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1. Introduction
In RAN4#66bis, the discussion continued on Release-11 CoMP testing. The agreements on demodulation performance requirements were captured in a way forward document in [1]. It was left for further study, whether to introduce an SNR test, verifying that the UE measures the channel gain for demodulation from DM-RS rather than CRS. In this contribution, we discuss the feasibility of such a test. For the analysis, we have carried out link-level simulations, modeling a multi-point network deployment with non quasi co-located antennas.
2. Quasi co-location assumption on channel average gain 
The antenna port quasi co-location assumptions for PDSCH were defined in Release-11. As described in section 7.1.10 of [2], in all DM-RS-based PDSCH transmission modes, the DM-RS antenna ports cannot be assumed to be quasi co-located with any other reference signal with respect to average gain. It should be noted that this behavior is valid for both quasi co-location types (type A and B) in TM10.
The only valid estimation resource for channel average gain is DM-RS in transmission modes 8-10. Basically this affects e.g. the DM-RS filter selection in channel estimation, where the CRS cannot be used for filter SNR selection. The motivation for designing the quasi co-location assumptions was the possibility of using multi-point transmission, introduced by TM10. However, the DM-RS and CRS average gains are not considered equal even in single-point deployments; hence the quasi co-location assumption is extended to cover also TM8 and TM9. In case of single-cell transmission, the average gain between CRS and DM-RS may differ, due to the CRS boosting and DM-RS precoding gain.
In a multi-point deployment, the largest CRS-to-DM-RS power offsets can be expected in a single cell-ID CoMP deployment (Scenario 4), when the CRS are sent from the macro point only. In case the UE is close to a pico node, the power of the macro-originated CRS can be considerably lower than the power of PDSCH and DM-RS from the pico node. Therefore, CoMP Scenario 4 is considered in our evaluation of the feasibility of an SNR test.
3. Simulation setup and results

In order to evaluate the performance difference between CRS and DM-RS based channel gain estimation, a series of link-level simulations was carried out. The simulation setup mimics a single cell-ID CoMP deployment, with explicitly modeling two transmission points. The CRS are sent from the macro point and the PDSCH and DM-RS from the pico point. A power offset is applied between the tx-points, in order to create a mismatch between CRS and DM‑RS ‑estimated channel average gain. Because of the mismatch, it expected to see a throughput loss, when CRS is used for channel gain reference. More detailed simulation assumptions are given in Annex A in Table 1.

The simulation results for 16QAM-1/2 are presented in Figure 1. Results for 64QAM-3/4 are in Figure 2. The curves, plotted with solid line, represent the performance with correct UE behavior, using DM-RS based SNR estimation. The curves with dashed line show the performance with CRS based SNR estimation. The larger the CRS offset is, the larger loss is expected for CRS based SNR estimation, due to the incorrect DM-RS channel filter selection.
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Figure 1: PDSCH throughput for 16QAM-1/2

In Figure 1, it is observed that using the incorrect channel average gain reference (CRS based estimation), the throughput loss is visible, roughly 1 – 2 dB in SNR at 70%-throughput level, depending on the CRS power offset.
It is also observed that even with correct channel average gain reference (DM-RS based estimation), there is a slight throughput loss, when the CRS power offset is very large (-12 dB). This is because of the frequency offset estimation of UE QCL behaviour B: the CRS SNR becomes very low, and frequency offset correction has considerable amount of jitter, thus affecting the PDSCH throughput performance. However, for a real life network implementation, having a very large CRS power offset together with 16QAM MCS is not to be expected. The overall serving cell SNR (around 2-8 dB) suggests that the UE is not extremely close to the pico transmission point, and the macro CRS power should be better balanced with the pico PDSCH/DM-RS power.
Observation:

· With 16QAM-1/2 MCS, a separation of 1 – 2 dB can be expected, when comparing correct and incorrect behaviors for estimating the channel average gain.
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Figure 2: PDSCH throughput for 64QAM-3/4
In Figure 2, a similar comparison to the previous one is presented with 64QAM-3/4. It is observed that the SNR gap between the correct DM-RS based and the incorrect CRS based channel gain estimation is 1 – 4 dB at 70%-throughput level, depending on the CRS power offset. It is also observed, that with the higher serving pico SNR, required for 64QAM transmission, there is no performance degradation in the correct DM-RS based behaviour, even with a very large CRS power offset: the macro-CRS SNR is high enough for correct frequency offset estimation.
From test case perspective, 64QAM seems to be the better choice of MCS, should RAN4 introduce an SNR estimation test for Release-11 CoMP. Larger differentiation is expected with 64QAM, and the CRS SNR does not drop on a too low level, despite the applied offset between CRS and PDSCH/DM-RS power levels. If the SNR estimation test is adopted, it should be included as a part of Test 1 (CoMP scenario 4 demodulation) of the agreed test cases in [1].
Observations:

· With 64QAM-3/4 MCS, a separation of 1 – 4 dB can be expected, when comparing correct and incorrect behaviors for estimating the channel average gain.

· From test case design perspective, 64QAM provides larger differentiation for an SNR estimation test.
4. Conclusion 
In this contribution, we analyzed the feasibility of testing UE channel average gain (SNR) estimation. Based on the conducted link-level simulations, we made the following observations:
Observation:

· With 16QAM-1/2 MCS, a separation of 1 – 2 dB can be expected, when comparing correct and incorrect behaviors for estimating the channel average gain.
· With 64QAM-3/4 MCS, a separation of 1 – 4 dB can be expected, when comparing correct and incorrect behaviors for estimating the channel average gain.

· From test case design perspective, 64QAM provides larger differentiation for an SNR estimation test.
We wish the group takes the provided results and observations into account when making the decisions on testing the channel average gain estimation.
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Annex A

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, 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)

· 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
	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 +1 µs compared to the macro CRS timing
PDSCH tx-point has a frequency offset  of 30 Hz compared to the macro CRS center frequency

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

	Timing and frequency estimation for demodulation
	Behaviour B: demodulation timing is obtained from realistic CSI-RS estimation (follow PQI), frequency offset is estimated from CRS

	Channel average gain estimation for DM-RS filter selection
	1. CRS based SNR estimation

2. DM-RS based SNR estimation

	Simulation length
	50000 subframes



