSC-X?
It was proposed by one company [1] that Open and Hybrid HNBs can be deployed without PSC Confusion. As an example it was offered that “[n]othing prevents [the] range [of hybrid or open HNB PSCs] to be e.g. = 100, or whatever the operator decides to be to avoid confusion.”

Such  proposals to avoid PSC Confusion are not deployable:
· The WCDMA NCL (Neighbour Cell List) is limited to maximum 32 intra-frequency cells

· Most of the NCL is taken by macro cells neighbours

· for this reason, RAN2 discussion assumed 4-8 HNB PSCs [4]
· The inter-frequency NCL (max 32 cells) can be even more severe: 32 cells may be split across two carriers.
With anything but very few HNB neighbours, deployments avoiding PSC confusion would have to use PSCs outside the NCL (also know as “detected set PSCs”).

Any cell using detected set PSCs have the following undesirable properties for any UEs, except Rel-9 members:

· reselection: any UEs may not reselect to it [5];
· inter-freq hand-in: impossible for any pre-Rel-10 UEs to measure & report it [6];
· intra-freq cells: UE may wait up to 30 s to measure & report it (30 s: not usable for handover) [6];
Because of this, Hybrid and Open HNBs must be deployed with PSCs in the NCL. In fact, to allow non-member UE reselection, RAN2 assumed in Rel-9 that hybrid cells are deployed in the NCL [7].
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Figure 2‑2: PSC Confusion for Open and Hybrid HNBs is unavoidable, in general
Observation 1: In general, PSC Confusion cannot be avoided for Open and Hybrid HNBs
This is:

- independent of whether open/hybrid HNBs are deployed in a planned manner and skilled personnel installs them.

- true even if the Rel-9 active hand-in solution is eventually deployed.

2.2. Hand-in to closed-access HNBs

Many contributors pointed out that both member and non-member legacy UEs might trigger hand-in towards closed-access HNBs. RNC cannot, in general, to identify the membership of such a UE.
If this non-member hand-in occurs often, the Core Network experiences a significant signalling increase due to failed access control in the HNB-GW.
We and other contributors pointed out close-access HNB coverage can be constrained inside residences; hand-in triggering from vast majority of non-member UEs would not occur. Nevertheless, doubts were raised about the effectiveness of such an approach [1].
To progress the discussion, we submit the following recommendation.
Proposal 2: To address concerns with excessive RANAP failed hand-over for non-member UEs of CSG HNBs, hand-in of legacy UEs to CSG HNBs may be disabled, in Rel-11.
2.3. UL Sensing disambiguation approach

A target disambiguation method was proposed [1], where the following two parameters are used at the candidate target HNB to identify the true target of a handover:

1. UL scrambling code

2. chip-level timing of the UE’s UL frame in the HNB DL reference (i.e. OTDHNB mod 10 ms)
UL sensing would be especially welcome in inter-frequency handover triggered by measurement of type 2x, where the resolution capability of the (OTD approach alone would be more limited [1].

For instance, option 1c combines the resolution and signalling benefits of (OTD (option 1a) and UL Sensing (option 1b). It is an approach that achieves excellent disambiguation both intra and inter-frequency handovers.
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Figure 2‑3: Target disambiguation, based on(OTD and UL Sensing
Based on this, we propose:
Proposal 3: RAN3 is asked to agree to use the HNB-GW disambiguation approach (options 1a, 1b or 1c) as the way forward to support legacy UEs handover.
2.4. RNC OAM Configuration

While various RNC OAM implementations exist, configuration of such OAM to support hand-in to HNBs should be achievable without implementation changes.

For instance, SA5 has defined since the very beginning the “external UTRAN cell” concept [9]. We illustrate in [3] how this concept can be used to configure Macro ( HNB handover for legacy UEs.
The contribution in [3] is not intended to mandate configuration be done in any particular way, but rather as existence proof by example.

Observation 4: RNC OAM can be configured to support Macro (HNB hand-in for legacy UEs.
2.5. Handover Statistics

RNC today can collect handover statistics for each source/target pair. Due to PSC confusion experienced for legacy UEs, exact target identity is not known today at the RNC when target HNBs are concerned.
Rather the statistics collected today for each target PSC would, when legacy hand-in is enabled, represent the summation (or averaging, etc) over all HNBs that share a PSCtarget in for the pair (source, PSCtarget), and should be interpreted as such.

In spite of PSC confusion, statistics for the source/(exact target HNB) pair could be collected:

· e.g. 1: at the HNB-GW

· e.g. 2: at the S-RNC, on basis of the Target Cell Id resolved and returned by the HNB-GW
Observation 5: Handover statistics can still be collected for a specific source/target pair.
In some cases, S-RNC could use statistics to address repeated failure [1]. Two cases are possible:
· Case 1: some of the error causes do not depend on specific handover target (e.g. CN or HNB-GW becomes unavailable). 
· Case 2: some error causes indeed depend on the exact target cell identity.

In case 1, algorithms relying on such statistics work as expected. 

In case 2, for instance and without limitation, algorithm action on handovers from a particular source macro cell would continue to work, based on statistics collected for a particular PSCtarget.
Just like in cases of handovers to external cells, undesirable decisions by such algorithms ultimately reflect problems that need to be addressed KPI tracking, threshold adjustments, etc.
In either case, the user experience will be superior to today’s situation, where call drops are practically guaranteed. Today’s handover statistics continue to over useful insights to guide both deployment fine-tuning and instantaneous S-RNC handover prioritisation.
Observation 6: Enabling Macro ( HNB legacy UE hand-in offers superior user experience, in the presence of statistics-guided handover algorithms.
2.6. HNBs subsystem deployment
This section addressed HNB and HNB-GW deployment topics raised during the RAN#74 email discussion [1].

2.6.1. Identifying HNB-GW
In Step 2 of Figure 2‑3, S-RNC must to fill in the RANAP Target ID IE with the identity of the HNB-GW controlling the target HNB in PSC confusion.

While filling Target ID IE is straightforward for target macro cells, some contributors inquired how this might be done for cells in PSC Confusion.
HNB deployment is the operator’s choice. Seeing PSC Confusion is – in general – unavoidable, HNB-GWs should be deployed in such a way that target HNB-GW is always identifiable, e.g.:
A. Deploy geographically separate HNB-GWs
B. Ensure the PSCtarget ( HNB-GW mapping is always defined (i.e. “onto” or “injective”)
e.g. 1: HNB-GW assigned to HNB, as a function of the PSC selected by HNB

e.g. 2: PSC ranges for HNB to choose from, as a function of HNB-GW selection 
C. Ensure the ARFCN ( HNB-GW mapping is always defined (i.e. “onto” or “injective”)
D. A combination of A, B, C.
While (A) is feasible solution, (B), (C) and (D) can be considered for various conditions and optimisation:

· borders between geographical regions served by distinct HNB-GWs
· load balancing between HNB-GWs is desired
· separate GWs to server various types of HNBs (e.g. residential vs public)
Observation 7: While some precautions are necessary, multiple approaches are available for flexible HNB-GW identification and deployment.
2.6.2. Mixed HNB deployments

It is conceivable that a Macro ( HNB legacy UE hand-in function will be deployed networks where already-existing HNBs do not support such a function. 

In such a case, permitting handover attempts towards non-supporting HNBs, can lead to an excessive number of handover failures if a UE encounters many such HNBs.
Note, first, that many already-existing non-supporting HNBs are of the closed residential variety. In light of Proposal 2, hand-in towards them is avoidable.
We therefore focus on those non-supporting HNBs that are of the open or hybrid variety. If they are already deployed:

1. the signalling due to UEs attempting to move into coverage of such HNBs is already accounted for:

· call drops & subsequent re-establishment attempts cause tremendous amount of signalling to both CN and cells through which re-establishment is attempted

· due to the above issue, the lack of active hand-in likely already limits the deployments of such HNBs.

2. such HNBs very likely have upgradeable firmware

· options 1a/b/c are implementable without hardware upgrades

3. signature separation (PSC/ARFCN or both) can further reduce handover attempts.

· SRNC would, by configuration, avoid handover initiation towards such PSCs/ARFCNs

Observation 8: Target-based HNB disambiguation is well-suited to address existence of non-supporting HNBs.
2.7. Performance

This section addresses performance concerns as to UE measurement configuration and delay experienced by UEs for a options 1a/b/c. These concerns were raised during the RAN3#74 email discussion [1].
2.7.1. Compressed Mode usage for inter-frequency hand-in

Contributors have expressed concern that inter-frequency handovers will generate an excessive amount of compressed mode configuration.
Already-existing triggers:

We note that inter-frequency hand-in to HNBs can be based on deployment goal linked to service quality, e.g.:

1. inter-frequency handover triggers may be sufficient;
2. load-triggered handovers may also be sufficient.
Such triggers occur naturally in today’s networks and require no additional compressed mode triggering.

Proximity trigger:

The Rel-9 active hand-in feature introduced the concept of “proximity indication”, whereby a member UE can notify RNCs when the UE is in the proximity of its CSG or Hybrid HNB. This provides a 3rd kind of hand-in trigger.
During e-mail discussions, contributors inquired how such trigger can be implemented for Macro(HNB legacy UE hand-in. Frequent periodic compressed mode was pointed out as a potential method.
We do not think such a method is – in general – advisable, since compressed mode can impact macro cell capacity: 
Why take a macro penalty if a UE is well served on the macro?
Rather the main goal of handing over legacy UEs is to improve UE experience by preventing call drops. A “proximity indication” trigger is irrelevant to this goal and need not be addressed in a standardized fashion.
This is consistent with RAN2’s Rel-9 decision to have hybrid HNBs appear as open HNBs to legacy UE, regardless of membership or CSG capability.
Nevertheless, for RNCs desiring to implement the equivalent of a pre-Rel-9 proximity trigger via periodic compressed mode configuration in a UE:

· can trade-off between the CM frequency and time for a UE to discover a HNB. Capacity and signalling can be controlled by trading one against another, as needed.
· a very similar discovery topic was studied for HCS; a trove of handover triggers & trade-offs listed on IEEE
Observation 9: Legacy hand-in resolves the fundamental problem of avoiding call failures. If early detection is a deployment goal, trade-offs between CM frequency and discovery time are possible.
2.7.2. Handover Triggering Delays
A further concern was that handover triggers incorporating OTD measurements by legacy UEs would experience greater delays compared to Rel-9 UEs reporting a target HNB’s System Information (including Cell Identity).

Rather, OTD measurement is an integral part of Rel-9 System Information reading. In fact, a handover trigger incorporating such System Information can be delayed up to 1.9 seconds compared to one incorporating OTD [6].

Observation 10: Handover is triggered faster for Macro ( HNB legacy hand-in than for Macro ( HNB Rel-9 hand-in.
3
Conclusion
The following observations and proposals were made:
Observation 1: In general, PSC Confusion cannot be avoided for Open and Hybrid HNBs
Proposal 2: To address concerns with excessive RANAP failed hand-over for non-member UEs of CSG HNBs, hand-in of legacy UEs to CSG HNBs may be disabled, in Rel-11.
Proposal 3: RAN3 is asked to agree to use the HNB-GW disambiguation approach (options 1a, 1b or 1c) as the way forward to support legacy UEs handover.
Observation 4: RNC OAM can be configured to support Macro (HNB hand-in for legacy UEs.
Observation 5: Handover statistics can still be collected for a specific source/target pair.

Observation 6: Enabling Macro ( HNB legacy UE hand-in offers superior user experience, in the presence of statistics-guided handover algorithms.

Observation 7: While some precautions are necessary, multiple approaches are available for flexible HNB-GW identification and deployment.

Observation 8: Target-based HNB disambiguation is well-suited to address existence of non-supporting HNBs.
Observation 9: Legacy hand-in resolves the fundamental problem of avoiding call failures. If early detection is a deployment goal, trade-offs between CM frequency and discovery time are possible.

Observation 10: Handover is triggered faster for Macro ( HNB legacy hand-in than for Macro ( HNB Rel-9 hand-in.
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Appendix A
A.1 PSC Confusion [TR definition]
PSC Definition captured in the draft [1] introduction:

	In dense HNB deployment scenarios the size of the NCL with 32 PSC values per frequency carrier will be a limiting factor especially in co-channel deployment with macro cells.

The PSCs of the neighbouring hybrid access HNB cells need to be indicated in the NCL of the serving macro cell in order to support inbound mobility with legacy and non-member UEs. The same is required in open access HNB cell deployments for all UEs.

[…]

One option to solve the addressed problem is to reserve for HNBs only very few PSC values, which have to be reused among the HNBs. 

This however leads to another issue to be solved, the PSC Confusion problem. This may result in the inability of identifying, at the macro RNC, a unique target HNB corresponding to a PSC reported by a UE. 























































































































































































