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1
Introduction

An agreement for the definition of quasi co-location (QCL) was reached in RAN1#70 as follows [1]: 
· Behavior A: 

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, average delay, delay spread}
· Behavior B: 

· CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average gain, 
average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average delay}
In RAN1#71 the definition of QCL behavior B was further revised as follows [2]:
· For Behavior B:
· For each CSI-RS resource, the network shall indicate by RRC signaling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt the following properties 

· {Doppler shift, Doppler Spread}

· RRC signaling includes:

· Cell id for QCLed CRS

· Number of CRS ports

· MBSFN configuration 

· Signaling details up to RAN2
With this new definition of QCL behavior B, an LS [3] was sent by RAN1 asking RAN4 to provide performance requirements for UEs supporting the CoMP feature groups considering frequency shift values (between TPs transmitting PDSCH and the serving cell) that are larger than the range currently being discussed in RAN4 for DMRS-based frequency tracking. For the purpose of such requirements, it should be assumed that the TP transmitting PDSCH is associated with a different Cell ID than the serving cell, for example CoMP scenario 3.
In this contribution we investigate the UE demodulation performance with frequency offset between the transmission points (TPs) with regard to the new definition of behavior B stated above. Fig. 1 shows the system model, where ∆f, ∆t and ∆P represent the relative frequency, time, and received power offsets with regard to TP1,2 at the UE, respectively. We concentrate on ∆f in this contribution, so unless stated otherwise, we set ∆t = 0 sec in the simulations. We assess the performance versus SNR which is defined as the SNR of PDSCH REs at the UE. 
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Fig 1: CoMP DPS/DPB system model

2
Frequency offset estimation via non-colliding CRS
In DL CoMP scenario 3 under behavior B, the TP are assigned unique cell-IDs resulting in non-colliding CRS patterns at the UE. The UE may therefore use post-FFT processing to estimate the frequency offsets from TP1 (f1) and TP2 (f2) using CRS1 and CRS2 patterns, respectively. The estimated frequency offset of f1 may be compensated using pre-FFT (time domain) processing at the UE. 
In Fig 1, the UE may, for example, compensate for frequency offset using a combination of pre-FFT phase-derotation to track the serving cell offset, f1, and post-FFT phase-derotation to track the PDSCH TP offset, f2. 
3
Simulation results
We simulate the effects of frequency offset estimation/compensation with new CRS co-location assumptions using an LLS under TM9, closed-loop rank-1 transmission, and the agreed simulation assumptions of RAN4#65 [4]. Note that we ignore some simulation parameters in [4] rely on CRS non-co-location (decision from RAN1), such as 1PRB. Moreover, we simulate CoMP scenario 3 with DPS/DPB where the serving cell only transmits CRS signals. Detailed simulation parameters are given in Annex A.
As a baseline we show results for UE that wrongly assumes behavior A, meaning the UE only tracks CRS1 from serving TP1 while ignoring CRS2 from TP2 (see Fig 1). As a result the UE cannot compensate for the frequency offset with regard to TP2 and PDSCH performance is compromised. 
Fig. 2 plots the PDSCH throughput achieved in behavior A for 16-QAM r1/2 modulation and coding under EPA-5Hz channels. Fig. 3 plots the corresponding performance for UE that correctly assumes behavior B, meaning it tracks both CRS1 from serving TP1 and CRS2 from TP2 using pre- and post-FFT CRS processing. Fig. 4 and 5 show the corresponding PDSCH BLER curves. Fig. 6, 7, 8 and 9 show the results under the same channel conditions for 64-QAM r3/4 modulation and coding.
From these simulation plots we observe:

Observation 1:

· For CoMP DPS scenario 3, CRS co-location assumptions under behaviour B allows efficient frequency offset tracking as high as 300Hz for low and high modulation orders.
We also note that while CRS co-location allows for efficient frequency tracking, the collision of CRS from the serving cell with PDSCH from TP2 results in overall PDSCH performance degradation. This is evident from the presence of error floors in high order modulation schemes of Fig. 8 and 9. 
To illustrate, in Fig. 10 we simulate the PDSCH BLER performance versus the received power from the serving cell (TP1). Here we set P2 = 0 dB and SNR = 30 dB.(low-noise regime).  The range for P1 is chosen based on the agreement in Table 1 of [4]. Fig. 10 shows that CRS interference from the serving cell may severely degrade PDSCH performance from TP2, especially for high modulation order of 64-QAM where the BLER is less than 1e-2 only for P1 < -10 dB. Based on this result, we observe:

Proposal 1:

· For CoMP DPS scenario 3 with CRS co-location assumptions under behaviour B, collision of CRS from serving cell onto PDSCH results in performance loss. Proper CRS interference cancelation schemes should be investigated. Whether CRS interference handling should be considered in test cases is for further discussion.
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Fig 2: PDSCH throughput 16-QAM r1/2 
behavior A: CRS1 pre-FFT
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Fig 3: PDSCH throughput 16-QAM r1/2 behavior B: CRS1 pre-FFT + CRS2 post-FFT compensation
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Fig 4: PDSCH BLER 16-QAM r1/2 
behavior A: CRS1 pre-FFT
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Fig 5: PDSCH BLER 16-QAM r1/2 behavior B: CRS1 pre-FFT + CRS2 post-FFT compensation
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Fig 6: PDSCH throughput 64-QAM r3/4
behavior A: CRS1 pre-FFT
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Fig 7: PDSCH throughput 64-QAM r3/4
behavior B: CRS1 pre-FFT + CRS2 post-FFT compensation
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Fig 8: PDSCH BLER 64-QAM r3/4
behavior A: CRS1 pre-FFT
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Fig 9: PDSCH BLER 64-QAM r3/4 behavior B: CRS1 pre-FFT + CRS2 post-FFT compensation
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Fig 10: TP2 PDSCH BLER vs. received power from serving cell TP1
5
Conclusion

This contribution discussed the impacts of frequency offset between two TPs under CoMP scenario 3 with CRS quasi-collocation assumptions on UE demodulation performance. Based on the results, it is observed:
Observation 1:

· For CoMP DPS scenario 3, CRS co-location assumptions under behaviour B allows efficient frequency offset tracking as high as 300Hz.

CRS quasi-collocation assumptions create PDSCH interference; therefore we presented the following proposal:

Proposal 1:

· For CoMP DPS scenario 3 with CRS co-location assumptions under behaviour B, collision of CRS from serving cell onto PDSCH results in performance loss and proper CRS interference cancelation schemes should be investigated. Whether CRS interference handling should be considered in test cases is for further discussion.
References

[1] R1-124020, “LS response on antenna ports co-location”, Ericsson
[2] R1-125311, “WF on CSI-RS and CRS quasi co-location”, NSN, Nokia, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Ericsson, ST-Ericsson, MediaTek, Qualcomm
[3] R1-125394,“LS response on antenna ports co-location”, Ericsson
[4] R4-126394, “Framework document for geographically separated antenna and impact on UE demod/CSI requirements (Version 1)”,Huawei, HiSilicon
Annex A

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

	System bandwidth
	10 MHz

	Antenna configurations
	2x2, low correlation

	Channel model - Doppler (Hz)
	EPA-5Hz for TP1,  EPA-5Hz for TP2

	Resource allocation
	50 PRB

	Transmission mode
	TM9, closed-loop rank-1 transmission

	MCS
	64-QAM r3/4, 16-QAM r1/2

	TBS 
	25456 bits for 64-QAM, 11448 bits for 16-QAM

	CSI-RS configuration
	4 RE pairs/PRB (5 ms periodicity)

	CRS configuration
	8 RE pairs/PRB

	DMRS configuration
	12 RE pairs/PRB

	Pre-FFT time & freq offset comp.
	Tied to reference signals from TP1 

	Post-FFT time & freq offset comp.
	Tied to reference signals from TP2 

	Simulation length
	1200 sub-frames per SNR

	Random seeds 
	25
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