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1 Introduction
A work item for carrier aggregation enhancements for LTE Release 11 was approved and updated in RAN #51 and #52 respectively [1]

 REF _Ref300332229 \r \h 
[2] and at RAN1 meeting #66bis, a working assumption was agreed to introduce a new carrier type in Rel.11. The main scenarios and use cases for additional carrier types are discussed in [3]. Specifically, energy efficiency, flexible spectrum usage and heterogeneous network deployments are identified as key benefit areas that a CRS-free additional carrier should be designed for. Some design principles that can help in achieving these benefits are discussed in [4]. 

Maintaining time and frequency synchronization and performing mobility measurements is one of the functions facilitated by the CRS. This paper presents the performance of some options for synchronization without CRS. Specifically, the use of CSI-RS or new signals occupying some CRS locations is evaluated as a potential reference for time and frequency synchronization maintenance on the additional carrier. The evaluation assumptions agreed to in the email discussions subsequent to RAN1 #68bis are used [8].
2 Synchronization maintenance without CRS
This section discusses options that may be used as a potential reference for maintaining synchronization on additional carriers in the absence of the CRS. Two patterns considered are shown in Figure 1 below. In Figure 1, two CSI-RS are used in one subframe or in two successive subframes as shown. The CSI-RS based patterns are assumed to occupy the whole bandwidth per Rel-10 compatibility.

[image: image1]
Figure 1: CSI-RS based pattern options for synchronization

Performance is also evaluated for new patterns that use the locations of the current CRS pattern for only one antenna port in some reduced configuration. The reduced patterns considered occupy the locations for 1 CRS port in various combinations of RBs and subframes. Specifically, the combinations evaluated are 

1) 6 RBs in 1 out of every 5 subframes
2) 6 RBs in 5 out of every 5 subframes

3) X RBs in 1 out of every 5 subframes, where X = 15, X = 25, X = 50.

4) TDD configuration 0 with special subframe size 3 OFDM symbol in 6 RBs (baseline)

5) TDD configuration 0 with special subframe size 12 OFDM symbols in 6 RBs (baseline)

6) TDD configuration 1 with special subframe size 12 OFDM symbols in 6 RBs

7) FDD MBSFN configuration with 3 MBSFN subframes out of every 5 subframes (baseline)

The new patterns above are different from the CRS patterns in that they are not transmitted in the other subframes and/or in the other RBs within a 5 ms period. In order to distinguish these patterns from the Rel-8 compliant CRS, we refer to these patterns generally as the eSS. The eSS patterns in the 5 ms period are then repeated in subsequent periods. This is the same for the patterns shown in Figure 1 as well. 

3 Performance

Synchronization performance was evaluated via simulations in an EVA and EPA channel environment. The key parameters used for the simulation are derived from the evaluation document [8]. A summary of the key parameters is shown in Table 1. The detector used was a time-frequency correlator that performs a correlation over 1 subframe of the basic pattern for each signal and combines results in a non-coherent manner across subframes. 
	Parameter
	Value

	Signal bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA, EPA

	Vehicular speed
	100 km/hr (EVA), 3 k/hr (EPA)

	Initial frequency uncertainty
	Uniform in +/- 500 Hz

	Initial time uncertainty window
	Uniform in +/- 1.175 μs

	Measurement time
	5, 10, 50 ms


Table 1: Simulation parameters
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Figure 2: Time and frequency synchronization performance of the CSI-RS based patterns in an EVA channel at 100 km/hr using measurements over 5 ms.
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Figure 3: Time and frequency synchronization performance of the eSS patterns in an EVA channel at 100 km/hr using measurements over 5 ms.
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Figure 4: Standard deviation of time and frequency synchronization errors of the CSI-RS based patterns in an EVA channel at 100 km/hr using measurements over 5 ms.
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Figure 5: Standard deviation of time and frequency synchronization errors of the eSS patterns in an EVA channel at 100 km/hr using measurements over 5 ms.
 [image: image10.emf]-8 -6 -4 -2 0 2 4 6 8

0

1

2

3

4

5

6

7

x 10

-7

SNR

Std. Deviation (s)

Measurement interval 10 ms

 

 

TDD config 1, DwPTS 12, 6 RB

TDD config 0, DwPTS 12, 6RB

TDD config 0, DwPTS 3, 6 RB

2xCSI-RS in 1 SF

2xCSI-RS in 2 SF

 [image: image11.emf]-8 -6 -4 -2 0 2 4 6 8

20

40

60

80

100

120

140

160

180

200

SNR

Std. Deviation (Hz)

Measurement interval 10 ms

 

 

TDD config 1, DwPTS 12, 6 RB

TDD config 0, DwPTS 12, 6RB

TDD config 0, DwPTS 3, 6 RB

2xCSI-RS in 1 SF

2xCSI-RS in 2 SF


Figure 6: Standard deviation of time and frequency synchronization errors of the CSI-RS based patterns in an EVA channel at 100 km/hr using measurements over 10 ms.
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Figure 7: Standard deviation of time and frequency synchronization errors of the eSS patterns in an EVA channel at 100 km/hr using measurements over 10 ms.
Time and frequency synchronization performance for the considered signals are shown in Figures 2-7. Figure 2 shows the cumulative distribution functions of the time and frequency synchronization errors for the CSI-RS based patterns shown in Figure 1 along with the performance of the baseline schemes. A measurement interval of 5 ms is used and performance at a low SNR point of -8 dB is shown. Figure 3 shows similar performance curves for the eSS patterns. Figure 4 and Figure 5 show the standard deviation of the time and frequency synchronization errors for the CSI-RS and eSS based patterns respectively as a function of SNR. It should be noted that both the CDFs and the standard deviations should be used to obtain a sense of the performance since the standard deviation may be quite sensitive to outliers. Performance of TDD configuration 1 with the DwPTS subframe of length 12 (12 OFDM symbols of CRS) is comparable in performance to that of the FDD MBSFN configuration (11 OFDM symbols of CRS) in most cases and hence is used in all figures (except Figure 4) as a baseline reference for ease of presentation. Similarly, the performance of the eSS with 1 in 5 subframes and 6 RBs is slightly worse than the performance of TDD configuration 0 with DwPTS of length 3 symbols. Due its similarity with this configuration, its performance is not shown except in Figure 4 due to space constraints. Figure 4 shows the standard deviations for both the FDD MBSFN and the eSS with 1 in 5 subframe cases for reference. Figure 6 and Figure 7 show the performance for a measurement interval of 10 ms. Further results in an EPA environment at 3 km/hr are shown in Appendix section 6.1 and the performance for a measurement interval of 50 ms is shown in Appendix section 6.2. The figures show that 
· The performance of most of the schemes considered exceeds the performance of the considered baseline schemes. 
· Generally, the patterns that have bandwidth occupancy greater than 6 RBs perform better for time estimation than the patterns with only 6 RB bandwidth occupancy and perform comparably for frequency estimation. 
· The CSI-RS based patterns exhibit adequate performance with the pattern in one subframe being less susceptible to outliers at lower SNRs.

· The patterns with 50 and 25 RBs in 1 out of every 5 subframes are the best considering both time and frequency estimation. 
· The pattern with 15 RBs in 1 out of every 5 subframes is uniformly better than the baseline pattern. It is also comparable for time estimation to the pattern in 6 RBs in every subframe but is slightly worse for frequency estimation. 
Given the motivations for the new carrier type, and the above performance results, one of the patterns that uses 1 in 5 subframes is a good choice. While the pattern using 50 RBs is the best, the pattern using 25 RBs is a very good choice if some bandwidth reduction is desired when operating at bandwidths greater than 5 MHz. The pattern using 15 RBs allows for even more overhead reduction while improving performance over the current baseline and may also be used. Note that the overhead for the 15 RB pattern is lower than the overhead for the FDD MBSFN configuration baseline while it improves time estimation performance in some cases due to its greater bandwidth occupancy. Finally, the dual CSI-RS pattern within one subframe is also a good choice and is universally better than the baseline schemes. 
4 Conclusions

The performance of time and frequency synchronization using various reference signal patterns in the absence of CRS was evaluated. Performance of many patterns based on CSI-RS or new eSS occupying some of the CRS locations was evaluated. Based on the evaluations we conclude that

· It is feasible to maintain time and frequency synchronization on the additional carrier without the legacy Rel-8 CRS

· It is feasible to compensate for the absence of the CRS for synchronization purposes by the use of some combination two CSI-RS signals or the use of new eSS signals in some of the CRS locations.

Proposal: Independent of deployment scenario, the new carrier type should have its synchronization reference signal based on one of the following options:

· An eSS signal that occupies some of the Rel-8 CRS locations in 15, 25 or all RBs in one out of every 5 subframes. 
· A CSI-RS based signal that uses a combination of two CSI-RS signals.
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6 Appendix

6.1 Results in an EPA environment at 3 km/hr
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Figure 8: Time and frequency synchronization performance of the CSI-RS based patterns in an EPA channel at 3 km/hr using measurements over 5 ms.
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Figure 9: Time and frequency synchronization performance of the eSS patterns in an EPA channel at 3 km/hr using measurements over 5 ms.
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Figure 10: Standard deviation of time and frequency synchronization errors of the CSI-RS based patterns in an EPA channel at 3 km/hr using measurements over 5 ms.
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Figure 11: Standard deviation of time and frequency synchronization errors of the eSS patterns in an EPA channel at 3 km/hr using measurements over 5 ms.
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Figure 12: Standard deviation of time and frequency synchronization errors of the CSI-RS based patterns in an EPA channel at 3 km/hr using measurements over 10 ms.

[image: image24.emf]-8 -6 -4 -2 0 2 4 6 8

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

-7

SNR

Std. Deviation (s)

Measurement interval 10 ms

 

 

TDD config 1, DwPTS 12, 6 RB

1 in 5 SF, 50 RBs

1 in 5 SF, 25 RBs

1 in 5 SF, 15 RBs

5 in 5 SF, 6 RBs

[image: image25.emf]-8 -6 -4 -2 0 2 4 6 8

0

20

40

60

80

100

120

140

160

180

SNR

Std. Deviation (Hz)

Measurement interval 10 ms

 

 

TDD config 1, DwPTS 12, 6 RB

1 in 5 SF, 50 RBs

1 in 5 SF, 25 RBs

1 in 5 SF, 15 RBs

5 in 5 SF, 6 RBs


Figure 13: Standard deviation of time and frequency synchronization errors of the eSS patterns in an EPA channel at 3 km/hr using measurements over 10 ms.

6.2 Results in an EVA environment with 50 ms measurement interval
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Figure 14: Time and frequency synchronization performance of the CSI-RS based patterns in an EVA channel at 100 km/hr using measurements over 50 ms.
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Figure 15: Time and frequency synchronization performance of the eSS patterns in an EVA channel at 100 km/hr using measurements over 50 ms.
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Figure 16: Standard deviation of time and frequency synchronization errors of the CSI-RS based patterns in an EVA channel at 100 km/hr using measurements over 50 ms.
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Figure 17: Standard deviation of time and frequency synchronization errors of the eSS patterns in an EVA channel at 100 km/hr using measurements over 50 ms.
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