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1. Introduction
One of the main objectives of the small cell enhancement– physical layer aspects WI is to define mechanism for enhanced discovery of small cells [1]. RAN1 agreed the following requirements for new discovery mechanism during the study item period [2]:

· If new discovery mechanism is defined, new discovery mechanism should consider the design criteria that UE is able to detect and measure at least A strongest cell(s) including the strongest cell within RSRP gap of B dB
· Sensitivity threshold, C is needed as well
· A >= 1
· B >= 0
· Note that A, B, and C need to be discussed
· RSRP gap is the gap from the strongest RSRP cell
· Reliability requirement of detection probability, D by discovery signal up to E second needs to be discussed
· Accuracy requirement of measurement, F by discovery signal up to G second needs to be discussed
· Note that achievability of those values depend on deployment scenarios
In this contribution, we discuss PSS/SSS/CRS based discovery mechanism, and express our view. 
2. Discussion
RAN1 identified that existing signals such as (i) PSS/SSS/CRS with interference cancellation (IC) receiver or muting, (ii) CSI-RS and (iii) PRS could be used to define the new discovery signal. Evaluation results in [3] revealed that PSS/SSS/CRS based detection with IC receiver or muting could achieve the performance requirements for small cell discovery. Therefore, we consider the following two discovery signal design options based on legacy PSS/SSS/CRS. 
· Option-1: Enhanced PSS/SSS/CRS with IC receiver. 

· Option-2: Enhanced PSS/SSS/CRS with muting
Option-1: Enhanced PSS/SSS/CRS with IC receiver
In this option, reduced PSS (R-PSS), reduced SSS (R-SSS) and reduced CRS (R-CRS) in time domain are transmitted in number of burst (NB) with long and fixed “discovery signal periodicity” (TDSP) during “off” period. 
· CRS port#0 could be considered for R-CRS, and the bandwidth is FFS. 

There is no new discovery signal transmitted during the cell on period. This is illustrated in Figure 1. TDSP should be in the order of 100ms in order to reduce small cell on/off transition time. It is desirable to have NB equal to 1, but the exact values are to be decided based on the design performance requirements such as the number of detectable cells and detection probability. 
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Figure 1: Discovery signal (DS) design Option-1
The Rel-12 UE will consider the R-PSS/R-SSS/R-CRS with signal periodicity of TDSP, as discovery signal (DS) for small cell detection and inter-frequency measurements for both on and off cells. The network could provide some signalling to indicate the UE the approximate timing of R-PSS/R-SSS/R-CRS burst occurrence. The UE shall use the IC receiver to achieve the cell detection performance requirements. 

Option-2: Enhanced PSS/SSS/CRS with muting
In this option, additional PSS and SSS sequences (PSS-2/SSS-2) are transmitted with long and fixed “discovery signal periodicity” (TDSP) during the cell off and on period. This is illustrated in Figure 2, where
· legacy signals PSS/SSS/CRS are transmitted only during on period, 

· new discovery signal consisting PSS-2/SSS-2 are transmitted during “on” and “off” period, and 
· reduced CRS (R-CRS) also transmitted along with the PSS-2/SSS-2 during off period.  

We consider small cells support legacy UEs and thus muting cannot be used with legacy PSS/SSS during the on period. Therefore, PSS-2/SSS-2 is introduced so that interference on cell detection performance can be controlled by muting. 
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Figure 2: Discovery signal (DS) design Option-2

Rel-12 UE will consider the PSS-2/SSS-2/R-CRS with signal periodicity of TDSP, as the discovery signal (DS) for cell detection and inter-frequency measurements. The network shall provide the muting pattern to the small cells for interference coordination.  The discovery signal and muting pattern are cell-specific, and could be defined either by semi-static signalling or by implicit signalling such as based on Cell_ID. Rel-12 UE could detect the required number of cells during the “discovery measurement period” (TDMP), without using IC receiver. 
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Figure 3: Discovery signal mutting in Option-2
PSS-2/SSS-2 shall be transmitted in the selected PSS/SSS legacy subframes, as illustrated in Figure 4, where

· PSS-2 is mapped to:

· 3rd OFDM symbol of slot#0 of subframe#0 and/or subframe#5 for FDD

· 2nd OFDM symbol of slot#1 of subframe#0 and/or subframe#5 for TDD

· SSS-2 is mapped to:

· 2nd OFDM symbol of slot#0 of subframe#0 and/or subframe#5 for FDD

· 6th OFDM symbol of slot#0 of subframe#0 and/or subframe#5 for TDD
PSS-2 and SSS-2 sequence could be constructed by modifying legacy PSS/SSS sequence. For example, 

· legacy PSS sequence with different root indices could be used as PSS-2 sequence, and  

· legacy SSS sequence with different cyclic shift could be used as SSS-2 sequence. 

However, legacy UE would not be able to detect the discovery signal since PSS-2/SSS-2 sequences are different from legacy signals. 
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Figure 4: PSS-2/SSS-2 mappings for FDD and TDD

The main drawback with this option is the restriction on scheduling legacy UEs in the centre six PRBs of DS subframes. Legacy UEs will not be aware of the presence of PSS-2/SSS-2, and there will be performance degradation if PDSCH is scheduled for these legacy UEs along with the DS. Table 1 lists the pros and cons for Option-1 and Option-2.  

Table 1: Comparison of Option-1 and Option-2
	
	Option-1 (PSS/SSS/CRS with IC receiver)
	Option-2 (PSS/SSS/CRS with muting)

	Pros
	Low specification impacts
	Medium specification effort if PSS-2/SSS-2 design is based on legacy PSS/SSS. 

	
	
	No increase in UE implementation complexity (No IC receiver required)

	
	
	No UE power consumption issue for legacy idle UEs since they cannot find the off cells

	Cons
	Increase in UE implementation complexity (IC receiver required)


	PDSCH performance for legacy UE might degrade if scheduled in these subframes.

	
	Cell detection performance depends on number of samples (R-PSS/R-SSS/R-CRS burst (NB))
	Overhead increase due to PSS-2/SSS-2.  

	
	UE power consumption for legacy idle UEs since they can find the off cells
	


3. Conclusion

We presented two discovery signal design options based on legacy PSS/SSS/CRS, and suggest considering enhancing PSS/SSS based cell detection either with IC receiver or muting.  

References

[1]

RP-132073, “Small cell enhancements-physical layer aspects”, WI descriptions

[2]   RAN1#75 Chairman notes
[2]
TR36.872, “Small cell enhancements for E-UTRA and E-UTRAN – Physical-layer aspects”, V12.1.0
