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1 Introduction
In [1] a test case is proposed for verifying that the reported RI corresponds to the number of useful transmission layers. An alternative proposal based on the same type of minimum requirement but with a different test method based on throughput gain was proposed in [2]. This contribution is a follow-up to the latter: we propose a slightly different test method but still based on a relative throughput requirement.

The idea is to use a realistic channel model for the RI test under conditions that in some sense mimics live network operation. The test metric should also be related to the throughput increase and channel adaptation achievable with multi-layer transmission. In addition, the test should be sufficiently receiver agnostic. To this end, we propose to use two test points
1. one for high SNR where there should be substantial performance gain using dual stream if the correlation is low, and rank adaptation should provide gains over single-stream transmission
2. the same receiver used for low SNR but with medium correlation for which there should be a slightly higher prevalence for rank one conditions more beneficial for single-stream transmission
To make the test receiver agnostic one could find the (high) SNR required for [90]% of the maximum throughput for single stream with low correlation. For (1), the relative throughput gain between single- and double-streams should be significant at this SNR test point. Next, in order to avoid a further SNR search for the second test point, the SNR is backed off by a substantial amount, and the correlation changed to medium (high could also be used but perhaps less “realistic” at low SNR). For (2), rank adaptation should then give gains over dual-stream conditions,
Let us look at some simulations next.
2 Simulation results
The idea is to use a standard 2 x 2 EPA5 channel (similarly to those used for the UE demodulation requirements) with low and medium correlation. The precoder is fixed per rank: PMI index 0 is used for single layer and index 1 is used for rank two. The simulations below are based for a 10 MHz channel, and one HARQ transmission is used throughout. The standard CQI reference measurement channels are assumed, and the shortest RI reporting periodicity is assumed.     
The requirement would be posed in terms of the relative throughput gain obtained following the UE RI reports compared to the cases of a fixed rank one for high SNR and compared to fixed rank two at low SNR (the latter should be more difficult then). 
2.1 EPA with low correlation

First we look at low correlation. Figure 1 shows the mean of the throughputs and BLER for single-stream only, dual-stream only and for follow-RI (i.e. according to the recommended RI), respectively. The resulting throughput gain of the follow-RI relative to single-stream and dual-stream transmission is shown in Figure 2, along with the mean of the reported rank as a function of SNR. We note that there is a substantial throughput gain at high SNR corresponding to item 1 above. It should also be possible to find an SNR test point for e.g. 90% of the maximum throughput for single-stream transmission.
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Figure 1: relative throughput gain and BLER for s single-stream, dual-stream and follow-RI for low correlation.
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Figure 2: throughput gain and mean of the reported rank for low correlation.
2.2 EPA with medium correlation

The same results but for medium correlation are shown in Figures 3 and 4. The reported rank is now generally lower as expected for the higher correlation. The throughput gain for follow-RI relative to dual-stream is significant for lower SNR corresponding to item 1 above: it is beneficial to use single stream under these conditions, e.g. cell edge conditions for operating bands in the below 1 GHz range with higher antenna correlation.
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Figure 3: relative throughput gain and BLER for s single-stream, dual-stream and follow-RI for medium correlation.
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Figure 4: throughput gain and mean of the reported rank for medium correlation.
3 Proposed test methodology
Based on the simulations above we propose the following test procedure: 

Select fixed precoders for rank-one and rank-two transmissions, and set the channel correlation to low

a.   Find the input SNR corresponding to [90]% of the maximum throughput (TP) with SS configured for single stream only
b.   Measure TP when SS is following RI/CQI reports at the same input SNR
c.   Calculate the TP gain 1 between (b) and (a)
Then change the correlation to medium and
d.   Back off the above input SNR by X dB (10-15 dB say) and measure the TP with SS configured for dual stream only
e.   Measure TP when SS is following RI/CQI reports at this lower SNR test point
f.    Calculate the TP gain 2 between (e) and (d)

Hence the throughput gains are defined as
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with tue the throughput obtained following the RI reports and t the corresponding with a fixed rank  configured.
The requirements could be formulated as follows:

The minimum performance requirements of RI reporting are defined based on the relative increase in throughput when transmitting the transport format indicated by each reported wideband CQI/RI and that obtained when transmitting a fixed transport format and rank configured according to the wideband CQI. If 
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is the throughput obtained following the recommended CQI and RI at an input
[image: image11.wmf]j

SNR

, the requirement is specified in terms of the ratios
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where 
[image: image14.wmf]1

t

is [90]% of the maximum throughput obtained at
[image: image15.wmf]1

SNR

following the CQI with fixed rank-one configured, and 
[image: image16.wmf]2

t

the throughput measured at
[image: image17.wmf]X

SNR

SNR

-

=

1

2

dB following the CQI with fixed rank-two configured. 
Table 1: Test configuration for RI test 

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	[2 x 2 EPA5]

	Correlation
	
	Low for SNR1 and [Medium] for SNR2

	Precoder
	
	[Index 0 for rank one and index 1 for rank two]
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	dB[mW/15kHz]
	[-98]

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	[NP = 5]

	cqi-pmi-ConfigurationIndex
	
	5

	ri-ConfigurationInd
	
	[TBD]

	NOTE: Reference measurement channel as per TS 36.213 Section 7.2.3


High correlation could possibly be used at SNR2 if the test turns out to be significantly more robust then.
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