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1 Introduction
The first stab at sub-band testing [1] suggested a static two-path model be used for testing, and that the sub-band testing could be carried out like then wideband test but just cycling through the sub-bands. However, the reduced dynamic range of the sub-band CQI reports make the latter difficult, and the fading model can be improved to facilitate the testing. 

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 PMI using a relative throughput test.
We start by looking at a revised channel. 
2 Static test for frequency-selective now almost semi-static 

Recall the static two-path model

(3.1)
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in discrete form with time delay d samples. Its frequency function is 
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with the amplitude spectrum as 
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Minima (notches if a = 1) in the spectrum will appear at, setting 
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The delay d is chosen such that a suitable number of minima occur within the transmission configuration.  The frequency shift fm is introduced to be able to shift the amplitude spectrum between different tests in order to vary the CQI for a given sub-band. In practice there will also be phase errors that change the locations of the notches. 
Now, the model may be improved by letting the second tap rotate with a Doppler frequency of
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which means that the notches would move across the bandwidth and the cable phase problem disappears and the test can be run in one go. 
3 Requirements for sub-band reporting
Repeating the wideband CQI testing method per sub-band appears difficult since the dynamic range of the sub-band reports is limited. 
3.1 Differential reporting: simulation results

The sub-band CQI is reported differentially w r t the wideband-CQI using 2 bits, so there is a reduced set of indices (-2, 0, +1, +2) for the sub-band reporting; these indices correspond to a dynamic range of 8 dB. Hence there may be clipping of the CQI reports if the dynamic range of the channel variations are too large, that is, if a in (3.1) is smaller than a certain value. Checking the spread around the median (see [1]) for a clipped value is obviously of limited value.

Alternatively, clipping could be exploited in the test to check the sub-band reporting: using the “semi-realistic” two-path model one could trace the clipped sub-bands and put a requirement on the fraction of clipped band amongst the reported sub-band CQI during the duration of the test. 

Figure 1 shows the distribution of the differential sub-band reports for a 10 MHz case with d = 450 ns and a = 1 using a slowly rotating se, i.e. about 4 notches moving across the bandwidth. The sub-band size is the appropriate for the bandwidth. 

[image: image8]
Figure 1: Distribution of the sub-band reports using the semi-static two-path model.
Reports corresponding to sub-band index -1 have been mapped to -2 for these simulations. This suggests that it is easier to put a requirement on the +2 reports. 
3.2 Requirements

A test framework for sub-band reports could be as shown in Table 1.
Table 1: PUCCH 1-0 static test.

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	SNR
	dB
	“high”
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	dB[mW/15kHz]
	[-102]
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	dB[mW/15kHz]
	TBD

	Reporting period
	ms
	2-20 ms

	Propagation model
	
	Two-path model


The interference should be white, and set with a margin to the receiver noise. The minimum requirement would be
Minimum requirement

A) The reported sub-band differential CQI index +2 shall occur at least X% of the time
This could be complemented by a side condition on the wideband report (e.g. throughput requirement on an FRC configured according to the median wideband CQI) if needed. 
4 PMI tests
If static tests using embedded precoders are not feasible for testing PMI reporting, one could use a throughput test along similar lines as the UE demodulation performance test cases. The precoding gains in 2 TX scenarios are most notable for single-layer transmission so this could be picked as a test scenario. The idea is then to compare two cases, for the UE under test: 

1. The SNR at a 70% test point with a randomly chosen fixed precoder (during the entire test)

2. The SNR at a 70% test point with the precoder set according to the UE reports

Note that this is a relative comparison for each UE. The PMI reporting is verified by putting a requirement on the relative difference.

Simulation results for one-layer closed loop spatial multiplexing is shown in Figure 2. The assumptions are
· 10 MHz bandwidth
· 2 TX antennas
· EPA5 channel, low correlation

· Wideband and sub-band PMI reporting
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Figure 2: impact of precoding selection.
The blue curve in Figure 2 represents fixed precoding. At the 70% test point there is at least a 2 dB difference in SNR, which is larger than test tolerances. This indicates that a throughput test for verifying PMI is feasible. 
5 Transmission modes used for the above tests
First we list possible transmission and reporting modes to be used for the above tests, see Tables 2-3. Transmit diversity (fallback mode) could be used as a baseline rather than the single-antenna case. 
Table 2 Transmit diversity sub-band CQI tests

	TX ports
	Bandwidth
	Channel type
	Spatial correlation
	Reporting mode

	2 TX
	10 MHz
	Static two-path


	n/a
	PUSCH Mode 3-0



Table 3 PMI tests using one-layer transmission
	TX ports
	Bandwidth
	Channel type
	Spatial correlation
	Reporting mode

	2 TX
	5 MHz
	EPA5
	low
	PUCCH 1-1 



	2 TX
	10 MHz
	EVA5
	Low
	PUSCH 1-2
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