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1 Introduction

The reference signals to be used for time and frequency synchronization for the unsynchronized carrier case was discussed at length in RAN1#68. A major objective is to provide for synchronization while reducing the overhead. The main options include using the CRS, possibly with some form of reduction in frequency and/or time, or the CSI-RS, albeit then with some form of densification in frequency and/or time. In this contribution we discuss suitable reference signal design and evaluate the time and frequency synchronization performance on a new carrier type according to [1].  
2 Reference signals for synchronization

Existing UE implementations can be assumed to use the CRS for time and frequency synchronization since this was one of the objectives for its design [2]. Introducing new signals for the same purpose, provided for by existing signals, is a duplication that would imply cost/complexity increase in the UE and should be avoided. Furthermore, all existing demodulation and RRM performance requirements are based on that synchronization can be made from the CRS. A reuse of the requirements should be prioritized to minimize the impact to the specifications and indirectly also to the implementations. A CRS-based signal for synchronization fulfills these essential prerequisites [3].
The key property for a new downlink carrier type is that the eNodeB should have means for controlling the time-frequency resources for transmission of the control channels and reference signals [3]

 REF _Ref318960882 \r \h 
[4]. This would allow overhead reductions, ability to better handle inter-cell interference and being able to control the effective bandwidth of the carrier, similar to what is already available for the uplink today. The ePDCCH is clearly being designed in this direction. Likewise, reference signals on a new carrier type cannot then be mandated to wideband transmission. A frequency reduced CRS, keeping the same density within a PRB but with reduced number of PRBs, would be the obvious way to accommodate this as well as offering improved spectral efficiency. In [5], we show that significant gains can be obtained in system performance for HetNet deployments for a CRS with reduced bandwidth.
The existing RSRP/RSRQ measurements are performed over a measurement bandwidth that is configurable (6, 15, 25, 50, 75, 100 RBs) and could be reused with a bandwidth reduced CRS [3]. It should be noted that reference signals with adjustable bandwidth is already common practice by means of the PRS, which has a configurable bandwidth (6, 15, 25, 50, 75, 100 RBs) [6] for the purpose of controlling the overhead and the positioning performance. The overhead of a 6 RB CRS is in the range 0.29%-4.76% [3] and appears sufficiently low. Additional overhead saving from a time reduced CRS needs to be put in respect to the impact of possibly requiring new performance requirements and a likely inability to reuse existing measurements.
( Bandwidth reduction of the CRS should be supported for time and frequency synchronization.  
3 Performance evaluation
While the PSS/SSS are known to the UE, there is no antenna port defined for the PSS/SSS, thus time averaging is not straightforward. In practice, the absence of frequency reuse of the PSS/SSS may lead to larger interference than on the reference signals, which would not be easily captured in link level simulations. Hence, in these evaluations, we assume that time and frequency synchronization is only performed from a reference signal and that the PSS/SSS is not relied upon.
3.1 Reference signal configurations

The simulation parameters are contained in Table 6 in Appendix B. The following reference signal configurations are evaluated. 

3.1.1 Configurations for FDD

1. 1.4 MHz, 6 PRB CRS, MBSFN subframes 1, 2, 3, 6, 7, 8
2. 10 MHz, 6 PRB CRS, MBSFN subframes 1, 2, 3, 6, 7, 8
3. 10 MHz, 6 PRB CRS
4. 10 MHz, 6 PRB CRS, no CRS in subframes 1, 2, 3, 6, 7, 8

5. 10 MHz, 15 PRB CRS, MBSFN subframes 1, 2, 3, 6, 7, 8
6. 10 MHz, 15 PRB CRS

7. 10 MHz, 50 PRB CSI-RS, 5 ms periodicity
3.1.2 Configurations for TDD

8. 1.4 MHz, 6 PRB CRS, UL/DL configuration 0, Special Subframe Configuration 6
9. 1.4 MHz, 6 PRB CRS, UL/DL configuration 1, Special Subframe Configuration 6
10. 10 MHz, 6 PRB CRS, UL/DL configuration 0, Special Subframe Configuration 6
3.2 Simulation results
The full set of results with CDFs of the synchronization errors are contained in Figs. 1-16 in Appendix A. This includes both the EVA and EPA channels and SNRs of -8 and 0 dB, respectively. Table 1 and 2 show the mean and the standard deviation of the absolute values of the errors, for the EVA channel at -8 dB SNR. Tables 3-5 in Appendix B contain results for SNR=0 dB as well as for the EPA channel.
3.2.1 Results for FDD

Table 1. Simulation results for FDD, EVA 100 km/h, SNR=-8 dB.

	Simulation case
	Time synchronization error [µs]
	Frequency synchronization error [Hz]

	
	Mean
	Std. dev.
	Mean
	Std. dev

	1
	0.1298
	0.0680
	25.4875
	22.2839

	2
	0.0686
	0.0459
	25.3486
	23.4016

	3
	0.0637
	0.0341
	16.2209
	15.2461

	4
	0.0911
	0.0617
	28.1952
	26.8659

	5
	0.0476
	0.0450
	16.0576
	15.0356

	6
	0.0371
	0.0372
	10.9334
	11.9691

	7
	0.0665
	0.0727
	213.4192
	196.6344


3.2.2 Results for TDD

Table 2. Simulation results for TDD, EVA 100 km/h, SNR=-8 dB.

	Simulation case
	Time synchronization error [µs]
	Frequency synchronization error [Hz]

	
	Mean
	Std. dev.
	Mean
	Std. dev

	8
	0.1530
	0.0870
	30.1294
	29.1608

	9
	0.1492
	0.0698
	21.3204
	18.2128

	10
	0.1019
	0.0804
	30.8893
	28.6699


3.3 Discussion  
For FDD, case 2 generally provides comparable performance to reference case 1. Case 3 shows that, when considering only normal subframes, the performance is considerably better than reference case 1. Hence, regardless of subframe configuration, it is feasible to use a bandwidth reduced CRS. Case 4 comprises a further overhead reduction in the time domain. The main effect of this is larger frequency errors, e.g., ~5 Hz for the standard deviation. Case 5 and 6 show that a CRS with a bandwidth of 15 RBs can significantly reduce the time and frequency errors further. Having a configurable bandwidth would thus be suitable and in line with the principle of the PRS as well as the configurable RSRP/RSRQ measurement bandwidths currently defined. While the set of existing bandwidths (6, 15, 25, 50, 75 and 100 RBs) may be reasonable, definition of bandwidths could in that case be left as FFS for RAN4.
For TDD, the bandwidth reduced CRS of case 10 also has comparable performance to the reference case 8 for both the time and frequency synchronization. A bandwidth reduction thus also appears feasible for TDD.
Case 7 shows that for the CSI-RS, the time synchronization performance is acceptable. However, it is expected to deteriorate relatively more when imposing a bandwidth reduction since it is less dense than the CRS. The effect of its longer periodicity is that the frequency synchronization breaks down. Hence, the CSI-RS cannot be used as a signal for synchronization. Basing synchronization on the CSI-RS would imply a new signal design with increased density. As discussed in Sec. 2, there is no merit of doing that, considering there is the possibility to reduce the density of the existing CRS, while keeping all its merits.  
Table 3 and 5 show that for SNR=0 dB, the standard deviations for the time synchronization errors are similar for all cases. The relative performance remains for the frequency synchronization errors, which are also smaller. For the EPA channel, Table 4 shows that the standard deviations of the errors are slightly larger than for the EVA channel but the relative order among the schemes mostly remains and that the same conclusions can be made. 

4 Conclusions
Reference signals on a new carrier type should not be mandated to wideband transmission. Reuse of and/or minimal impact to implementations, demodulation/RRM requirements and measurements should be prioritized. A bandwidth reduced CRS would be able to accommodate all this. The simulation results show that, at least, a bandwidth reduced CRS would be feasible in terms of synchronization performance. 
It is proposed that: 
( A CRS with configurable bandwidth is used for time and frequency synchronization.
( Reference signal bandwidths are FFS (for RAN4).  
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Appendix A
A.1 Performance of time tracking 
A.11  FDD EVA 100 km/h 
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Figure 1. FDD, EVA 100 km/h, SNR=-8 dB.



Figure 2. FDD, EVA 100 km/h, SNR=0 dB.
A.12  FDD EPA 3 km/h 
[image: image3.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing error(us)

CDF

FDD;EPA 3kmph;10ms;1T2R;-8dB

 

 

case1

case2

case3

case4

case5

case6

case7

 [image: image4.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing error(us)

CDF

FDD;EPA 3kmph;10ms;1T2R;0dB

 

 

case1

case2

case3

case4

case5

case6

case7


Figure 3. FDD, EPA 3 km/h, SNR=- 8dB.



Figure 4. FDD, EPA 3 km/h, SNR=0 dB.
A.13  TDD EVA 100 km/h 
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Figure 5. TDD, EVA 100 km/h, SNR=-8 dB.



Figure 6. TDD, EVA 100 km/h, SNR=0 dB.
A.14  TDD EPA 3 km/h 

[image: image7.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing error(us)

CDF

TDD;EPA 3kmph;10ms;1T2R;-8dB

 

 

case8

case9

case10

 [image: image8.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing error(us)

CDF

TDD;EPA 3kmph;10ms;1T2R;0dB

 

 

case8

case9

case10


Figure 7. TDD, EPA 3 km/h, SNR=- 8dB.



Figure 8. TDD, EPA 3 km/h, SNR=0 dB. 
A.2 Performance of frequency tracking
A.21  FDD EVA 100 km/h 
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Figure 9. FDD, EVA 100 km/h, SNR=-8 dB. 



Figure 10. FDD, EVA 100 km/h, SNR=0 dB.
A.22  FDD EPA 3 km/h 
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Figure 11. FDD, EPA 3 km/h, SNR=-8 dB.



Figure 12. FDD, EPA 3 km/h, SNR= 0 dB.
A.23  TDD EVA 100 km/h 
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Figure 13. TDD, EVA 100 km/h, SNR=-8 dB.


Figure 14. TDD, EVA 100 km/h, SNR= 0dB.
A.24  TDD EPA 3 km/h 
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Figure 15. TDD, EPA 3 km/h, SNR=-8 dB.



Figure 16. TDD, EPA 3 km/h, SNR=0 dB.
Appendix B

B.1 EVA 100 km/h, SNR=0 dB

Table 3. Simulation results for EVA 100 km/h, SNR=0 dB.

	Simulation case
	Time synchronization error [µs]
	Frequency synchronization error [Hz]

	
	Mean
	Std. dev.
	Mean
	Std. dev

	1
	0.1420
	0.0498
	11.8330
	12.3023

	2
	0.0788
	0.0253
	12.4187
	12.6134

	3
	0.0777
	0.0232
	11.1290
	11.9763

	4
	0.0795
	0.0306
	12.6308
	12.8968

	5
	0.0555
	0.0420
	9.7794
	11.5658

	6
	0.0493
	0.0385
	8.8901
	11.1739

	7
	0.0451
	0.0438
	47.0769
	38.3076

	8
	0.1486
	0.0588
	12.4450
	10.6537

	9
	0.1441
	0.0522
	10.8598
	9.8181

	10
	0.0812
	0.0344
	13.0914
	11.1649


B.2 EPA 3 km/h, SNR=-8 dB

Table 4. Simulation results for EPA 3 km/h, SNR=-8 dB.

	Simulation case
	Time synchronization error [µs]
	Frequency synchronization error [Hz]

	
	Mean
	Std. dev.
	Mean
	Std. dev

	1
	0.0402
	0.0703
	32.8808
	44.1404

	2
	0.0458
	0.0853
	31.9312
	43.2789

	3
	0.0355
	0.0648
	18.6698
	30.4610

	4
	0.0566
	0.1005
	34.8931
	44.1222

	5
	0.0354
	0.0658
	20.1199
	26.8081

	6
	0.0264
	0.0350
	10.0627
	15.9544

	7
	0.0328
	0.0624
	275.0118
	295.3835

	8
	0.0639
	0.1153
	34.6627
	46.3656

	9
	0.0446
	0.0782
	28.1155
	40.4720

	10
	0.0613
	0.1068
	33.8103
	45.9610


B3. EPA 3 km/h, SNR=0 dB

Table 5. Simulation results for EPA 3 km/h, SNR=0 dB.

	Simulation case
	Time synchronization error [µs]
	Frequency synchronization error [Hz]

	
	Mean
	Std. dev.
	Mean
	Std. dev

	1
	0.0121
	0.0216
	7.8525
	16.6717

	2
	0.0255
	0.0273
	6.7215
	12.1214

	3
	0.0245
	0.0257
	3.5678
	10.4204

	4
	0.0254
	0.0259
	7.6154
	12.2906

	5
	0.0242
	0.0198
	4.2661
	10.2316

	6
	0.0246
	0.0199
	2.2759
	9.7016

	7
	0.0203
	0.0195
	54.2947
	48.0315

	8
	0.0165
	0.0304
	7.0303
	12.0473

	9
	0.0124
	0.0174
	5.7925
	11.9830

	10
	0.0236
	0.0223
	7.1249
	13.2392


Appendix C

Table 6. Simulation parameters.
	Parameter
	Value

	Channel bandwidth
	10 MHz 

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h, EPA 3 km/h

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

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

	Time/frequency estimation algorithm
	Time tracking:
Time-domain detection of first arrival path
Feedback loop with exponential filter

Frequency tracking:

Frequency-domain correlation based estimation
Feedback loop with exponential filter

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	Averaging period 10 subframes
Measurement period 10000 subframes

	Periodicity for CRS (if used)
	1 and 5 ms 

	Periodicity for CSI-RS (if used)
	5 ms 

	Reduced bandwidth for CRS or CSI-RS
	6, 15 PRBs 

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	1 

	SNR
	-8 and 0 dB 

	PSS/SSS
	Transmitted as in Rel-8/9/10













































































