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1. 
Introduction

This paper proposes one RRC signalling optimization that may help in case of high LPN density scenarios, to overcome PSC confusion problems. 

Note: the proposal was part of a past RAN2 paper ([1]) submitted during the study item phase, but not discussed in detail at that time; thus it is brought up again for further RAN2’s consideration.  
2. 
Discussion
Only few solutions have been discussed about Massive small cell deployment, e.g. extending the neighbor cell list (NCL) size and measurement event specific cell lists. This section provides one additional solution, specifically to the PSC confusion problem in CELL_DCH state, which is expected to largely re-use existing RRC signaling functionalities. 

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 (TS 25.331) of the Reference time difference to cell IE (as 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
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Conclusion

Based on the above considerations, the following is proposed to RAN2.
Proposal 1: RAN2 should further evaluate RRC optimizations for PSC disambiguation using multiple MCM/MRs with specific/different relative time difference identification for the same PSC.
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