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1
Introduction
In RAN4#65, the discussions continued on non-quasi-colocated antenna deployments and their impact on UE demodulation/CSI requirements. A framework for further link level evaluations was agreed in [1]. The framework was augmented by two way forward documents [2]

 REF _Ref345061420 \r \h 
[3]. In this contribution, we discuss the details of quasi-colocation testing, and we provide link-simulation results on timing offsets and carrier frequency offsets in network deployments, where the antenna ports are non-quasi-colocated.
2
PDSCH RE mapping and quasi-colocation indication
The remaining open issues on quasi-colocation assumptions and signalling were finalized in RAN1#71. In transmission mode 10, the UE is configured with one of the two quasi-colocation types by higher layer signalling, as described in [4]. The quasi-colocation type A corresponds to Release-10 UE behaviour, where CRS ports are fully quasi-colocated with DMRS ports. The quasi-colocation type B enables multi-point operation, where CRS ports do not share all the large-scale properties of the channel with DMRS ports.
The quasi-colocation type B requires both semi-static and dynamic signalling. The DCI format 2D includes a 2-bit indicator field that enables switching between the 4 semi-statically configured RE mapping and antenna quasi-colocation parameter sets. Each parameter set includes a quasi-colocated CSI-RS reference resource and indirectly also a (partially) quasi-colocated CRS reference resource. The following information is configured per parameter set, in order for the UE to rate-match PDSCH REs correctly and for quasi-colocation reference resource [4]:
•
Number of CRS antenna ports for PDSCH RE mapping
•
CRS frequency shift for PDSCH RE mapping
•
MBSFN subframe configuration for PDSCH RE mapping
•
Zero-power CSI-RS resource configuration for PDSCH RE mapping
•
PDSCH starting position for PDSCH RE mapping
•
CSI-RS resource configuration identity for PDSCH RE mapping

It can be observed that each parameter set includes only one CRS resource for the RE mapping purposes. Therefore, it is impossible to signal the UE to rate-match around multiple CRS resources. This needs to be taken into account, when designing the functional tests for UE’s quasi-colocation behaviour, as CRS interference cannot be avoided by rate-matching configuration in CoMP scenarios with different cell-IDs.
3
CRS interference with high MCS classes
In RAN1#71, it was agreed to have quasi-colocation assumption wrt. Doppler shift and Doppler spread for each CSI-RS resource between CSI-RS ports and CRS ports of a cell for quasi-colocation type B. The motivation was to enable CRS-based frequency offset estimation. It should be noted that the new agreement for quasi-colocation type B does not allow the UE to estimate delay spread, average gain or signal timing from CRS.
From functional testing perspective, the frequency offset estimation requires a CRS resource that is separate from the serving cell CRS. The UE locks on to the serving cell CRS and additional tx-point-specific frequency offset corrections are done post‑FFT. If only the serving cell CRS are configured, the additional frequency tracking and post-FFT correction are not tested. Therefore, for the functional testing of frequency tracking from multiple CRS resources, a CoMP setup with different cell-IDs is needed.

As mentioned in Section 2, the different cell-ID scenario implies the presence of CRS interference, which cannot be avoided by the rate matching configuration of TM10. The CRS interference may become problematic with the high MCS classes that are needed for separating a proper frequency estimation implementation from a bad one.
We studied the effect of CRS interference by using UE behaviour B in MBSFN and non-MBSFN subframes. The results are presented in Figure 1 and Figure 2 for 16QAM-1/2 and 64QAM-3/4, respectively.
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Figure 1: (16QAM-1/2) – EVA5 2x2 – Offsets: 30 Hz / 0s
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Figure 2: (64QAM-3/4) – EVA5 2x2 – Offsets: 30 Hz / 0s


It is observed that the CRS interference of the serving cell causes problems for receiving the PDSCH from the other transmission point. With higher MCS the effect becomes more pronounced, and 64QAM-3/4 transmission hits a throughput ceiling around the 50%-point of the maximum achievable throughput of that MCS. 
It should be noted that pathlosses to the serving and to the PDSCH transmission points were equal in this study. With a higher pathloss to the serving cell, the CRS interference could be decreased down to some level. However, the serving signal level cannot be lowered arbitrarily, or the UE may declare radio link failure.
Other options for mitigating the CRS interference in different cell-ID test scenarios are e.g. MBSFN subframes, CRS cancellation and colliding CRS between the tx-points. Our preference is to use MBSFN subframes to remove the serving cell CRS interference during the transmission of PDSCH from the second tx-point. Requiring CRS cancellation in CoMP demodulation tests should be avoided, as it creates linkages between UE features, of which some may become optional. However, colliding CRS could be one option but it requires further studies from frequency tracking perspective, before it can be recommended as a part of CoMP demodulation tests.
Observation:

-
In different cell-ID CoMP scenarios, the CRS interference causes PDSCH throughput degradation when high MCS classes are used. The use of a high MCS class is required for proper functional testing of CoMP quasi-colocation.

Proposal:

-
MBSFN subframes should be used in the serving cell during PDSCH transmission in quasi-colocation functional tests.
4
PDSCH timing offset estimation

In transmission mode 10, the UE can be configured with quasi-colocation type A or B, depending on the network deployment. The UE behaviour depends on the configured quasi-colocation type. In the following simulations we have used two different UE behaviours regarding the timing, frequency offset and DM-RS filter parameter estimation: 

Behaviour A:

· CRS and DM-RS are assumed quasi-colocated.

· Timing, frequency offset and DM-RS filter parameters are acquired from realistic CRS-based estimates.

Behaviour B:

· A reference CSI-RS resource and DM-RS are assumed quasi-colocated. A reference CRS resource is available for frequency offset estimation.

· Timing and DM-RS filter parameters are acquired from CSI-RS-based estimates. Frequency offset is estimated from CRS.
It was agreed that the timing range, used for the PDSCH timing offset estimation, will be agreed in this meeting. We evaluate the impact of timing offset on both UE behaviours in a non-quasi-colocated CoMP setup. In that type of setup, it is expected that the UE behaviour A will suffer a performance loss. 
For the evaluation, we used an extended link simulation, i.e. by explicitly modelling the transmission points and associated signal propagation to the UE. UE has equal pathlosses to both transmission points. MBSFN subframes are applied in the serving cell to protect the PDSCH transmission from CRS interference. Frequency offsets are not applied; however, realistic estimation for frequency offset is still enabled.
The throughput results for EPA5 channel are presented in Figure 3 and Figure 4 with timing offsets of 1.0 µs and 2.0 µs, respectively. Similar results for EVA5 channel are presented in Figure 5 and Figure 6. Detailed simulation assumptions are given in Annex A.
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Figure 3: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EPA5 2x2 – Offsets: 0 Hz / 1.0s
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Figure 4: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EPA5 2x2 – Offsets: 0 Hz / 2.0s
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Figure 5: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 0 Hz / 1.0s
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Figure 6: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 0 Hz / 2.0s


It is observed that UE behaviour A suffers a considerable throughput loss from the timing offset in a relatively flat EPA5 channel. The incorrect assumption of the timing reference leads to distortion in frequency response and sub-optimal DMRS filtering. This effect is pronounced, because in EPA5 the estimated RMS delay spread is low, and a filter with a wide reach in frequency is selected.
In EVA5 channel, incorrect timing reference does not cause as bad throughput loss as in EPA5 channel. However, with 2.0 µs offset, the throughput loss is still 2-4 dB at 70%-tput point depending on the selected MCS. From functional testing perspective, an offset of 2.0 µs is enough to show a clear performance difference between correct and incorrect UE behaviour.
Proposal:

-
Timing offset between two transmission points should not exceed 2.0 µs, in the requirement scenarios.
5
PDSCH frequency offset estimation
In addition to timing offsets, we evaluated the performance impacts of frequency offset estimation and related post-FFT correction. In UE behaviour B, it is assumed that there is a CRS reference resource for frequency offset estimation, as agreed in RAN1#71.

The evaluation is similar to the timing offset simulations, shown in the previous section. We evaluated the impact of a residual frequency error in an extended link simulation, i.e. by explicitly modelling the transmission points and associated signal propagation to the UE. UE has equal pathlosses to both transmission points. The UE behaviours regarding quasi-colocation are the same as described in Section 4. MBSFN subframes are applied in the serving cell to protect the PDSCH transmission from CRS interference.

Both UE behaviours are tested in a non-quasi-colocated setup, where there is 50 - 300 Hz frequency offset between the transmission points. Timing offsets are not applied; however, realistic estimation of the timing is still enabled.
The throughput results are presented for EVA5 channel in a range of figures from Figure 7 to Figure 10. Detailed simulation assumptions are given in Annex A. EPA5 results are not shown, as the frequency selectivity of the channel has no substantial effect on the frequency offset estimation, and the observations are identical.
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Figure 7: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 50 Hz / 0s
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Figure 8: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 100 Hz / 0s
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Figure 9: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 200 Hz / 0s
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Figure 10: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 300 Hz / 0s


It is observed that incorrect UE behaviour will cause a considerable loss in 64QAM throughput performance, when the frequency offset is 100 Hz or larger. Similarly, for 16QAM, the throughput loss is significant, when frequency offset is 200Hz or more. QPSK is very robust against frequency error.

All in all, a frequency offset of 200 Hz between transmission points is shown to clearly discriminate proper and improper UE implementation.
Proposal:

-
Frequency offset between two transmission points should not exceed 200 Hz, in the requirement scenarios.
6
Combined effect of timing and frequency offset
Based on our proposals on maximum timing and frequency offsets in the requirement scenarios, we analysed the applicability of the proposed values for functional tests, intended for discriminating proper and improper UE implementation of PDSCH quasi-colocation behaviour. EVA5 channel is applied in this evaluation, and the simulation setup and UE behaviours are similar as used earlier in Sections 4 and 5. The results are given in Figure 11. 
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Figure 11: (QPSK-1/3 + 16QAM-1/2 + 64QAM-3/4) – EVA5 2x2 – Offsets: 200 Hz / 2.0s


It can be observed that with both 16QAM-1/2 and 64QAM-3/4, a clear separation of UE behaviours A and B are seen. In terms of SNR, the separation is larger than 5 dB in the meaningful SNR range for both MCS classes.
Observation:

-
With the proposed offset values of 2.0 µs and 200 Hz, there is a clear separation of correct and incorrect UE behaviour in non-quasi-colocated CoMP setup.
In addition, it should be noted that even larger separation of UE behaviours A and B could be achieved by using EPA5 channel, because of a larger throughput loss in case of incorrect timing estimation. 
7
Conclusion

It was identified that CRS interference causes PDSCH throughput degradation when high MCS classes are used in a different cell-ID CoMP setup. In order to address this issue, we made the following proposal:
Proposal:

-
MBSFN subframes should be used in the serving cell during PDSCH transmission in quasi-colocation functional tests.
In addition, we studied the effect of time and frequency offsets in a non-quasi-colocated antenna port deployment. Based on the observations, we made the following proposals:
Proposals:

-
Timing offset between two transmission points should not exceed 2.0 µs, in the requirement scenarios.

-
Frequency offset between two transmission points should not exceed 200 Hz, in the requirement scenarios.

The proposed values were shown to provide the quasi-colocation functional tests with a clear separation of correct and incorrect UE behaviour.
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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)
	EPA5, EVA5 (independent fading between the Tx-points)

	Number of Tx-points 
	2

	Path-loss to Tx-points
	Path-loss identical to both Tx-points

	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
	CRS are transmitted from both points, non-colliding

	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 {1 µs, 2 µs} compared to the serving cell 

PDSCH tx-point has a frequency offset  of {0 Hz, 50 Hz, 100 Hz, 200 Hz, 300 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



