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1
Introduction

In RAN4#64bis, the impact of frequency (and timing) offset between transmission points (TP) was considered [1]. Fig. 1 shows the DL CoMP model with TP1 transmitting CRS and TP2 transmitting PDSCH, CSI-RS and UE-RS (DM-RS). In this document, we compare PDSCH performance when ∆toffset=0 and: i) ∆foffset is compensated using CSI-RS, and ii) ∆foffset is compensated using UE-RS instead of CSI-RS. The baseline is PDSCH performance in the absence of frequency offset compensation at the UE.
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Fig 1: CoMP scenario 


2
Impact of frequency offset on PDSCH performance
Doppler-shift due to UE movement and the frequency difference between local oscillators in transmitters TP1 and TP2 with regard to the UE receiver are factors that lead to frequency offset interference. If not estimated and properly compensated, frequency offset can disturb the orthogonality between the FFT demodulated carriers (ICI) which may lead to performance loss over the PDSCH. 
A UE that is unaware of CoMP transmissions locks its frequency and timing window to values based on measurements gathered from CRS coming from TP1 in Fig. 1. In this case, ∆foffset ≠ 0 will create ICI at the UE. The ICI may be reduced by first estimating ∆foffset then compensating via post-FFT de-rotations. Fig. 2 and Fig. 3 show the simulated PDSCH throughput for ∆toffset=0 that is obtained when the UE receiver does not compensate for ∆foffset under EPA and ETU channels. 
The simulation parameters are given in Annex A.
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Fig 2: EPA-5Hz (no frequency compensation)
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Fig 3: ETU-5Hz (no frequency compensation)


3
Frequency offset compensation using CSI-RS
Here we investigate the performance of frequency offset estimation, and compensation, using CSI-RS based measurements from TP2 in the agreed simulation framework of [1]. In our simulations, the CSI-RS is transmitted every 5ms and over 1 RE/port/PRB, resulting in a resolution of |∆foffset|<100Hz. Fig. 4 and Fig. 5 show the PDSCH throughput for ∆toffset=0, obtained when the UE estimates and compensates for ∆foffset using phase estimates calculated over two successive CSI-RS symbols in time. 
Some assumptions on the estimation process are worth pointing out:

· We assume an IIR time-averaging filter to improve the estimates of ∆foffset over time. 
· In all simulations we set ∆toffset=0. However, for practical purposes we force the UE to estimate (and compensate) this value using a CRS-based approach for TP1 (applied pre-FFT), and CSI-RS based approach for TP2 (applied post-FFT). In other words, timing offset correction is not ideal even at ∆toffset=0.
Based on these plots we observe:

I. The CSI-RS based method exhibits poor throughput performance over EPA and ETU channels beyond 50Hz offset between TP1 and TP2. The loss at 50Hz is roughly 2dB at high SNR.
II. Comparing Fig. 2 with Fig. 4, we see that the CSI-RS method improves the DL performance compared with no compensation, particularly at mid SNR values (14dB-20dB). 
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Fig 4: EPA-5Hz (CSI-RS)
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Fig 5: ETU-5Hz (CSI-RS)


4
Frequency offset compensation using UE-RS
Here we investigate the performance of frequency offset estimation and compensation using UE-RS based measurements from TP2 in the agreed simulation framework of [1]. The UE-RS is transmitted for every subframe containing PDSCH from TP2. For rank 1 transmissions UE-RS has a density of 12 RE/PRB over 4 time slots. Fig. 6 and Fig. 7 show the PDSCH throughput for ∆toffset=0 that is obtained when the UE estimates and compensates for ∆foffset using phase estimates calculated over successive UE-RS symbols in time. Similar to the CSI-RS based approach in Section 3, ∆toffset=0 is estimated and compensated as well at the UE. Unlike the CSI-RS method, no IIR time-averaging is employed in the simulation since in practice the phase measurements may be outdated in cases where PDSCH is not transmitted over several subframes.
Based on these plots we observe:

I. Unlike the CSI-RS based method, the UE-RS based method shows robust performance over a wide range of ∆foffset.
II. Unlike the CSI-RS based method, the UE-RS based method depends on the traffic pattern on the DL. Therefore, the wideband, full traffic nature of our DL LLS simulator may contribute to the good performance of the UE-RS method. This warrant further investigation to compare UE-RS and CSI-RS methods in narrowband settings, e.g. 3 PRB. 
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Fig 6: EPA-5Hz (UE-RS)
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Fig 7: ETU-5Hz (UE-RS)


5
Conclusion
In this contribution we compared CSI-RS and UE-RS (i.e. DM-RS) based methods for estimation and compensation of frequency offset difference between TPs in DL CoMP mode. We observed:

I. The CSI-RS based method exhibits poor throughput performance over EPA and ETU channels beyond 50Hz offset between TP1 and TP2. The loss at 50Hz is roughly 2dB at high SNR

II. The CSI-RS method improves the DL performance compared with no compensation, particularly at mid SNR values (14dB-20dB). 
III. Unlike the CSI-RS based method, UE-RS based method shows robust performance over a wide range of ∆foffset.

IV. Unlike the CSI-RS based method, the UE-RS based method depends on the traffic pattern on the DL. Therefore, the wideband, full traffic nature of our DL LLS simulator may contribute to the good performance of the UE-RS method. This warrant further investigation to compare UE-RS and CSI-RS methods in narrowband settings, e.g. 3 PRB.
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Annex A

Simulation assumptions

Table 1: Link level simulation (LLS) assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	2x2, low correlation

	Channel model / Doppler (Hz)
	EPA-5Hz, ETU-5Hz

	Resource allocation
	50 PRB

	Transmission scheme
	TM9, closed-loop rank-1 transmission

	HARQ
	Enabled, up to 4 transmissions

	PMI granularity
	Rel-10 codebook for 4-Tx

	PMI reporting delay
	Wideband

	PMI reporting periodicity
	8 ms

	Modulation and coding
	5 ms

	CSI-RS configuration
	64QAM-3/4

	CRS configuration
	2-Tx CSI-RS, 5 ms periodicity

	DM-RS configuration
	2 CRS ports

	Channel estimation for feedback
	Rel-10 DM-RS pattern for rank-1 (AP7)

	Channel estimation for demod
	CSI-RS: Realistic channel estimation

	Time delays & frequency offsets
	Tied to CRS for TP1 and CSI-RS or UE-RS for TP2

	Simulation length
	200 subframes 

	PDSCH payload
	[0, 25456, 25456, 25456, 25456, 0, 25456, 25456, 25456, 25456]



