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1. Introduction

This paper proposes one RRC signaling optimization that may help in case of high Low Power Nodes (LPN) density scenarios, in particular to overcome PSC confusion problems due to the re-use of the same PSC across neighboring LPNs sharing the same frequency. The optimization was already proposed as part of previous submissions (e.g. [1]). 
At RAN2#85bis, the discussion was postponed with one open point to further investigate: it was pointed out that a similar proposal was already standardized by RAN3 as part of the work on HNB enhancements ([2]). After checking the HNB solution specified by RAN3 (see relevant text copied in the Annex below), few main differences have been identified, as summarized in section 3.
2. Proposed optimization
The proposed optimization aims at solving the PSC confusion problem in CELL_DCH state while largely re-using existing RRC signaling functionalities, thus minimizing implementation and specs impacts. 

In summary, PSC confusion at the network (due to multiple cells reusing the same PSC in a certain area) relates to potential PSC identification ambiguity, e.g. when a UE reports a certain PSC in a measurement report. Such ambiguity may be avoided as follows.

1. The network maintains an estimate of relative time difference between all the cells in the network. These estimates could be derived from measurement reports that contain cell timing information from multiple UEs in the network

2. The network configures multiple measurements in a UE, where the same primary scrambling code (PSC) may appear in multiple measurement configurations. 

3. In each measurement configuration, for each of the neighbour cells that appear in the CELL_INFO list, the network aids the UE further by indicating the relative time difference between the cell the UE is camped on (serving cell) and the neighbour cell. 

4. When the UE performs new cell identification and pilot measurements, the UE searches for the same PSC on different relative timing offsets to the macro cell corresponding to the signalled relative time differences (in Step 3)

5. If the UE detects the same PSC in search windows around one or two different timing offsets (as signalled by the network in separate measurement configurations), the UE sends one or separate measurement reports, corresponding to the separate measurement configurations.
6. This avoids ambiguity, at the network side, with regard to the PSC that the UE detected, and reported.

An applicability scenario is described below, for the case of Low Power Nodes (LPNs) PSC confusion.
· Two LPNs under the same macro cell re-use the same PSC (let us label it as PSC_PICO)

· Based on cell timing measurements reported by multiple UEs, the Macro RNC has an estimate of timing difference between the macro cell and each of the LPNs.
· The Macro RNC configures a UE with 2 measurement control messages with 2 different measurement IDs (MCM_1&2) including 2 different CELL_INFO lists:

·  one with PSC_PICO and a certain Reference time difference to cell (say TimingA)

·  one with PSC_PICO and a different Reference time difference to cell (say TimingB)

· If the UE detected PSC_PICO on one (or both) Reference time differences, it reports the pilot measurement information for PSC_PICO in the corresponding measurement reports (MR_1/MR_2, corresponding to MCM_1/MCM_2).
One major advantage of the described solution is that it relies on existing RRC signalling ([3]) of the Reference time difference to cell IE (as referenced below). Potentially, this table could be enhanced further to represent/allow a finer granularity for small cell deployments, if deemed necessary.

================================ Ref. from 25.331 =======================================
10.3.7.60              Reference time difference to cell

In the System Information message, the reference time difference to cell indicates the timing difference between the primary CCPCH of the current cell and the primary CCPCH of a neighbouring cell.
In the Measurement Control message, the reference time difference to cell indicates the timing difference between UE uplink transmission timing and the primary CCPCH of a neighbouring cell.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE accuracy
	MP
	
	
	

	>40 chips
	
	
	
	

	>>Reference time difference
	MP
	
	Integer(0..38400 by step of 40)
	In chips

	>256 chips
	
	
	
	

	>>Reference time difference
	MP
	
	Integer(0.. 38400 by step of 256)
	In chips

	>2560 chips
	
	
	
	

	>>Reference time difference
	MP
	
	Integer(0.. 38400 by step of 2560)
	In chips


3. Discussion on other identified RAN3 mechanisms

This section summarizes few main differences that have been identified between the solution proposed above and the HNB solution specified by RAN3 ([2], see relevant text copied in the Annex below).
Both solutions can solve PSC confusion (LPNs with same PSC in the same macro cell coverage, but not each other’s vicinity); the solution proposed in this paper, though, provides some additional benefits on both UE and network sides: 
· UE searcher can benefit from the a-priori knowledge of the “reference time difference to cell” information, e.g. it can optimize cell discovery times (narrower search window), for both intra-frequency and - even more significantly - inter-frequency searches. 

· RNC can have better control, e.g. UE measurement report is by definition linked to a particular cell known and configured by the RNC (via a specific Measurement Control message). RNC processing is also simpler, e.g. matching at the RNC is based on unambiguously reported cells (rather than OTD measurements).

The solution proposed in this paper helps also HetNet deployments with PSC collision (LPNs with same PSC in each other’s vicinity). In fact, UE would be able to track multiple LPNs with the same PSC in the vicinity and report events/measurements for them individually/separately.
Similar functionalities are expected at the RNC with regard to handling an internal database with LPN specific information (e.g. cell-ID mapped to OTDs or “reference time difference to cell” information). 

4. Conclusion

Based on the above considerations, it is still considered beneficial to introduce the proposed optimization to solve PSC ambiguity in dense Hetnet scenarios.

Proposal : In order to achieve PSC disambiguation in high-dense LPN deployments (where PSC-reuse is needed), RAN2 should consider a simple RRC optimization allowing the UE to report multiple MRs with the same PSC based on a specific/different relative macro-LPN time difference identification (as configured by the NW in multiple MCMs).
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6. Annex

From TS 25.467, Annex C (informative).
C.2
Disambiguation at the RNC
This implementation option can be split in two different steps:

Step 1: At first, during previous HNB to RNC mobility, the RNC builds a local database of necessary information concerning neighbouring cells with PSC confusion (e.g., neighbouring cells PSCs, Cell IDs, Observed Time Difference (OTD)). This local database is built/maintained via handover preparation signalling. The HNB shall include the full Measurement Report and the source cell ID in the handover preparation signalling, and the target RNC collects incoming data and adds/updates OTD information to its database.
Step 2: In a second phase, during RNC to HNB mobility (hand-in), the RNC uses the information previously gathered in order to disambiguate the target HNB in case of a certain PSC is reused in a given (target) area.
<SKIP>
This first step can be split in the following sub-steps:

A.
The UE under control of the HNB is configured to provide measurement reports, including OTD data.
Such measurement report, e.g., can be carried within an RRC:Measurement Report to the HNB and, subsequently, to the target RNC via handover preparation procedures.

B.
The HNB initiates relocation towards macro cells, by including the source cell identity and full Measurement Report in the Source RNC to Target RNC Transparent Container;

C.
The Macro RNC collects incoming data and adds/updates OTD information to its database.

At this stage, the Macro RNC has built a database with all necessary information for future RNC to HNB relocation (hand-in).

<SKIP>

…the second step of this implementation option consists of the following sub-steps:

A.
The RNC enables the normal measurement reporting to a “shared” PSC in the area;

B.
In case of shared target PSC and if the UE is not SI reading capable, the RNC checks the cells reported in the measurement report, calculates the OTD information based on the measurement report and finds the best match in the database created in Step 1;

C.
The RNC initiates relocation towards the selected target HNB as per normal mobility procedures.
<SKIP>

C.4
Notes

…the following notes apply:

NOTE 1: 
It is assumed that the HNB GW/RNC has the mapping of neighbouring cells PSCs and Cell IDs.

NOTE 2: 
If OTD signatures are not maintained up to date, handover failures may occur.

NOTE 3:
The range of OTDs will be different for intra and inter-frequency cell measurements (e.g., when the HNB cell is measured on another frequency than the source cell). Consequently the disambiguation performance in the two scenarios may differ.
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