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1 Introduction
In this contribution we provide simulation results with assumptions according to the working assumption [1] for the RI reporting test setup. This is an improved version of earlier throughput-based proposals verifying that the RI reported is in accordance with the number of useful transmission layers. In short the working assumption comprise
· a performance metric based on follow-CQI/RI versus fixed rank 1 and 2 throughputs for

· SNR = 16 dB at low and high correlation

· SNR = 0 dB at low correlation

· 4 HARQ transmissions 

· 6 testpoints but no SNR search.
The precoders are restricted with CodebookSubSetRestriction for fixed rank and follow-RI/CQI transmissions. 
We also give an alternative and propose a slightly modified version of this working assumption with only one HARQ transmission and with fewer test points. It is also an attempt to make the test more receiver agnostic at the expense of an SNR search (but large range): a CR is supplied in [2].
2 Simulation results for the working assumption
First we present simulation results with assumptions according to the working assumption [1]. We recall the requirements

a) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;
The throughput gains for low correlation are shown in Figure 1 with 1 with respect to only 1 stream and 2 with respect to only 2 streams. 
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Figure 1: throughput gain for low correlation.
The results for the six test points are shown for FDD and TDD in Tables 1 and 2, respectively. 
Table 1: Throughput gain for FDD

	
	Test 1
	Test 2
	Test 3

	1
	0.99
	1.17
	1.00

	2
	1.29
	1.04
	1.93


Table 2: Throughput gain for TDD
	
	Test 1
	Test 2
	Test 3

	1
	0.98
	1.13
	0.99

	2
	1.28
	1.05
	1.71


It should be possible to capture UE(s) that simply report the RI on then basis of SNR (Test 3 with High correlation), but quite a few of the throughput ratios for the test points are close to unity. The number of test points could perhaps be reduced and the test also be made more receiver agnostic (although test points 2 and 3 could simply be made at a sufficiently high SNR), but we take a look at precoder selection first. 
3 Precoder selection
Using the codebook sub-set restriction it may happen that some precoders are not matched to the channel in terms of BLER. Figure 2 shows the result for EPA5 High correlation and the use of the codebook proposed in the working assumption and using up to 4 HARQ retransmissions; the test point Test 3 is at 16 dB. The BLER operating points are up to 0.5 with HARQ, and up to 0.6 with only one HARQ transmission (Figure 3). The high BLER for the lower SNRs is only marginally reduced with HARQ, but still in the neighbourhood of 10% for higher SNR. Looking at a slight change of the working assumption with a view to use only one HARQ the remaining precoder of the codebook might give a different BLER performance, which we will consider next.
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Figure 2: throughput and BLER with four HARQ transmissions.
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Figure 3: throughput and BLER with one HARQ transmission.

For rank two transmission the precoder is assumed in [1] (Codebook Index 1),
(3.1)
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seem to be badly matched to the channel in terms of the operating BLER as displayed above. To this end, we can construct a high correlation rank-one channel in the following way: let the channel in the 2 x 2 antenna case be given by
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and a ≈ 1 real number. This channel is clearly rank one, and we also assume that the correlation
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is high. Multiplying with the precoder we get the effective channel  
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and if we use the real precoder in (3.1), it turns out that the complex amplitude at the second receive antenna will be almost cancelled and the coupling between the first antenna to the second very strong. Using
(3.2)
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instead, the amplitudes at the two receiver antennas are more even. Indeed, looking at the reported CQI distribution for fixed rank two transmission for EPA5 High correlation, the spatial differential CQI (RI reporting on PUCCH) is heavily clipped at (3 and unbalanced when (3.1) is used, whereas it is more evenly distributed between the code words if (3.2) is used although the reported index for one of the streams is larger in the former case. 
Figure 4 shows the throughput and BLER for EPA5 High correlation using (3.2) and the corresponding single-layer precoders in (3.3),

(3.3)
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The BLER is now lower, and the throughput gain between follow-RI and fixed rank two is higher (cf. Test 3). 
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Figure 4: throughput gain and BLER with the remaining precoders in the codebook (one HARQ transmission).
For the low-correlation, the throughput gain using (3.2) and (3.3) is shown in Figure 5, Tests 1 and 2 are at 0 dB and 16 dB, respectively. For low correlation the throughput gain relative to rank one transmission is above 1.2 if the SNR is 15 dB or higher: at these levels the gain versus rank-two transmission is > 1.5 at high correlation. Hence it may be easier to set a requirement if the complex precoders in (3.2) and (3.3) are chosen, these also seem feasible with one HARQ transmission.   
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Figure 5: throughput gain for low correlation (one HARQ transmission).
Using high and low correlation at a high SNR level it would be possible to capture UE(s) that do RI reporting based on the SNR: it is perhaps sufficient to use only one SNR test point to verify the RI in general? 

4 Receiver agnostic test
Next we look at a possible modification of the working assumption, but still reusing most of its basic concepts and with a view to reduce the number of test points. 

From a system standpoint we would cover the following cases

1. a rank-deficient channel close to the eNode B when rank one should be prevalent (corresponds to Test 3)

2. a richer multipath channel close to the eNode B when rank two should be prevalent (corresponds to Test 2)
The RI reporting the UE shall then determine a RI corresponding to the number of useful transmission layers in these two cases. One could also use a low SNR test point at low correlation where rank one should be prevalent, but this case could equally well be covered by Item 2 above from a testing standpoint. We also consider restricting to one HARQ transmission like the other CQI fading tests and make an attempt to make the test more receiver agnostic, i.e. not fixing the SNR.
The test setup could look as follows
1. Keep the codebook restrictions as in QC proposal, but change to the complex precoders (3.2) and (3.3)
2. find an SNR that achieves a certain throughput for a TBSidx corresponding to CQI index idx, e.g. the SNR giving a throughput 1000* TBSidx bps but not exceeding 1000*TBSidx+1 bps with fixed rank-one transmission at low correlation (for and SNR exceeding 15 dB but the index should not be too close to idx = 14)

3. SNR can be in a range so quick to find by test SS, the UE forced to report RI = 1 through codebook restriction
4. record the rank-one TP obtained at this SNR
5. first test point: the ratio between the TP when SS is following the reported RI and the above rank one should be > 1 (corresponds to a richer multipath channel close to site) 
6. switch to high correlation while keeping SNR
7. second test point: the ratio between the TP when SS is following the reported RI and fixed rank-two transmission should be > 1 (corresponds to a rank-deficient channel at line-of-sight close to site)
This should capture a UE that reports RI based on SNR, one of the test points will fail one of the tests (e.g. a throughput gain of 1 if fixed rank two used at the second test point). The actual SNR test point will be DUT specific. The index could be chosen as 13 which should correspond to a high SNR at low correlation.
5 Proposal

A proposal based on the above is shown below for FDD (same for TDD with the usual UL/DL configuration), a CR is supplied in [2].
9.5

Reporting of Rank Indicator (RI)

The accuracy of RI (CQI) reporting is determined by the relative increase of the throughput obtained when transmitting based on the reported rank compared to the case for which a fixed rank is used for transmission. The purpose of the test is to verify that the reported RI accurately represents the number of useful transmission layers for a given channel condition. Transmission mode [4] is used with the precoding at the transmitter restricted by specifying the bitmap parameter codebookSubsetRestriction.
For fixed rank-one transmission, the RI/PMI reporting is restricted to two single-layer precoders; for fixed rank-two transmission the RI/PMI reporting is restricted to one two-layer precoder; for follow RI transmission, the RI and PMI reporting is restricted to select the union of these precoders. Channels with low and high correlation are used to ensure that the RI reporting reflects the channel condition.

9.5.1
Minimum requirement PUCCH 1-1

9.5.1.1-1 FDD
For the parameters specified in Table 9.5.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.5.1.1-2 and by the following
a) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ 
b) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ 
TBS selection is based on the UE wideband CQI feedback. The transport block size TBS is that resulting from the code rate which is closest to that indicated by  M = wideband CQI and the entry in Table 7.1.7.2.1-1 [36.213] that corresponds to the transmission bandwidth configuration (Table 5.6-1).
Table 9.5.1.1-1 RI test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3

	
	
[image: image18.wmf]B

r


	dB
	-3

	CodeBookSubsetRestriction bitmap
	
	001100 for fixed RI = 1
100000 for fixed RI = 2
101100 for UE reported RI

	Propagation condition and antenna configuration
	dB
	EPA5 (2 x 2)

	Correlation
	
	Low
	High

	SNR
	
	Note 2
	Note 2
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	dB[mW/15kHz]
	-98
	-98
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	dB[mW/15kHz]
	Note 2

	Max number of HARQ transmissions
	
	1

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	 [NP = 5]

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	5

	ri-ConfigurationInd
	
	TBD

	Note 1:
Reference measurement channel according to Clause A.4
Note 2:
[The SNR and input levels are set such that a throughput in the range from 103∙TBSidx=13 bps to 103∙TBSidx=14 is achieved with low correlation and fixed rank-one transmission, with TBSidx  corresponding to the reported CQI index idx]
Note 3:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)
Note 4:





Table 9.5.1.1-2  Minimum requirement (FDD)
	
	Test 1
	Test 2
	

	
	TBD
	N/A
	

	
	N/A
	TBD
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