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1
Introduction
This paper addresses frequency synchronization performance for CoMP in the light of recent quasi-co-location agreements.  In particular, recent agreements imply that a UE is required to perform frequency estimation based on the CSI-RS which is in conflict with the earlier conclusion, reached as part of NCT studies, that CSI-RS is insufficient for frequency tracking. 

We make several proposals on how this contradiction could be resolved.  Further, it seems desirable to communicate the outcome of the RAN1 discussion to RAN4 once a common understanding has been reached. 

2
Discussion
At RAN1#70 and in a subsequent email discussion it was agreed to define a UE behavior which implies quasi-co-location of PDSCH DM-RS and a signaled CSI-RS resource.  The description of this 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 }

Quasi-co-location between CSI-RS and CRS, which would implicitly link PDSCH DM-RS with CRS, was discussed in parallel; however, no consensus has been achieved so far.  This lack of agreement has the unfortunate implication that the UE is expected to derive Doppler shift and Doppler spread estimates based on CSI-RS.  This contradicts the earlier conclusion of NCT studies that CSI-RS cannot be used reliably for frequency estimation.  
In discussions at RAN1#70bis in San Diego, it was suggested that the UE could perform frequency estimation based on a combination of CSI-RS and PDSCH DM-RS.  This was proposed in particular as a potential way of removing aliasing effects that are the unavoidable outcome of the sparse CSI-RS density in frequency.  

Proposals such as the above, which rely on the frequent presence of DM-RS for resolving estimation inaccuracies, have numerous shortcomings and cannot serve as a basis for resolving this issue.  In particular, any proposal that relies on DM-RS presence makes the fundamental assumption that the UE will be scheduled frequently enough with PDSCH transmissions.  However, there is no guarantee that this will be the case in practical setups, especially considering the nature of bursty traffic.  One argument in support of DM-RS based ambiguity resolution was that the eNB frequency offset would change only slowly.  This; however, is not what should be expected.  If large frequency errors were present, they would have to be necessarily short term; otherwise time synchronization between CoMP transmission points could not be maintained.  Therefore frequent changes in frequency offset should in fact be expected.  Note that the only way for an eNB to correct for timing errors is by offsetting its own clock frequency (see Section 6.5.1 in [3]); therefore timing adjustments result in frequent sign changes in frequency offset.  Moreover, such proposals have not been considered in RAN1 thus far, except for informal discussions at meetings.  Therefore, without proper study, we consider it premature to rely on such a mechanism for resolving the frequency ambiguity. 

To resolve the aforementioned conflict, we propose to consider adopting one of the below alternatives: 

· Alt-1: Introduce CRS/CSI-RS quasi-co-location signaling.  If CRS/CSI-RS quasi-co-location signaling is introduced, it would result in an implicit linkage between PDSCH DM-RS and a signaled CRS.  Based on this information, the UE may use CRS for performing the Doppler shift and Doppler spread estimation which is known to provide robust frequency estimation performance.  
· Alt-2: Require negligible eNB frequency error within a CoMP coordination set.  In the absence of CRS/CSI-RS quasi-co-location signaling, RAN4 could introduce a requirement for maintaining small relative eNB frequency error within a CoMP coordination set (i.e., smaller than existing requirements for non-CoMP).  This would enable the UE to use the CRS for frequency tracking thereby avoiding CSI-RS based frequency estimation. 
· Alt-3: Relax UE performance requirements.  If relative eNB frequency errors are possible within a CoMP coordination set and the UE is forced to use CSI-RS for frequency estimation (because of a lack of agreement on other options), then UE performance relaxations need to be introduced that capture the performance degradation due to CSI-RS based frequency measurement.  Such a performance relaxation could be evaluated and introduced by RAN4.  Note that it would apply regardless of whether a particular RAN4 test has zero or non-zero frequency offset because the UE will have to perform inaccurate CSI-RS based frequency estimation regardless. 
Alt-1 or Alt-2 above are preferred over Alt-3 as they avoid having to compromise CoMP performance.  

In our view, it is important to reach a common understanding on the above alternatives.  If consensus is reached in RAN1 it should be communicated to RAN4. 

Note that large sustained frequency offsets between transmission points are anyhow not possible because it would result in unbounded timing drift.  Short term frequency offsets are possible but the time synchronization requirement would necessitate improved frequency synchronization as well.   

Regarding the CRS co-location signaling, our proposal is that for each of the four possible QCL states, a CRS PCI could be optionally added. Multiple states could have the same associated CRS. However, we don't see a need for CRS PCI being added to the CSI process configuration for any CSI-RS that is in the CoMP measurement set but not associated with any of the QCL states. 
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.

4
Conclusion

This paper addressed quasi-co-location assumptions with regard to Doppler shift and Doppler spread and pointed out a contradiction with the earlier NCT conclusion that CSI-RS is insufficient for accurate frequency estimation.  Three alternatives were discussed on how this conflict could be resolved: 
· Alt-1: Introduce CRS/CSI-RS quasi-co-location signaling.
· Alt-2: Require negligible eNB frequency error within a CoMP coordination set.

· Alt-3: Relax UE performance requirements.

Alt-1 or Alt-2 above are preferred over Alt-3 as they avoid having to compromise CoMP performance. 
The importance of addressing this issue was illustrated by evaluation results. 
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