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Discussion
1
Introduction

In RAN4#66, a maximum frequency offset of 200 Hz for quasi-colocation testing in CoMP was agreed [1]. However, the detailed test case setup is still under discussion, including also the power offsets between the transmission points. In this contribution, we analyse the effect of CRS power offset on UE frequency tracking performance in non-quasi-colocated antenna deployments.
2
Frequency estimation in different cell-ID scenarios
In Release-11 CoMP, the UE is configured with a reference CRS resource that can be used for estimating Doppler shift and Doppler spread. In the case of different cell-ID CoMP, each transmission point has its own CRS sequences, which enables per-point frequency offset estimation. In order to test the frequency offset estimation in a multi-point deployment, it is necessary to use relatively large MCS classes, which helps revealing incorrect UE behaviour. 

We have observed earlier, that in case of non-colliding CRS, the CRS interference from one point causes serious degradation of PDSCH detection performance, if high MCS classes are used [2]. The degradation is due to the interferer CRS distorting the PDSCH REs, but the CRS-based frequency estimation itself is not impacted by the interference. Hence, it is not justifiable to test frequency estimation in the presence on non-colliding CRS interference, as the poor PDSCH detection performance will hide the differences between correct and incorrect frequency estimation behaviour.
In the case of colliding CRS, there is no CRS-to-PDSCH interference. However, the frequency estimation itself is now affected from the CRS-to-CRS interference. In order to investigate the CRS-based frequency offset estimation performance in a colliding CRS scenario, we conducted a series of link-level simulations with different CRS power offsets. 
The results for 16QAM and 64QAM are given in Figure 1 and Figure 2, respectively. As a performance reference, throughput curves with MBSFN-subframe-based blanking are given for both cases. For these curves, the CRS interference is minimal. As a second performance reference, PDSCH throughput with UE QCL behaviour A is shown, for which large performance degradation is expected, due to the incorrect frequency estimation reference. It should be noted that CRS-IC is not used in the evaluation. More detailed simulation assumptions are listed in Annex A.
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Figure 1: Colliding CRS, 16QAM-1/2 PDSCH throughput
	[image: image2.emf]5 7 9 11 13 15 17 19

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

x 10

6

SNR [dB]

Throughput [bit/s]

2x2 EVA5, 3PRB, 64QAM-3/4, 200Hz / 0µs

 

 

Beh. B: MBSFN subframe

Beh. B: Coll-CRS 0dB offset

Beh. B: Coll-CRS 3dB offset

Beh. B: Coll-CRS 6dB offset

Beh. B: Coll-CRS 9dB offset

Beh. A: Coll-CRS 0dB offset


Figure 2: Colliding CRS, 64QAM-3/4 PDSCH throughput


In Figure 1, it is observed that with 16QAM-1/2 transmission, the CRS-based frequency estimation can tolerate rather heavy CRS-interference. When the CRS power is equal from two tx-points (0 dB offset), the throughput performance is equal to MBSFN reference. Even with 9 dB CRS interference, the throughput performance does not degrade significantly. 

In Figure 2, the 64QAM-3/4 results show that the throughput performance remains on a good level with CRS interference of up to 3 dB. With 3 dB power offset, the PDSCH performance difference in SNR is less than 0.5 dB. With equal power from the tx-points, the performance difference to MBSFN-reference is less than 0.2 dB.  With higher CRS interference levels (6 or 9 dB), the throughput starts to degrade considerably.
Comparing the results between 16QAM and 64QAM, it is obvious that the amount of frequency estimation error, caused by CRS interference, is the same in both cases. However, 64QAM is more vulnerable to the residual frequency error, thus showing larger throughput differences for higher CRS interference levels.

From test case design perspective, the frequency tracking part of QCL testing needs to be done with different cell-ID CoMP setup, as multiple CRS resources cannot be configured in CoMP Scenario 4. Based on our results, the best differentiation between correct and incorrect UE behaviour can be shown with MBSFN blanking. However, if MBSFN blanking approach is not agreeable, an alternative is to use colliding CRS without MBSFN blanking and to use CRS power offset of less than 3dB. With larger CRS power offsets, it would be difficult to find alignment between companies, as the reference receiver design regarding CRS interference handling has not been agreed for Release-11 CoMP.
Proposal:
-
For the test of UE frequency tracking functionality in CoMP, CRS interference is minimized though MBSFN blanking. If the MBSFN approach is not found satisfactory, colliding CRS with power offset of less than 3 dB should be applied.
3
Frequency estimation in same cell-ID scenario
In CoMP Scenario 4, the CRS can be sent from only the macro point or from all the tx-points with SFN type of transmission. In case of macro-only CRS, there can be large power offsets between PDSCH power level and CRS power level, when the UE is located close to an RRH. This could have an effect on the CRS-based frequency tracking. However, compared to the different cell-ID scenarios, there is no heavy CRS interference present in macro-only CRS setup.
In order to see the effects of tx-point power offsets in CoMP Scenario 4 on frequency tracking performance, we conducted a series of link-level simulations. Only a very small frequency offset of 30 Hz was used, as there is no per-point CRS reference available. Despite the small offset, the estimation errors will affect the PDSCH performance, due to the incorrect compensation of the frequency offset. Macro-only CRS were used in the evaluation and the results are presented in Figure 3, Figure 4 and Figure 5 for QPSK-1/3, 16QAM-1/2 and 64QAM-3/4, respectively. More detailed simulation assumptions are listed in Annex A.
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Figure 3: Macro-only CRS, QPSK-1/3 PDSCH throughput
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Figure 4: Macro-only CRS, 16QAM-1/2 PDSCH throughput
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Figure 5: Macro-only CRS, 64QAM-3/4 PDSCH throughput
	


It is observed that for QPSK, the degradation is the worst when the macro CRS power is 12 dB below the PDSCH power level. However, it should be noted that the PDSCH SNR is already rather low, around 0 dB, and with very large CRS power offset, the CRS SNR is roughly -10 dB. Because of the very low CRS SNR, the limiting factor starts to be the CRS-based common channels instead of PDSCH frequency tracking. PDCCH decoding was not modelled in the simulation, but based on the CRS SNR, the UE would most probably declare radio link failure. Therefore, the QPSK case with very large power offsets is not relevant from real life performance perspective.
In case of 16QAM and 64QAM, the CRS-to-PDSCH power offset does not cause large performance degradation. It is seen that when CRS SNR is larger than -5 dB, the frequency tracking accuracy is sufficient. For very large power offsets in a real-life implementation, the receiver dynamics start to be the limiting factor. It is expected that when the CRS power is much lower than the PDSCH power level, the quantization noise in A/D conversion starts to affect the frequency tracking accuracy. However, the same degradation affects also the CRS-based common channels, causing issues with detection of e.g. the common search space. Optimizing the frequency tracking performance for extremely large CRS-to-PDSCH power offsets is not reasonable, if the CRS-based common channels are the actual bottleneck.
Observation:
-
The accuracy of CRS-based frequency tracking is sufficient, when CRS SNR is larger than -5 dB. For macro-only CRS CoMP deployment, optimizing the frequency tracking performance for extremely large CRS-to-PDSCH power offsets is not well motivated.
4
Conclusion

In this contribution, we evaluated the accuracy of CRS-based frequency tracking in both different cell-ID and same cell‑ID CoMP scenarios. Based on our observations we make the following proposal:
Proposal:
-
For the test of UE frequency tracking functionality in CoMP, CRS interference is minimized though MBSFN blanking. If the MBSFN approach is not found satisfactory, colliding CRS with power offset of less than 3 dB should be applied.
In addition, related to CoMP Scenario 4, we have the following observation:

Observation:
-
The accuracy of CRS-based frequency tracking is sufficient, when CRS SNR is larger than -5 dB. For macro-only CRS CoMP deployment, optimizing the frequency tracking performance for extremely large CRS-to-PDSCH power offsets is not well motivated.
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Annex A: Simulation assumptions

Table 1: Link level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler spread (Hz)
	EVA5 (independent fading between the Tx-points)

	Number of Tx-points 
	2

	Path-loss to Tx-points
	Path-loss difference between Tx-points: {0, 3, 6, 9, 12} dB

	PDSCH resource allocation
	3 PRBs

	Transmission scheme
	Closed-loop rank-1 transmission from a single Tx-point

	HARQ
	Enabled, up to 4 transmissions

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx (2x2)

	PMI granularity
	Wideband

	PMI reporting delay
	8 ms

	PMI reporting periodicity
	5 ms

	Modulation and coding
	Fixed reference channels (FRC)

· QPSK-1/3

· 16QAM-1/2

· 64QAM-3/4

	CSI-RS configuration
	2-Tx CSI-RS, 5 ms periodicity (2x2)

	CRS configuration
	2 CRS ports

	CRS frequency shift
	Different cell-ID CoMP: CRS are transmitted from both points, colliding CRS
Same cell-ID CoMP: Macro only CRS

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1 (AP7)

	Channel estimation for feedback
	CSI-RS: Realistic channel estimation

	Channel estimation for demodulation
	DM-RS: Realistic channel estimation over 1 PRG

	FFT timing
	FFT window aligned according to serving cell transmission

	Considered time delays and frequency offsets
	PDSCH tx-point has a timing offset  of {0 µs, +1 µs} compared to the serving cell 

PDSCH tx-point has a frequency offset  of {30 Hz, 200 Hz} compared to the serving cell

	Timing estimation for feedback
	Realistic timing estimation over CSI-RS for PMI feedback

	Timing and frequency estimation for demodulation
	1. Behaviour A: demodulation timing, DM-RS filter parameters and frequency offset are estimated from CRS

2. Behaviour B: demodulation timing and DM-RS filter parameters are obtained from realistic CSI-RS estimation, frequency offset is estimated from CRS

	Simulation length
	50000 subframes



