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1 Introduction
In recent RAN4 meetings, the impact of geographically non co-located antenna deployments on UE demodulation performance has been investigated. It was agreed in RAN4 to study the impact of time offset and frequency offset respectively under RAN1’s assumption, and then introduce test cases to make sure a UE has proper implementation. In this contribution, we further investigate the impact of frequency error caused by geographically non co-located antenna deployments on UE demodulation performance. A companion contribution about timing offset test could be found in [1].
2 Discussion
The agreed description of UE behaviours, the expected UE implementation, and the considerations on setting test cases are summarized in [1]. During last RAN1 meeting, it was agreed for QCL Behaviour B that the network shall indicate by RRC signaling that each CSI-RS resource is quasi co-located with one CRS wrt { Doppler shift, Doppler Spread } [2], such linked CRS may be used for frequency offset compensation. In previous RAN4 meetings, DMRS was considered as the possible reference signal used for frequency estimation. Therefore, it was agreed to use DMRS or linked CRS for frequency offset compensation in last RAN4 meeting [3] [4]. In this section, we further discuss considerations on frequency offset tests under the assumptions of non quasi-co-located antenna deployments.
1. Test scenarios
Assume TP1 is the serving cell transmitting PDCCH; TP2 is the TP transmitting PDSCH and DMRS; three CoMP reference scenarios with non-quasi-co-located antenna deployments summarized in [1] are also attached here in Table 1. 
Table 1: Summary of three reference scenarios
	Scenario
	TP1
	TP2

	
	CRS
	CSI-RS
	Linked CRS
	CRS
	CSI-RS
	Linked CRS

	CoMP Scenario 3
	Cell-ID A
	Resource A
	Cell-ID A
	Cell-ID B
	Resource B
	Cell-ID B

	CoMP Scenario 4
	Cell-ID A
	Resource A
	Cell-ID A
	-
	Resource B
	Cell-ID A

	CoMP Scenario 4 (SFN)
	Cell-ID A
	Resource A
	Cell-ID A
	Cell-ID A
	Resource B
	Cell-ID A


According to RAN1’s assumption, a linked CRS is quasi co-located with CSI-RS wrt { Doppler shift, Doppler Spread } for UE configured with QCL behaviour B, then UE is expected to use such linked CRS for frequency compensation. For the purpose of testing frequency error between TPs, it is suggested in [2] to assume that the TP2 transmitting PDSCH is associated with a different cell ID than the serving cell TP1, which means the CoMP deployment Scenario 3 should be set as the test scenario. In this scenario, the cell ID for the QCLed CRS for PDSCH demodulation is different from the serving cell ID. 
Proposal 1: CoMP Scenario 3 should be defined as the scenario for frequency offset tests.
2. CoMP scheme selection
Similar as timing tests, TP1 is not supposed to transmit PDSCH for frequency offset tests to avoid introducing PDSCH interference from neighbour cell.
Proposal 2: TP1 is not supposed to transmit PDSCH.

3. Reference UE implementation
For UE with QCL behaviour A, frequency synchronization is acquired over serving CRS and no any post FFT operations are expected.
For UE with QCL behaviour B, frequency synchronization is acquired over serving CRS, the frequency error between TPs could be estimated with the assistant of linked CRS and/or DMRS and be compensated post FFT for each subframe.
4. Frequency offset between TPs
For the frequency offset between the serving cell and the node transmitting PDSCH, it was agreed in [3] to assume 100-200 Hz for the purpose of the study. However, a later complementary way forward [4] suggested that a larger frequency offset range ([0, 300] Hz) between TPs should be used for simulation purposes for UE with Behaviour B. In our evaluation, the frequency offset between TPs is set to 300Hz. To simplify the test case, the frequency shift between the transmit frequency and the assigned frequency for TPs is assumed as zero. The following results are based on CoMP deployment Scenario 3, with a fixed frequency offset of 300Hz between the serving cell and the node transmitting PDSCH.
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(a) Impact of frequency offset; Scenario 3; EVA5; 3RB; 64QAM 3/4; Freq-offset 300Hz
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(b) Impact of frequency offset; Scenario 3; EVA5; 3RB; 16QAM 1/2; Freq-offset 300Hz
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(c) Impact of frequency offset; Scenario 3; EVA5; 3RB; QPSK 1/3; Freq-offset 300Hz
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(d) Impact of frequency offset; Scenario 3; EVA5; 1RB; 64QAM 3/4; Freq-offset 300Hz
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(e) Impact of frequency offset; Scenario 3; EVA5; 1RB; 16QAM 1/2; Freq-offset 300Hz

 

 

Ideal Frequency

UE-B, CRS compensation

UE-B, DMRS compensation

UE-A, No compensation

[image: image6.emf]-8 -6 -4 -2 0 2 4 6 8

0

0.01

0.02

0.03

0.04

0.05

0.06

SNR(dB)

Throughput(Mbit/s)

(f) Impact of frequency offset; Scenario 3; EVA5; 1RB; QPSK 1/3; Freq-offset 300Hz
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Figure 1. Impact of frequency offset for different MCSs and different scheduled RBs
From Figure 1, the following observations can be made:

· With linked CRS compensation, the UE could easily handle at 300Hz frequency offset and achieve almost the same performance as the ideal cases for all the evaluated situations.

· For UE behaviour B with DMRS compensation, the less scheduled RB number, which means less DMRS sequence, as well as lower SNR, would affect the estimation accuracy of frequency offset. About 1dB performance loss is observed from the simulation results for 1RB transmission at low SNR range. For high SNR range, or large scheduled RB, the performance of using DMRS compensation is comparable to that using linked CRS compensation.
· With a frequency offset of 300Hz, there is an obvious performance difference between UE behaviour A and behaviour B. Therefore, for testing purpose, the frequency offset between two TPs could be set to 300Hz.
Proposal 3: The maximum frequency offset between TPs could be set as 300Hz.

3 Conclusion

This contribution further discusses the impacts of frequency offset between two cooperation TPs under non-quasi-collocation assumptions on UE demodulation performance. Based on the discussion, it is proposed:
Proposal 1: CoMP Scenario 3 should be defined as the scenario for frequency offset tests.
Proposal 2: TP1 is not supposed to transmit PDSCH.

Proposal 3: The maximum frequency offset between TPs could be set as 300Hz.
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Table 2. Simulation Assumptions 
	Parameter
	TP 1
	TP 2

	Carrier frequency
	2 GHz
	2 GHz

	System bandwidth
	10 MHz
	10 MHz

	Cell ID
	0
	6

	Channel model and Doppler frequency
	ETU5
	EVA5

	Transmission mode
	N/A
	TM10

	MIMO configuration
	2x2 low
	2x2 low

	CRS configuration
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	N/A
	Antenna ports 15,16

	Resource allocation (RB)
	N/A
	3/1

	Linked CSI-RS
	CSI-RS resource 0
	CSI-RS resource 1, which is quasi-collocated with DMRS wrt { Delay spread, Doppler spread, Doppler shift, Average delay }

	Linked CRS
	Cell ID 0
	Cell ID 6, which is quasi-collocated with linked CSI-RS wrt { Doppler spread, Doppler shift }

	Rank
	N/A
	1

	PMI
	N/A
	Random PMI

	Modulation and Code rate
	N/A
	64QAM 3/4, 16QAM 1/2, QPSK 1/3

	HARQ
	N/A
	8 HARQ processes and max 4 transmissions

	Channel estimation
	Practical
	Practical

	PDP estimation
	Practical
	Practical

	Received timing delay (us)
	Ideal
	Ideal

	Frequency offset (Hz)
	0
	0/300

	Cyclic prefix
	Normal
	Normal

	Simulation length
	10000 sub-frames
	10000 sub-frames
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