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1 Introduction

In last RAN1 meeting, the synchronization for new carrier type is extensively discussed. It is concluded as working assumption that the Rel-8 PSS/SSS will be transmitted in new carrier type and no new detection/acquisition signals will be designed on the topic. 
2 Discussion

A few candidates of signals for detecting/maintaining synchronization are indentified. Those are: CRS reduced in frequency domain, longer periodicity of CRS transmitting cycle, and CSI-RS or double CSI-RS.
2.1 Reference Signals for the New Carrier Type
The reference signals in new carrier type should be sufficiently support certain time frequency accuracy. We refine the simulation results from [1]. The simulation assumption for the time interval and others is based on the conclusion from email discussion.
In the updated simulation, CSI-RS are mapped into the intermediate 6RBs of the corresponding system bandwidth. Pattern of CSI-RS is following the Rel-10 standard, and the period is configured to 5ms.

Pattern of sub-band CRS is following the Rel-8 standard. The estimation period is configured to 1ms and 5ms. Sub-band CRS are mapped into the intermediate 6RBs of the corresponding system bandwidth. 
The detailed simulation assumptions are in Annex.
Tracking performance of the three mentioned reference signals in EVA channel is demonstrated in Figure 1 and Figure 2.
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Figure 1. Time synchronization performance using CSI-RS and Sub-band CRS under EVA.
[image: image3.emf]-800 -600 -400 -200 0 200 400 600 800

0

10

20

30

40

50

60

70

80

90

100

C.D.F.[%]

Frequency Error[Hz]

EVA Channel SNR= -8db 

 

 

Sub-CRS-1ms

Sub-CRS-5ms

sub CSI-RS

[image: image4.emf]-500 -400 -300 -200 -100 0 100 200 300 400 500

0

10

20

30

40

50

60

70

80

90

100

C.D.F.[%]

Frequency Error[Hz]

EVA Channel SNR= 0db 

 

 

Sub-CRS-1ms

Sub-CRS-5ms

sub CSI-RS


Figure 2. Frequency synchronization performance using CSI-RS and Sub-band CRS under EVA.
In EVA channel, as shown in figures, when at a low SNR point of -8dB, CSI-RS, compared to the other two signals, have slightly worse performance in time estimation. The CSI-RS suffers a significant degradation for frequency synchronization in -8dB SNR. At a higher SNR of 0dB, most of time estimation curves of the above-mentioned signals are converged. The frequency synchronization performance of CSI-RS still have significant gap to the other two signals.
Regarding which signal is needed for time/frequency acquisition, based on the simulation results, we provide the following observations on the above-mentioned signals:
· Sub-band CRS 

·    The sub-band CRS with both 1ms and 5ms periodicity can all achieve sufficient performance. When the CRS is configured with 5ms periodicity the sub-band CRS should be in #2 and #7 or in  #3 and #8 to get even density in time domain.
· CSI-RS 
·    CSI-RS timing performance is slightly worse than sub-band CRS, but the frequency performance is not sufficient. 
· CRS 

·   It will always have better performance than others. The time domain configuration should be even as recommend in sub-band CRS.
It should be noted the double CSI-RS can only achieve performance comparable to CRS/sub-band CRS with diagonal estimation as we had observed in [1].
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Figure 3: Double CSI-RS patterns for synchronization
Pattern of Double CSI-RS, as can be seen in Figure 3 is in the form of double-RE groups selected from eight illustrated RE groups in the direction of the blue lines. The group 3 and 5 is one example of diagonal estimation. This diagonal estimation required modification of CSI-RS pattern.
2.2 Time-frequency location of PSS/SSS 
Synchronized carriers can mute PSS/SSS. UEs only sync with the corresponding legacy carrier. Meanwhile, absence of PSS/SSS on the new carrier type can avoid UEs access into the new carrier type.
For unsynchronized carriers, from the perspective of the UE receiver, timing errors may exist between the new carrier type and the corresponding legacy carrier. So PSS/SSS can be used to maintain synchronization between UE and the new carrier type.
Time-frequency location of PSS/SSS has two alternatives:
Alt.1: Reusing the Rel-8 PSS/SSS time-frequency location in the new carrier type. UEs cannot receive legacy system information from new carrier type. So, UEs will stop to access after the failure of the receiving system information.
Alt.2: Using the new PSS/SSS time-frequency location. The PSS/SSS transmission does not meet multiples of 100 kHz and prevent UEs from acquiring it. This alternative will introduce UE detect more frequency combination of PSS/SSS.

Also taking into account the standardization workload, we prefer that Alt.1.
3 Conclusion
In this contribution, we have shown our simulation based on the converged simulation assumption. We conclude that the sub-band CRS with 5ms periodicity is preferred as it gives performance close to legacy CRS in time/frequency acquisition. We also suggest the time domain configuration should be even with the consideration of PSS/SSS transmission.
We suggest that PSS/SSS transmit in same time-frequency as Rel-8 in the new carrier type. 
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5 Annex 
Table 1 simulation assumptions
	Parameter
	Value

	Channel bandwidth
	10 MHz 

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h 

	Initial frequency uncertainty
	Uniformly distributed in [- 500, +500] Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs


	Periodicity for CRS (if used)
	1ms and 5ms 

	Periodicity for CSI-RS (if used)
	5 ms 

	Reduced bandwidth for CRS or CSI-RS
	6 PRBs 

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	1 

	SNR
	-8 dB 0 dB 









































































































































































































































































































































� The initial time uncertainty window length is half of the CP length, assuming the initial coarse time estimation is done in the acquisition phase.
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