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1 Introduction
In [1] a possible way of testing PMI reporting was proposed – inspired by the WCDMA MIMO tests – using a number of static channels with embedded precoders to verify PMI in static tests. Another way is to check reporting of UE recommended precoders by using a relative throughput test [2], which can directly be related to system performance. In this contribution we pursue the latter approach and propose a test methodology for verifying PMI reporting.

Code-book based precoding for single-layer (single codeword) can provide significant user and system gains: there is a significant SNR gain (> 2 dB) so that a certain user performance can be achieved at lower SNR. This is also beneficial for average cell capacity. Just like CQI reporting, the PMI reporting is beneficial at lower speeds due to the inherent reporting delay. Nevertheless, high-capacity and performance demanding scenarios most often involve low-speed terminals, and indoor communication is prevalent.  Hence, it is important to properly verify PMI reporting.
SNR gains (or precoding gains) of 2-3 dB for spectrally white interference (and spatially uniform) can be obtained for several transport formats and thus in different parts of the cell. To exploit these gains it is important that the PMI reporting capability of each mobile is tested so the methodology should be sufficiently receiver agnostic. We therefore propose to test the PMI reporting using a relative throughput test specifying a requirement in terms of a minimum SNR gain, which is directly related to the system performance gains. It is recognised that PMI reporting is also included in FRC tests for both single-a dual-layer transmission, but the test points are absolute and devised by taking the average of many company results, i.e. different receiver implementations, and mobiles without requisite PMI reporting may then still pass the test.
Next we take a look at the possible system gains of proper PMI selection.

2 Impact on system and user performance
First we take a look at the possible SNR improvement that can be achieved with precoding for two different FRC. The interference is spectrally white. Two cases are studied for both frequency selective and wideband precoding:
1. QPSK 1/3 with more dispersive channel EVA that may be relevant at (urban and rural) cell edges

2. 16QAM 1/2 with a flat EPA channel that is more typical closer to the cell site

A 10 MHz channel bandwidth, 5 Hz Doppler and a 2 x 2 antenna configuration are assumed, and the antenna correlation is low which may be more typical at 2 GHz bands. We compare with the case in which the transmitter (eNode B) precoders are randomly selected in each subframe, which may represent a case in which the UE PMI reporting is not accurate (or the speed is too high). Receiver diversity is of course always exploited.
From Figure 1 it is evident that an SNR improvement with regard to random precoding of 2 – 4 dB can be achieved for 16QAM over a large SNR range. 
For the QPSK case similar gains can be noted for SNRs in the range of -2 dB (still allowing control channel decoding) so beneficial at the cell edge. There is also a slight improvement for frequency selective precoding for the EVA channel, which motivates a test of frequency selective reporting for further gains – particularly important at the cell edge.
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Figure 1: UE recommended precoding versus random precoding for two FRC
One could also have chosen a fixed precoder as a reference which would give similar results, but this is less optimal from a testing perspective.

Next we relate this to system performance starting at the cell edge, assuming the 3GPP Case 1/3 (see TS 25.814) which involves a uniform hexagonal cell pattern. Figure 2 shows the cell-edge SNR at different maximum path loss (cell ranges) and utilization (load). For high load the curves are flat since the cell edge SNR is governed by inter-cell interference, for larger path loss values the SNR is starting to become noise limited. Now, and SNR gain of 2-3 dB in the range around -2 dB (QPSK) means that a particular mobile can withstand larger inter-cell interference (higher load) at a maintained user performance, or achieve the same performance in larger cells, i.e. at higher path loss for a given utilization.
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Figure 2: cell-edge SNR as a function of path loss (cell range) for different load
As for the remaining part of the cell, Figure 3 shows the SNR distribution across a cell for different utilizations (at 132 dB cell edge loss interference is dominating the noise). Looking at e.g. the 16QAM 1/2 mode for which there is a 2 - 4 dB SNR gain in the range around 5 -10 dB SNR, the SNR improvement means that this mode can be used further out in the cell at a prescribed user performance. For example, for full load (utilization one) the results in Figure 1 suggest that for 16QAM the cell coverage can be increased from 20% (i.e. 80% CDF level) to 50% at maintained throughput using requisite precoding following the UE reports.

                      
[image: image3]
Figure 3: SNR distribution for the 3GPP 1/3 Scenario with inter-site distance 1 km
The above data is simulated but similar SNR characteristic can be observed in live networks. Figure 4 shows real data but for WCDMA but this may still give an indication. The WCDMA geometry plot below low is based on data collected over a HSDPA/WCDMA commercial network in a major city [3], at low load during night time so mostly control channel interference (see RAN4#38 report). However, this will also represent the cell SNR distribution in a uniformly loaded LTE network at reuse one, and there are similarities between the curves in Figure 3 for high utilization. Note the steepness of the CDF which means increased cell coverage for a certain transport format already at precoding gains of 2-3 dB. 
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Figure 4: Geometry for a WCDMA live network
If a sufficiently large number of mobiles can exploit a SNR gains by means of precoding feedback, the cell capacity will increase and thus spectral efficiency.  A relative throughput test is therefore motivated to make the test more receiver agnostic: possible precoding (SNR) gains should also be realized by mobile already equipped with e.g. a good channel estimator.
To sum up: 2-3 dB SNR gain by means of proper PMI reporting has substantial impact on system performance and should therefore be tested.
3 PMI test configuration
Now we turn to the test configuration: we propose to test PMI reporting at two different SNR levels based on the SNR (or precoding) gain:

1. QPSK and EVA5 using frequency selective precoding with PUSCH 1-2

2. 16QAM 1/2 and EPA5 using wideband precoding with PUSCH 3-1

A low speed is implied since precoding feedback should be small in comparison to the channel coherence time. Contrary to the CQI tests, we propose to keep the transport format constant corresponding to a fixed CQI index but vary the precoders (PMI). The requirement is specified in terms of the difference of the SNR required for achieving [95]% of the maximum throughput following the UE reports and using random precoding selection, respectively. This SNR gain will be denoted “precoding gain” in what follows.
A framework for a text proposal is shown below; some indicative numbers of the precoding (SNR) gain based on Figure 1 are shown for FDD (Table 1A).
Minimum requirements

The minimum performance requirements of PMI reporting are defined based on the difference between the SNR(s) required to achieve 95% of the maximum throughput when the when transmitter precoders are varying randomly and when configured according to the UE reports, respectively. Transmission mode [4 or 6] is used with a fixed transport format (FRC) configured. For the parameters specified in Table 1, the requirements are specified in terms of an improvement of the SNR defined as
Precoding gain = SNRrnd – SNRue
where SNRrnd and SNRue are the SNR required for achieving the throughput for randomly selected precoding and when configured according to the reported PMI, respectively. 
Table 1 PMI test for single-layer (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Transmission mode
	
	[4 or 6]

	Propagation channel
	
	EVA5
	EPA5

	Precoding granularity
	
	6
	50

	Correlation and antenna configuration
	
	Low 2 x 2
	Low 2 x 2
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	Reporting mode
	
	PUSCH 1-2
	PUSCH 3-1

	Reporting period
	ms
	1
	1

	Measurement channel
	
	[QPSK 1/3]
	[16QAM 1/2]

	Max number of HARQ transmissions
	
	4
	4

	Note 1:
For random precoder selection, the precoders shall be updated every subframe (1 ms granularity)
Note 2:




Table 1A Minimum requirement (FDD)
	Precoding gain [dB]

	Test 1 
	Test 2

	[1.5]
	[2.5]

	Note 1:


Note 2:

 


The setup is the same for TDD but with some additional information on UL/DL configuration and reporting periodicity:
Table 2 PMI test for single-layer (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Transmission mode
	
	[4 or 6]

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	EVA5
	EPA5

	Precoding granularity
	
	6
	50

	Correlation and antenna configuration
	
	Low 2 x 2
	Low 2 x 2
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	Reporting mode
	
	PUSCH 1-2
	PUSCH 3-1

	Reporting period
	ms
	TBD
	TBD

	Measurement channel
	
	[QPSK 1/3]
	[16QAM 1/2]

	Max number of HARQ transmissions
	
	4
	4

	Note 1:
For random precoder selection, the precoders shall be updated every available subframe (1 ms granularity)
Note 2:




Table 2A Minimum requirement (TDD)

	Minimum [SNR] precoding gain [dB]

	Test 1 
	Test 2

	TBD
	TBD

	Note 1:


Note 2:
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