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1
Introduction
In last RAN4 meeting, simulation assumption was agreed in [1] to further evaluate the effect of timing offset and frequency offset on UE demodulation performance. Furthermore, a way forward for frequency offset evaluation was agreed in [2] based on the latest agreements in RAN1 on quasi-collocated assumption between CRS and CSI-RS for Doppler shift and Doppler spread.
In this contribution, we firstly summarize and analyze several options for frequency offset estimation based on different RS types and then evaluate UE performance with different frequency offset estimation methods based on the latest agreements in RAN1 and RAN4.
2 Analysis
2.1 Frequency offset correlation and estimation method

Frequency offset correction method

As summarized in [3], there are several implementation strategies for frequency offset correction e.g. how to correct frequency offset (e.g. post FFT processing, pre-FFT processing). Different implementation strategy will result in different performance degradation and different UE implementation complexity. 
From UE implementation’s view, any options which require multiple FFT operations should be excluded from RAN4 evaluation. In order to make alignment between companies’ results, we propose to take such frequency offset correction method as the baseline method for RAN4 evaluation:
· Proposal 1: To adapt frequency synchronization tracking on serving cell’s CRS and post-FFT OFDM symbol-wise phase correction for DM-RS/CSI-RS/PDSCH as a baseline receiver.
RS type for frequency offset estimation under behaviour B
Regarding the RS type used for frequency offset, generally CRS/CSI-RS/DMRS can be used. However, the estimation accuracy with different reference signals is different:
· QCLed CRS:
· Based on RAN1’s LS, each CSI-RS resource is mandatory QCLed with a CRS under Behavior B for Doppler shift and Doppler spread. The same frequency estimation method can be reused as legacy UE since in Rel/8/9/10 generally UE use CRS for frequency tracking
· CSI-RS: 
· It’s not feasible for frequency offset estimation, due to the sparse of CSI-RS REs in time domain. The minimum interval is 5ms which is too large to cover the possible frequency offset (upper to 100Hz can be estimated). 
· Furthermore, within each sub-frame, the interval is only one OFDM symbols, which result in very large variance for frequency offset estimation.
· However, CSI-RS can be jointly used with DMRS to estimate the residential frequency offset.
· DMRS: 
· It’s feasible for both timing and frequency offset estimation. 
· For small size of RB allocation, inaccurate offset estimation will be introduced due to limited DM-RS REs.
· Furthermore, averaging process between sub-frames in time domain is unavailable since PDSCH transmission can be changed between TPs.

2.2 Simulation Results 
In this section, we further evaluate the impact of frequency offset based on different RS types (DMRS/CRS) used for frequency tracking under EPA channel. Since available RS samples will affect the estimation accuracy, different cases for each RS type are evaluated based on number of samples of DMRS is related to allocation RB and number of CRS is related system channel bandwidth:
· Case 1: frequency offset estimation based on DMRS (50RB and 1 RB resource allocation cases with 10MHz channel BW were evaluated)

· Case 2: frequency offset estimation based on QCLed CRS (10MHz and 1.4MHz channel bandwidths with full RB allocation were evaluated)
For both of cases, for the post-FFT frequency offset correction method is applied. More detailed simulation assumptions and throughput curves with several cases are given in Annex.
Table 2-1 and Table 2-2 shows the performance degradation @70% relative throughput compared with ideal case for case1 and case2 respectively.  And figure 2-1 shows the curves of root mean square error of estimated frequency with DMRS and CRS vs. different SNR points.
Based on the evaluation results, assuming 1.5dB is largest acceptable performance loss, Table 2-3 summarized the acceptable frequency offset for DMRS and QCLed CRS based on frequency offset estimation methods with typical and worst cases. 
Based on the simulation results, it is observed that:
· For case1: frequency offset estimation based on DMRS
· The estimation accuracy is strongly dependent on the available DMRS samples and SNR points. For 50RB allocation, the estimation accuracy is good when SNR is higher than 0dB and over that point, i.e. RSME is lower than 50Hz. For 1 RB allocation case (worst case), at low SNR points, the error introduced by the variance of estimation is even large than the frequency offset itself; when SNR increased and over 12dB, frequency offset can be tracked well even with 1RB allocation.
· From Table 2-1, it is observed that the demodulation performance is acceptable with up to 200Hz frequency offset for all MCSs with 50RB allocation. For 3 RB and 1 RB allocations, QPSK 1/3 suffers a huge performance loss and even worse than no compensation case especially under low SNR points due to the poor frequency offset estimation performance with limited DM-RS samples. For 64QAM, the demodulation performance is good even with 1RB allocation because the accuracy is improved at high SNR region. This is consistent with the tread of estimated frequency error shown in figure 2-1.
· For case2: frequency offset estimation based on QCLed CRS

· For both 50RB and 6RB channel BWs, good estimation accuracy can be achieved when SNR is higher than -2dB, i.e.RSME is lower than 50Hz.

· The demodulation performance is acceptable with up to 300Hz frequency offset for all MCSs with both 50RB and 6 RB channel BWs. This is consistent with the results in figure 2-1. 
· When frequency offset increases, the performance loss compared to ideal case is also increased since post-FFT compensation method can only eliminate the phase rotation introduced by frequency offset and the ICI introduced by frequency offset cannot be compensated by this method.
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Figure2-1: RMSE of estimated frequency offset vs SNR 

Table 2-1: Performance degradation @70% relative throughput (case1: based on DMRS)

	Case 1
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK 3RB
	16QAM 3RB
	64QAM 3RB
	QPSK 1RB
	16QAM 1RB
	64QAM 1RB

	0 Hz
	0.3
	0.4
	0.3
	0.9
	1.3
	0.4
	1.6
	1.4
	0.4

	50 Hz
	0.3
	0.5
	0.6
	0.9
	1.3
	0.4
	1.7
	1.4
	0.7

	100 Hz
	0.6
	0.5
	0.6
	1.0
	1.4
	0.7
	1.9
	1.7
	0.7

	150 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.7
	1.9
	1.7
	0.7

	200 Hz
	0.9
	0.5
	0.6
	1.0
	1.4
	0.8
	2.0
	1.7
	0.8


Table 2-2: Performance degradation @70% relative throughput (case2: based on QCLed CRS)

	Case 2
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK 6RB
	16QAM 6RB
	64QAM 6RB

	0 Hz
	0.1
	0.0
	0.3
	0.4
	0.5
	0.3

	100 Hz
	0.2
	0.2
	0.4
	0.4
	0.5
	0.6

	200 Hz
	0.5
	0.2
	0.5
	0.6
	0.6
	0.6

	250 Hz
	0.5
	0.2
	0.8
	0.6
	0.6
	0.6

	300 Hz
	0.5
	0.5
	0.8
	0.6
	0.8
	0.8


Table 2-3: Acceptable frequency offset assuming 1.5dB performance loss at 70% relative TP

	MCS
	QPSK 
	16QAM 
	64QAM 

	DMRS based tracking
	Typical case:10MHz/50RB
	200Hz
	200Hz
	200Hz

	
	Worst case:10MHz/1RB
	<50Hz
	<50Hz
	200Hz

	CRS based on tracking
	Typical case:10MHz/50RB
	300Hz
	300Hz
	300Hz

	
	Worst case:1.4MMHz/6RB
	300Hz
	300Hz
	300Hz


Based on simulation results, QCLed CRS is most promising RS for frequency tracking. DMRS is also a reasonable candidate for frequency offset estimation when large RB allocation is assigned. 
The frequency offset can be decided with the following principles:
· Minimum value: Ensure large performance difference between Behaviour A and Behaviour B in orde to verify behaviour B. Based on the results in [3], 64QAM is more sensitive to frequency offset, and large performance difference is observed between Behaviour A and Behaviour B for 64QAM with more than 50Hz frequency offset.

· Maximum value: The maximum values which UE can handle under behaviour B without obvious performance loss to ensure system performance under real network. In order to keep freedom for UE implementation for Behaviour B, [200] with 64QAM is feasible based simulation results.

Based on the above analysis, it is proposed that for frequency offset:
· Proposal 2: Define performance requirements only for 64QAM

· Proposal 3: Defining a dynamic frequency offset model between TPs with the range of [100~200] Hz.
3 Conclusion

In this contribution, we evaluate and analyze on frequency offset estimation performance based on DMRS and QCLed CRS:
· Case 1: frequency offset estimation based on DMRS (50RB and 1 RB resource allocation cases with 10MHz channel BW were evaluated)

· Case 2: frequency offset estimation based on QCLed CRS (10MHz and 1.4MHz channel bandwidths with full RB allocation were evaluated)
Based on simulation results, QCLed CRS is most feasible RS for frequency tracking and work well with 200Hz frequency offset. DMRS is also a reasonable candidate for frequency offset estimation when assigned large RB allocation. 
Based on simulation results and analysis, it is proposed:
· Proposal 1: Frequency synchronization tracking on serving cell’s CRS and post-FFT OFDM symbol-wise phase correlation for DM-RS/CSI-RS/PDSCH as baseline receiver, i.e. Option2 in [3]
· Proposal 2: Define performance requirements only for 64QAM

· Proposal 3: Defining a dynamic frequency offset model between TPs with the range of [100~200] Hz. 
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5 Appendix

5.1 Simulation assumptions to evaluate impact of frequency offset
Currently, there are different CoMP deployment scenarios, including:

· Scenario 1: TP1 (macro), TP2 (Pico) has different cell ID, both transmit CRS

· Scenario 2: TP1 (macro), TP2(Pico) has same cell ID, both transmit CRS

· Scenario 3: Only TP1(macro) transmit CRS, TP2 (Pico) only transmit PDSCH

Scenario 1 is simulated in this contribution.
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Table 5-1: Simulation Assumptions

	Deployment Scenario
	Scenario 1

	Fading Channel
	EPA5Hz

	Channel BW
	10MHz for DMRS based tracking
10MHz/1.4MHz for CRS based tracking

	Resource allocation
	(1) 50RB/1RB allocation for DMRS based tracking
(2) 50RB/ 6RB allocation for CRS based tracking

	Antenna configuration
	4x2

	MCS
	FRC

(1) 64QAM 3/4

(2) 16QAM 1/2

(3) QPSK 1/3

	Max HARQ transmission number
	4

	Power imbalance between TP1 and TP2
	0dB

	Rank/PMI
	Fixed (1, 1) 

	Frequency offset
	[0:50:200]Hz for DMRS based frequency offset tracking
[0,100,200,250,300]Hz for QCLed CRS based frequency offset tracking

	Frequency offset estimation
	Case1: Estimation based on DM-RS, no averaging between sub-frames 

Case2: Estimation based on CRS, timing filter between estimated samples applied

	Ideal case
	No timing and frequency offset between different RS types
UE tracking on CRS for synchronization.


5.2 Simulation results for frequency offset – case1 (DMRS based)
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Figure 5-
1: Frequency offset correction performance: case1, QPSK 1/3, 50RB
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Figure 5-2: Frequency offset correction performance: case1, 16QAM 1/2, 50RB
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Figure 5-3: Frequency offset correction performance: case1, 64QAM 3/4, 50RB
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Figure 5-4: Frequency offset correction performance: case, QPSK 1/3, 1RB
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Figure 5-5: Frequency offset correction performance: case1, 16QAM 1/2, 1RB
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Figure 5-6: Frequency offset correction performance: case1, 64QAM 3/4, 1RB
5.3 Simulation results for frequency offset –case 2 (QCLed CRS based)
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Figure 5-
7: Frequency offset correction performance: case2, QPSK 1/3, 10MHz
[image: image10.png]14000000

12000000

10000000

8000000

6000000

3

=3
=

=)
3

2

=

F

4000000

2000000

0-1.0 0.0 1.0 2.0 3.0 4.0 50 6.0 7.0 80 9.0 10.011.012.013.0
SNR[dB]





Figure 5-8: Frequency offset correction performance: case2, 16QAM 1/2, 10MHz
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Figure 5-9: Frequency offset correction performance: case2, 64QAM 3/4, 10MHz
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Figure 5-10: Frequency offset correction performance: case 2, QPSK 1/3, 1.4MHz
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Figure 5-11: Frequency offset correction performance: case2, 16QAM 1/2, 1.4MHz
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Figure 5-12: Frequency offset correction performance: case2, 64QAM 3/4, 1.4MHz
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