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1
Introduction
This paper addresses quasi-co-location assumptions with regard to Doppler shift and Doppler spread and their relation with eNB frequency accuracy requirements.  In particular a recent agreement on CSI-RS/DM-RS co-location signaling requires the UE to perform frequency estimation based on CSI-RS.  This seems to be in conflict with an earlier conclusion (as part of NCT studies) that CSI-RS is insufficient for frequency tracking.  
This contribution seeks to reach a common understanding of this issue in RAN1 that could also be communicated to RAN4. 
2
Discussion
At RAN1#70 and in a subsequent email discussion, an LS to RAN4 was agreed which provided details on the CSI-RS/DM-RS quasi-co-location signaling [1].  In particular, as part of this LS, a UE behavior was defined which implied that the UE is expected to derive a Doppler shift estimate based on CSI-RS and use it according to a dynamically indicated CSI-RS-to-DM-RS mapping.  The description of Behavior B is provided below for reference [1]: 

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 signalling may be assumed as quasi co-located wrt { Delay spread, Doppler spread, Doppler shift, Average delay }

The UE behavior implied by the above seems in conflict with an earlier conclusion as part of NCT studies which concluded that CSI-RS is insufficient for frequency tracking.  In order to resolve this conflict two alternatives could be considered: 
· Alt-1: No eNB frequency errors within a CoMP coordination set. UE assumes quasi-co-location for Doppler shift and Doppler spread for CRS, CSI-RS, and DM-RS.  The UE may consequently utilize the CRS to perform frequency tracking which avoids the aforementioned estimation problems with CSI-RS. Further, a RAN4 requirement is introduced for maintaining small relative eNB frequency errors within a CoMP coordination set (i.e., smaller than existing requirements for non-CoMP). 

· Alt-2: Relative eNB frequency errors are possible within a CoMP coordination set. UE assumes no quasi-co-location for the Doppler shift and Doppler spread which results in performance degradation due to CSI-RS based frequency measurement.  A corresponding performance relaxation could be evaluated and introduced by RAN4.  It is important to note though that this relaxation would apply regardless of whether a particular RAN4 test has zero or non-zero frequency offset because the UE will have imperfect frequency estimation regardless.  
In our view, it is important to reach a common understanding regarding the two alternatives above as well as what eNB frequency offset could be expected.  If consensus is reached in RAN1, it seems desirable to communicate the same to RAN4.  Also, it seems useful to indicate to RAN4 that RAN1 has determined that the current CSI-RS is not sufficient for accuracy frequency tracking. 
3
Evaluation results

To illustrate the importance of addressing this issue, evaluations have been performed according to the reference deployment of [1] which is shown in Figure 1 for reference. Simulation assumptions are listed in Table 1 and are largely based on the agreed RAN4 simulation assumptions [2] and the RAN1 LS [1]. 
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Figure 1: Reference deployment. Each point transmits DMRS only when PDSCH is transmitted from that point.
Table 1: Simulation assumptions for PDSCH
	
	TP serving PDSCH (TP2)
	TP not serving PDSCH (TP1)

	System
	10MHz, 2GHz carrier frequency, PCFICH = 3

	Antenna configuration
	2x2
	2x2

	Cell ID
	0 (CoMP scenario 4)

	Channel
	ETU5
	ETU5

	SNR
	-6:1:24 dB
	10dB (for simulations with MCS=4 or 12 from TP2)

16dB (for simulations with MCS=22 from TP2)

	MCS
	4 (QPSK with coding rate around 0.33)
12 (16QAM with coding rate around 0.5)

22 (64QAM with coding rate around 0.75)
	

	PDSCH
	TM9 (TM10), 50 RBs
8 processes and max 4 retransmissions
Single layer transmission
	-

	EVM
	6%
	6%

	Frequency offset (Doppler shift)
	0:50:100Hz w.r.t. TP not serving PDSCH
	

	Tracking loops
	CRS based tracking

	Implementation
	Realistic channel and interference estimation based on DM-RS.

No bundling of DM-RS.


A receiver with a single FFT is assumed, where the frequency tracking algorithm for pre-FFT frequency offset compensation is run based on CRS. The timing tracking algorithm for FFT boundary determination is run based on CRS, although no timing offset was modelled for the simulation. Note that CRS is transmitted from both TPs using the same cell ID. Therefore, the timing and frequency tracking are performed on SFN-combined CRS transmission from both TPs. 

Figures 2-4 show throughput for MCS=4, 12, and 22 respectively. 
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Figure 2: Throughput for MCS=4
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Figure 3: Throughput for MCS=12
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Figure 4: Throughput for MCS=22
For MCS=4, a loss of 0.2dB is observed with 100Hz offset. The loss with 100Hz increases to 0.5dB and 2.0dB, respectively, for MCS=12 and MCS=22. With 50Hz offset, the loss for MCS=12 and MCS=22 is 0.1dB and 0.5dB, respectively.

Based on these observations, it is observed that the Doppler shift (frequency offset) should be limited to a small value, such as 50Hz, in order to minimize the impact on PDSCH demodulation, especially at high MCS.

It is important to note that the Doppler shift of 50Hz is a small value that can easily be introduced by the inaccuracy in the UE’s frequency tracking itself. This is even so for the CSI-RS based frequency tracking due to the low density of CSI-RS REs. In fact, the frequency tracking may even hurt the performance if the tracking error becomes larger than the actual Doppler shift present between TPs. Therefore, the achievable accuracy of CSI-RS based frequency should be carefully investigated against the actual Doppler shift for CoMP eNBs.

4
Conclusion

This paper addressed quasi-co-location assumptions with regard to Doppler shift and Doppler spread and pointed out a potential conflict with the earlier NCT conclusion that CSI-RS is insufficient for accurate frequency estimation.  Two proposals were discussed on how this conflict could be resolved.

It seems desirable to clarify this issue in RAN1 in order to communicate a common understanding to RAN4.  
The importance of addressing this issue was illustrated by evaluation results. 
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