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Discussion and decision 
1 Introduction 
In RAN1#68, it was agreed that Rel-8 PSS/SSS sequences are transmitted in unsynchronised new carriers. Whilst the PSS/SSS can be used for the purpose of time and frequency synchronisation, it is generally recognised that tracking reference signals (TRS) are also needed for unsynchronised new carriers to enable the UE to achieve accurate time/frequency synchronisation.  
In this contribution, we propose some TRS designs and present our evaluation results according to the agreed simulation assumptions from the email discussion [1].  This contribution is a revision of R1-121616.
2 Tracking RS for unsynchronised carriers
As mentioned in our previous contributions [2][3], the bandwidth of the timing measurement signal is critical to the achievable time resolution because the time resolution is inversely proportional to the signal bandwidth; whereas the measurement signal for frequency tracking on the new carrier type should be transmitted with enough time density to support reliable frequency tracking and robustness against possible Doppler shifts.
In this contribution, we evaluate the performances of several CRS-based tracking reference signal (TRS) designs:

1. Wideband TRS based on 1-subframe CRS port 0 pattern with 1ms periodicity

· This is the same as the CRS port 0 transmission pattern for backward-compatible carrier and it serves as a reference for performance comparison. 

2. Wideband TRS based on 1-subframe CRS port 0 pattern with 5ms periodicity

· Overhead of TRS is reduced by lowering the duty cycle.
3. Wideband TRS based on 1-slot CRS port 0 pattern with 5ms periodicity
· TRS based on CRS port 0 is transmitted in the first slot of a subframe only. The benefit is further reduction of the TRS overhead. This is illustrated in Figure 1(b).
As per the agreed simulation assumptions, we also evaluate the performance of narrowband TRS designs (6PRB) for each of the above alternatives. 
We present our evaluation results in the next section.
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(a) Based on 1-subframe CRS port 0





(b) Based on 1-slot CRS port 0
Figure 1: TRS patterns
3 Simulation assumptions and results
Table 1 shows our simulation assumptions used for evaluating the performances of the TRS designs presented in the previous section. We assume PSS/SSS is transmitted as in Rel-8. For TRS transmission with 5ms periodicity, we assume the TRSs are transmitted in the same subframe as the PSS/SSS. We utilize both the TRS and the PSS/SSS for time synchronization but just the TRS for frequency synchronization.
From our time synchronization simulation results, we observe that the wideband TRS based on 1-subframe CRS port 0 pattern with 5ms periodicity and the wideband TRS based on 1-slot CRS port 0 pattern with 5ms periodicity can provide comparable performance for both EVA 100km/h and EPA 3km/h channels with respect to the performance of the wideband TRS based on 1-subframe CRS port 0 pattern with 1ms periodicity.
As the PSS/SSS are not exploited in the frequency synchronization simulation, the result presented here should be treated as somewhat pessimistic. It is observed that the wideband TRS based on 1-subframe CRS port 0 pattern with 5ms periodicity and the wideband TRS based on 1-slot CRS port 0 pattern with 5ms periodicity can meet the performance requirement of ≤ ±0.1 PPM (±200Hz) frequency error for measurement period of 50ms. 
On the other hand, narrowband TRS (6PRBs) gives the worst performance for both EVA 100km/h and EPA 3km/h channels. Therefore, narrowband TRS is not our preference.
Table 1 Our evaluation assumptions for the RS for the new carrier type

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h, EPA 3km/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
	Correlation-based algorithm

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	15 subframes, 50 subframes 

	Periodicity for CRS (if used)
	1 and 5 ms (same subframe as PSS/SSS)

	Periodicity for CSI-RS (if used)
	N/A

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

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	N/A

	SNR
	-8 dB

	PSS/SSS
	Transmitted as in Rel-8/9/10 (used to assist time synchronization but not frequency synchronization)
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(a) EVA 100km/h (15 subframes measurement period)
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(b) EPA 3km/h (15 subframes measurement period)
Figure 2: Timing synchronisation performance for (a) EVA 100km/h channel and (b) EPA 3km/h channel with 15 subframes measurement period
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(a) EVA 100km/h (50 subframes measurement period)
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(b) EPA 3km/h (50 subframes measurement period)
Figure 3: Timing synchronisation performance for (a) EVA 100km/h channel and (b) EPA 3km/h channel with 50 subframes measurement period
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(a) EVA 100km/h (15 subframes measurement period)
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(b) EPA 3km/h (15 subframes measurement period)
Figure 4: Frequency synchronisation performance for (a) EVA 100km/h channel and (b) EPA 3km/h channel with 15 subframes measurement period
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(a) EVA 100km/h (50 subframes measurement period)
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(b) EPA 3km/h (50 subframes measurement period)
Figure 5: Frequency synchronisation performance for (a) EVA 100km/h channel and (b) EPA 3km/h channel with 50 subframes measurement period

4 Conclusions
Based on our simulation results, the following TRS designs are acceptable to us:  
1. Wideband TRS based on 1-subframe CRS port 0 pattern with 5ms periodicity

2. Wideband TRS based on 1-slot CRS port 0 pattern with 5ms periodicity  
Due to the lower overhead of the 1-slot pattern, the second alternative is preferred.
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6 Appendix – Simulation assumptions from R1-120943
Table 1 Evaluation assumptions for the RS for the new carrier type

	Parameter
	Value

	Channel bandwidth
	10 MHz mandatory, other Rel-8/9/10 values optional

	Carrier frequency
	2 GHz

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

	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
	To be specified by the company

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	To be specified by the company

	Periodicity for CRS (if used)
	1 and 5 ms mandatory, other values as needed (to be specified by the company)

	Periodicity for CSI-RS (if used)
	5 ms mandatory, other values as needed (to be specified by the company)

	Reduced bandwidth for CRS or CSI-RS
	6 PRBs mandatory, other values as needed (to be specified by the company)

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	1 as the baseline, other values to be specified by the company

	SNR
	-8 dB mandatory, 0 dB and 8 dB optional

	PSS/SSS
	Transmitted as in Rel-8/9/10, other configurations optional
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