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Introduction
In RAN-1 #66bis meeting, a WI on introducing at least one new carrier type in Rel-11 has been made with the goal of reduced/eliminated legacy control signaling and/or CRS. The main motivation in introducing a new carrier type has been identified as – a) enhanced spectral efficiency, b) improved support for Het Net, and c) energy efficiency. In subsequent RAN-1 #67 meeting, the support for both synchronized and unsynchronized carrier type has been made in the design of new carrier type.
In the RAN-1#68 meeting, further discussion on acquisition/synchronization/tracking and reference signals for the non-synchronized new carriers were held. In the email discussion [1] following the RAN-1#68 meeting, it was agreed to perform further evaluation for the – (1) CRS-based solution, and (2) CSI-RS based solution with a reduced bandwidth and/or a different periodicity from what is defined in Rel-8/9/10. The purpose of the evaluation is to study the performance of different options and have an initial view on what options with what type of configurations can provide sufficient time/frequency synchronization performance. It was agreed to use the following as the reference performance for time/frequency synchronization:
· FDD: the achievable performance for FDD with 1.4 MHz channel bandwidth and 6 MBSFN subframes configured, and with CRS transmitted on one antenna port.

· TDD: the achievable performance for TDD configuration 0 with 1.4 MHz channel bandwidth and with CRS transmitted on one antenna port.

· The evaluations for TDD configuration 1 may also be provided.

RAN1 may seek guidance from RAN4 at a later stage when it is considered necessary.

Further evaluation assumptions were also provided in Table 1 of [1]. In this contribution, we provide our evaluation results on the CRS-based solution for the non-synchronized new carrier type.
Synchronization/tracking of frequency and timing offset
· At UE, a typical frequency and time synchronization method can be performed in the following two separate stages

· Initial coarse estimation of frequency (integer multiple of subcarrier spacing ∆f) and time (Subframe and Frame synchronization)

· Fine frequency and time tracking
Given the working assumption of the presence of PSS/SSS sequence, we assume that initial coarse frequency and time estimation will be performed based on the PSS/SSS sequence. For fine tracking of frequency and time, the synchronization is based on the availability and configurations of CRS and/or CSI-RS. In this contribution, we performed simulations using different configurations of reduced bandwidth (BW) and increased periodicity of CRS signals for a 10MHz transmission. The following configurations were considered:
· FDD baseline in [1] for 1.4MHz BW: 6 subframes in a frame are configured as MBSFN subframes which contain CRS only in 1 symbol position. The rest 4 subframes in a frame are regular subframe and contain Rel-8 CRS in 4 symbol positions.
· Rel-8 CRS  for 10MHz bandwidth

· Down-sampling CRS in frequency (i.e. reduced CRS BW)

· Centralized down-sampling in frequency: 

· Reduced BW CRS transmission to  central 6 PRBs
· Reduced BW CRS transmission to central 18 PRBs
· Distributed down-sampling in frequency: As the example shown in Figure 1, a cluster of 6PRBs in central 6RBs, and a cluster of 6PRBs at the beginning and at the end of the BW are configured for CRS transmission.
	
[image: image1.emf]frequency


Figure 1: Distributed down-sampling in frequency


· Down-sampling in time (i.e. increased CRS periodicity)
· Directly down-sampling in time by using increased CRS periodicity. Instead of Rel-8 based 1 ms CRS repetition period, we use a 5 ms repetition period for CRS.

· Indirectly down-sampling in time by configuring 6 subframes in frame as MBSFN subframes. This configuration is similar to the FDD baseline in [1], however, extended for 10MHz bandwidth. Since MBSFN subframes contain CRS only in non-MBSFN region, therefore, each MBSFN subframe contains CRS only in 1 symbol position. In contrast the non-MBSFN subframes contain CRS in 4 symbol position. 
· Down-sampling both in Frequency and Time: CRS with 5ms periodicity and distributed 18 PRBs.
In Figure 2(a), (b) and (c), the cumulative distribution function (CDF) plot of residual carrier frequency offset after estimation and correction are provided at SNR value of -8, 0 and 8 dB, respectively. Similarly, in Figure 3(a), (b) and (c) the CDF plot of residual timing offset are provided at SNR -8, 0 and 8 dB, respectively. The simulation assumptions are provided in Appendix (Table 2). 
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 Figure 2: CDF vs. Residual carrier frequency offset (Hz) for different SNR values
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Figure 3: CDF vs. Residual timing offset (us) for different SNR values



Table 1 Overhead and performance comparison between different schemes
	
	Number of REs used for CRS (in decreasing order)
	Associated Overhead (%)
	Frequency Offset Improvement over FDD baseline at 10% carrier frequency offset CDF value at -8dB SNR
(Hz)
	Timing Offset Improvement over FDD baseline at 10% timing offset CDF value at -8dB SNR
(s)

	Rel-8 CRS w. single AP
	4000
	4.76
	181
	0.926

	CRS in 50PRBs             (6 MBSFN subframes in a frame)
	2200
	2.62
	151
	0.75

	CRS in center 18PRBs
	1440
	1.71
	123
	0.716

	CRS in distributed 18PRBs 
	1440
	1.71
	128
	0.716

	CRS in 50PRBs         (5ms period)
	800
	0.95
	117
	0.687

	CRS in center 6PRBs
	480
	0.57
	32
	0.288

	CRS in distributed 18PRBs ( 5ms period)
	288


	0.34
	21
	0.323


The performance and overhead comparison among different schemes are summarized in Table 1. In Table 1, the overhead is calculated using one antenna port CRS transmission over a frame (i.e., 10ms period) for a 10MHz bandwidth system. In addition, the performance improvement over the FDD baseline at -8dB SNR is provided for both frequency and time tracking. 

In terms of performance, the indirect down-sampling in time (using 6 MBSFN subframe configured in a frame) is close to the Rel-8 based CRS performance. However, the overhead associated with this scheme (2.62%) is still high, and further overhead reduction is desirable. The performance of CRS down-sampling in frequency with 18 PRBs (both distributed and centralized allocation with 1.71% OH) is close to the indirect down-sampling in time scheme (using MBSFN subframe with 2.62 % OH). The CRS down-sampling in time with 50PRBs has much lower overhead (0.95%), with comparable performance to 18PRBs frequency down-sampling (1.71% OH). Even though the overhead (0.57%) associated with down-sampling in frequency with centralized 6PRBs is very low, the performance degradation is in general large. Distributed 18 PRBs CRS transmission with a 5ms periodicity has similar performance as the 6PRBs based down-sampling in frequency with even lower overhead (0.34%).
Summary and Conclusions
Based on the above analysis and discussion, the following observations are found:
· Different CRS overhead reduction schemes can be considered for frequency/time tracking purpose.

· Down-sampling CRS in time is feasible from overhead reduction and frequency/time tracking performance perspectives. 
· CRS in entire BW (50 PRBs) but down-sampled in time with 5ms periodicity provides a good trade-off in terms of performance and associated overhead for the scenarios under evaluation. 
Appendix
Table 2 Simulation Settings

	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	10MHz

	Channel Model
	EVA

	Vehicular Speed
	100 km/hr

	Frequency Offset for Figure 1(a), (b) and (c)
	Uniformly distributed in [-500,500] Hz

	Time Offset for Figure 2(a), (b) and (c)
	Uniformly distributed in [-1.175, 1.175] s

	Antenna Setup
	1 Tx 2Rx

	Tx/Rx Antenna correlation
	Uncorrelated

	Frequency / Timing offset estimation algorithm
	Correlation based

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	5 ms
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