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1 Introduction
It was agreed that at least one new carrier type will be introduced in Rel-11 with at least reduced or eliminated legacy control signalling and/or CRS. In RAN1#68, several options for the density of CRS in a non-synchronized new carrier type were discussed. See Fig. 1 for these options [1]. In this document, we compare the time and frequency tracking performance based on CRS with a reduced bandwidth or a different periodicity from what is defined in Rel-8/9/10.   
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Option 0: No CRS, or CRS reduced compared to Rel - 8  

CRS reduced in both  time and  bandwidt h  

Option 2: CRS  reduced at least in time  

Option 3: CRS reduced  at least in  bandwidth  

Same CRS  as Rel - 8  

Option 1: CRS reduced in time and/or  bandwidth  

Old option 1:    No CRS  

Old Option 3: CRS same as Rel - 8 or reduced in time  and/or  bandwidth  



	Fig. 1. Several options of density of CRS in a non-synchronized new carrier


2 Algorithm for time and frequency tracking
2.1 Signal model
Consider an OFDM system in which N-point FFT/IFFT is used. In the l-th OFDM symbol, the cyclic prefix (CP) has a duration of Tg,l (composed of Ng,l samples if without oversampling), and an OFDM symbol (CP plus the useful part) has a duration of Ts,l = Tg,l + Tu (equal to Ns,l = Ng,l + N samples). We denote by f the carrier frequency offset between the eNB and UE.

According to [2], in the absence of inter-symbol interference (ISI) and assuming correct sampling periodicity, demodulating the l-th OFDM symbol via FFT yields 
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where the notations are
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 the demodulated symbol of the k-th subcarrier in the l-th OFDM symbol with 
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 the transmitted symbol of the k-th subcarrier in the l-th OFDM symbol,
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 the frequency response of the k-th subcarrier in the l-th OFDM symbol, 
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 the AWGN noise, and
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the noise representing the contribution from the irreducible inter-carrier interference (ICI).

2.2 Frequency tracking algorithm based on CRS
The frequency tracking, i.e. estimation and compensation for f, can be done by exploiting the phases of zl,k’s [3]. For example, assume resource elements (REs) zl,k and zl-3,k+3 carry CRS, then f can be obtained from the phase of yl,k = (zl,k /al,k)(zl-3,k+3 /al-3,k+3)*. More details can be found in [5]. 
2.3 Time tracking algorithm based on CRS
Assume the carrier frequency is already synchronized. In [4], the following timing synchronization metric based on the maximum likelihood (ML) principle has been derived:
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are computed using the FFT window containing samples in [n, n+N(1], P is the set of REs bearing CRS, and
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are the estimated frequency responses using the window [n, n+N(1]. The ML estimate of the timing is obtained by
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3 Simulation results
The simulation assumptions are given in TABLE 1.

TABLE 1: Simulation assumptions

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/hr, and EPA 3 km/hr

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

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

	Time/frequency tracking algorithms
	As given in Section 2

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	Measurement patterns are expressed in terms of (periodicity, measured bandwidth, duration)

Pattern 1: (1ms, 50 PRB, 10ms)
Pattern 2: (5ms, 50 PRB, 50ms)

Pattern 3: (1ms, 6 PRB in the center, 83ms)

	Number of antenna ports for CRS
	1

	SNR
	{-8, 8} dB
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	Fig. 2. Time and frequency synchronization performance in an EVA channel with Doppler spread of 
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185 Hz and SNR = (8 dB.
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	Fig. 3. Time and frequency synchronization performance in an EVA channel with Doppler spread of 
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185 Hz and SNR = 8 dB.


The simulation results of the CDF of the tracking errors, i.e.
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, are depicted in Figs. 2 to 5 for SNR = (8dB and 8dB and for EVA 100 km/hr and EPA 3 km/hr. Three CRS measurement patterns in terms of (periodicity, measured bandwidth, duration) are tested. They are 
· Pattern 1: (1ms, 50 PRB, 10ms), shown in BLUE in the simulation results
· Pattern 2: (5ms, 50 PRB, 50ms) , shown in GREEN in the simulation results
· Pattern 3: (1ms, 6 PRB in the center, 83ms) , shown in RED in the simulation results
All of the three patterns have almost the same values of 
(measured bandwidth in PRB) × (number of measured subframes)
Pattern 1 has the largest measurement scope in the frequency domain but the shortest measurement range in the time domain. Pattern 3 is the opposite of Pattern 1, i.e. narrowest in the frequency domain but the longest in the time domain. Pattern 2 has the same measurement bandwidth as Pattern 1, but the measurement duration is 5 times that of Pattern 1 due to the 5ms periodicity. 

Time tracking performance:
The time tracking performance in the channel profile EVA 100 km/hr is demonstrated in the left-hand-side of Figs. 2 and 3. It is seen Patterns 1 and 2 have similar performance at both SNR = (8dB and 8dB, and Pattern 2 is slightly better than Pattern 1. The timing error of Pattern 3 is obviously larger than those of the other two, and it is seen Pattern 3 has a smaller value of the timing estimate
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given in (2). The reason is because the measurements are only on the 6 PRBs in the center, which corresponds to measuring a narrowband signal. Consequently the resolution of multipaths is lower, and several multipaths are combined and regarded as one path. Therefore, reduced CRS density in the frequency domain leads to degradation in the timing estimate accuracy, which yields a higher channel estimate error as observed from (1). However, it should be noted that the spread of the time tracking error is less than the time window (the length of the cyclic prefix minus the delay spread of the channel), and all the energy in the channel can be collected without any inter-symbol interference. It is shown that the performance using the various measurement patterns is adequate.
The performance of the channel profile EPA 3 km/hr is shown in Figs. 4 and 5. Similar observations as in the EVA channel can be drawn. It is seen that the difference of timing estimates between Pattern 3 and Patterns 1 and 2 is less in EPA 3 km/hr channel than in EVA 100 km/hr channel.

Observation 1: In reduced-bandwidth CRS allocation, CRS measurements are performed over a narrower bandwidth, which results in a lower resolution of multipaths. The resultant timing estimate is thus less accurate.
Frequency tracking performance: 
The frequency tracking performance of the channel profile EVA 100 km/hr is shown in the right-hand-side Figs. 2 and 3. It is seen Pattern 2 has the best frequency tracking performance at both SNR = (8dB and 8dB. At SNR = (8dB, Patterns 1 and 3 have similar performance; at SNR = 8dB, Pattern 3 outperforms Pattern 1. The good performance of Pattern 2 is due to the proper tradeoff between the widths of the time- and frequency-domain averaging windows. Although Pattern 3 has a wider time-domain window than Pattern 2, the window in the frequency domain is only 6 PRBs wide. The performance comparison of the three measurement patterns is obvious at SNR = 8dB. 
The performance of the channel profile EPA 3 km/hr is shown in Figs. 4 and 5. The difference of performance between three measurement patterns is not clear in this channel profile, although we still can see Pattern 2 is a little bit better than the other two. This is because the channel variation over the time and frequency is relatively small compared with EVA 100 km/hr, and thus the effect of averaging is not as obvious as in that channel profile. 

Observation 2: With the same amount of CRS overhead over time and frequency domains, reduced CRS density in time is beneficial for frequency tracking in fast varying channels.
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	Fig. 4. Time and frequency synchronization performance in an EPA channel with Doppler spread of 
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5.6 Hz and SNR = (8 dB.
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	Fig. 5. Time and frequency synchronization performance in an EPA channel with Doppler spread of 
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5.6 Hz and SNR = 8 dB.


4 Conclusion

In this contribution, the time and frequency tracking performance based on CRS with a reduced bandwidth or a different periodicity from what is defined in Rel-8/9/10 were compared. In the reduced bandwidth case, CRS were allocated in the 6 PRBs in the center; in the larger periodicity case, 5 msec periodicity was assumed. From the simulation results, we had the following observations: 
Observation 1: In reduced-bandwidth CRS allocation, CRS measurements are performed over a narrower bandwidth, which results in a lower resolution of multipaths. The resultant timing estimate is thus less accurate.
Observation 2: With the same amount of CRS overhead over time and frequency domains, reduced CRS density in time is beneficial for frequency tracking in fast varying channels.
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