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1 Introduction
A CRS-like signal (referred to as Reduced CRS (RCRS)) is adopted to provide for time- and frequency synchronization on the NCT. According to the RAN1#68bis agreement:  
· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity.

The RAN1#68bis agreement further says that the RCRS is not used for demodulation. In this contribution, we discuss antenna port definition for the RCRS, which has so far not been decided.
2 Antenna port definition
Basically two options could be considered for antenna port, including either defining a new antenna port or reusing an existing antenna port. Since the RCRS is not used for demodulation
 and the CRS is assumed to not be present on the NCT, one option is to specify a new cell-specific antenna port for transmitting the RCRS, having no relation to any other antenna port. 
The other option is to reuse an existing cell-specific antenna port for transmitting the RCRS. In the absence of the CRS, the only option then appears to be reusing the antenna port transmitting the PSS and SSS. In the existing LTE system, the PSS and SSS are transmitted on the same antenna port and it is left for implementation how to arrange this antenna port, e.g., it could change subframe by subframe. Thus, it could not be assumed that the CRS was transmitted on the antenna port of the PSS and SSS. A main reason for this was that the CRS is used for demodulation and it should be possible to interpolate channel estimates over subframes. For the RCRS, this restriction may not apply and using the same antenna port as for PSS and SSS is possible which would allow: 
-Improved cell ID detection performance

The PSS and SSS do not offer any error correction/detection capability which could guarantee that the correct cell ID is found and existing UE implementations may rely on utilizing CRS detection for verifying the cell ID obtained from the PSS and SSS. For example, both the modulation sequence and the time-frequency resources of the CRS depend on the cell ID. Thus, once the PSS and SSS detection step is finished, resulting in a cell ID candidate, a cell ID is also to be detected from the CRS (e.g., antenna port 0) and should equal that obtained from the PSS and SSS, in order to successfully complete the cell search. 
In the current LTE system, CRS detection has to be noncoherent since antenna ports 0-3 have no relation to any other cell-specific antenna port. On NCT, for a given acquisition time, there will be fewer subframes containing RCRS compared to the number of subframes containing CRS on an existing LTE carrier. This may cause worse detection performance but cell search should preferably not take longer time on the NCT even though it has a sparse RCRS. However, if the RCRS is transmitted on the same antenna port as PSS/SSS, once the PSS and SSS detection step is finished, both the PSS and the SSS can be used as reference symbols for channel estimation, thereby enabling coherent detection of the RCRS to verify the cell ID. Fig. 1 shows an example of the cell ID detection error probability utilizing RCRS from one subframe, according to Table 1, for coherent and noncoherent detection, respectively. The noncoherent result can also be interpreted as the performance of CRS detection of antenna port 0 from one subframe in the existing LTE system, or for the case where a new antenna port is defined for the RCRS. It can be seen that significant performance improvements are feasible by coherent detection, i.e., reusing the PSS and SSS antenna port. 
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Figure 1. Error probability for detecting the cell ID utilizing RCRS in one subframe for an ETU 3 km/h channel.
 -Standard transparent transmit diversity

The PSS and SSS can benefit from standard transparent transmit time-diversity by means of precoding vector switching (PVS), i.e., usage of different precoding vectors among subframes [1]. Thus, gains can be expected as PSS and SSS detection typically is performed from multiple subframes. The same diversity gains could therefore be achieved for the RCRS as well, when using the PSS and SSS antenna port. This would offer averaging gains, in case detection or measurements are made from RCRS in multiple subframes. 

-Balanced detection performance between synchronization signals and RCRS 

Once the cell has been detected from the PSS and SSS, the RCRS will be used for time- and frequency synchronization or for RRM measurements (pending decision on using RCRS for RRM). In order to perform these operations reliably, a similar signal quality should be maintained on the RCRS as for the PSS and SSS. For example, it would not be beneficial if PSS/SSS is received with high signal quality whereas RCRS has very poor signal quality and vice versa. This could automatically be avoided if the RCRS uses the same antenna port as PSS and SSS. Due to the coupled operation of the PSS/SSS and the RCRS, a similar signal quality would allow starting these operations directly following the PSS/SSS detection. 
3 Conclusions

Two options of antenna port for the Reduced CRS have been identified:
-A new antenna port is defined for the Reduced CRS, or
-The same antenna port as for the PSS and SSS is used for the Reduced CRS
If the Reduced CRS is transmitted on the same antenna port as the PSS and SSS, it would facilitate:

-Improved cell ID detection performance

-Standard transparent transmit diversity

-Balanced detection performance between synchronization signals and Reduced CRS 
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Appendix
Table 1. Simulation parameters.
	Parameter
	Value

	Channel model
	ETU, 3 km/h

	Number of antennas
	1 TX, 2 RX (antenna correlation (=0)

	System bandwidth
	1.4 MHz

	PSS/SSS detection
	Ideal

	Residual frequency offset error
	Uniformly distributed in [-200,200] Hz

	Residual timing error 
	None

	Number of RCRS sequences
	504

	Detection algorithm
	-Coherent

Matched filter in frequency domain

Sequence length 48 REs (1 subframe)

Channel estimation from both PSS and SSS

-Noncoherent

Matched filter in frequency domain

Sequence length 48 REs (1 subframe)






















































































� Note: If the agreement would be reverted and the RCRS is to be used for demodulation, a new separate antenna port for RCRS appears to be the only option.





