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1. Introduction
Verification of the RI reporting accuracy in TM9 has been discussed in the recent RAN4 meetings (see [1] - [5]). As way forward from the RAN4#59AH meeting [6], six candidate test metrics were agreed to be further evaluated until RAN4#60.
In the present contribution, we evaluate the proposed test metrics and provide our recommendation on the way forward.
2. Scope of the RI verification
In our view, the rank test should bear the following qualities: 

1. 
The test verifies that the reported rank maximizes the overall user throughput. 
2. 
The test outcome reflects the rank selection performance only. 
3. 
The test is agnostic to the receiver implementation.
4. 
The test metric can be easily extended to higher ranks.

5. 
The test metric can be used in all three test configurations i.e.
· low SNR, low antenna correlation

· high SNR, low antenna correlation

· high SNR, high antenna correlation
As a consequence from the point 2, the test outcome should not be sensitive to the fixed Rank-1 or Rank-2 performance, nor the CQI/PMI reporting accuracy. It is noted that these properties are verified in other tests.
Furthermore, in our view, the receiver agnosticity in the context of the rank selection tests implies that the test outcome should be not significantly affected when the demodulation performance improves beyond that of the baseline receiver (MRC for Rank-1, MMSE for Rank-2). This principle should not be limited to Rank-2 improvements, but the test method should allow advances in Rank-1 performance too.
3. Candidate metrics

The candidate metrics from [6] are summarized as follows:

Metric 1: 
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Metric 2: 
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Metric 3: 
[image: image3.wmf]2

2

1

2

1

1

1

2

:

 

if

 

,

:

 

if

R

RA

R

R

R

RA

R

R

T

T

T

T

T

T

T

T

×

³

£

×

³

>

g

g


[2]
Metric 4: 
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Metric 5: 
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Metric 6: 
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[4]
In above equations, TRA denotes the throughput with rank adaptation switched on, TR1 and TR2 the throughput with fixed rank 1 and rank 2, and NR1 and NR1 the number (or portion) of rank 1 and rank 2 reports. Alpha, Beta, and Gamma are the quantities governing the requirement they are associated with. 
These quantities are further illustrated in Figure 1 below:



[image: image7]
4. Analysis of the candidate metrics
4.1 Approach
In order to be compared, the candidate metrics are analysed in terms of the normalized follow-rank throughput 
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that reflects the throughput gain over the case where the UE systematically reports a fixed (and mostly wrong) RI value. It should be noted that, while min(TR1, TR2) in Eq.1 is not the absolute lower bound for the follow rank throughput, a deliberate misuse of the estimated rank would be needed to achieve a significantly lower throughput. Likewise, while max(TR1, TR2) does not represent the absolute maximum follow-rank throughput, it gives some idea of the throughput achievable with a good rank selection algorithm.
The follow-rank throughput is analyzed by comparing three rank selection algorithms with varying quality:

· 
Alg. 1: This is a hypotethical “good” rank selection algorithm achieving 90 % of the throughput difference between Rank-1 and Rank-2 throughputs

· 
Alg. 2: This is a hypotethical “mediocre” rank selection algorithm achieving 50 % of the throughput difference between Rank-1 and Rank-2 throughputs
· 
Alg. 3: This is a hypotethical “poor” rank selection algorithm achieving 10 % of the throughput difference between Rank-1 and Rank-2 throughputs

Furthermore two receiver implementations are compared as to assess the candidate metrics with regard to the receiver agnostic aspect:

· A RAN4 baseline receiver i.e. MRC/MMSE;
· An advanced receiver with improved rank-2 performance.
The normalized follow-rank throughput is then compared against varying degree of the requirement setting (beta or gamma) as to demonstrate how each metric behaves as a function of SNR, receiver implementation, and rank selection algorithm.

The simulations are configured as in the Release-8 rank test 1, i.e. assuming low antenna correlation and TM4 with codebook subset restriction.
4.2 Metric 1 --- 
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Metric 1 aims at ensuring receiver agnostic testing by imposing a requirement on the fraction of the throughput difference between performance for fixed ranks. A detailed analysis of the properties of Metric 1 can be found in [1].
The normalized throughput curves for the evaluated rank adaptation algorithms are shown in Figures 2 and 3:
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Figure 2 – Metric 1, baseline receiver.
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Figure 3 – Metric 1, advanced receiver.
On the basis of the above figures, we observe that:

· 
There is more than 10 dB difference between the rank-1/2 switching point of the baseline receiver (SNR ~ 13 dB) and that of the advanced receiver (SNR ~ 1 dB). Furthermore the switching point of the advanced receiver is very close to the current low SNR test point (SNR = 0 dB). 
· 
Metric 1 is rather insensitive to the difference between the rank 1 and rank 2 demodulation performance, hence following the receiver agnostic testing principle. This is due to the introduction of the term 
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, which approximates the throughput increase that can be achieved by a proper rank adaptation algorithm. 
· 
Metric 1 yields a realizable requirement also at the rank switching point, again thanks to the term 
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. It should be noted that  = p(A-1) + 1 from [2] does not satisfactorily approximate the follow-rank gain at the rank switching point as it is based on a simplistic assumption that the follow rank throughput is a weighted sum of the rank 1 and rank 2 throughputs. In reality, some gain will be present when TR1 = TR2 due to the fact that, at a certain time instant, one rank will be slightly more optimal than the other. 
· 
Metric 1 can be utilized at high SNR as well (covering both high and low antenna correlation), hence providing an unified testing solution for Release 10.
· 
Metric 1 can be easily extended to higher ranks, the generalized version of the requirement  being 
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, where N denotes the highest possible rank.
As usual, the actual beta requirements are intended to be derived based on the simulation results from interested companies. Moreover, the requirement level will be test specific, i.e. different values for the three cases are possible. In the view of the results provided in Fig. 2 of [3], the requirement for the test cases with low correlation is likely to be considerably below one, while a beta closer to one might be an appropriate choice for the highly correlated case. This is in contrast to [2], where it is suggested that a beta close to one would be a suitable requirement for all three cases.
4.3 Metric 2 --- 
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Metric 2 aims at ensuring receiver agnostic testing by setting the requirement relative to the smallest of the rank 1 and rank 2 throughputs, i.e. the red curve in Figure 2.
The normalized throughput curves for the evaluated rank adaptation algorithms are shown in Figures 4 and 5:
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Figure 4 – Metric 2, baseline receiver
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Figure 5 – Metric 2, advanced receiver
On the basis of the above figures, we observe that:

· 
The requirement level needs to be very close to 1.00 in order not to penalize advanced receivers having a low rank switching point. As can be seen from Figure 5, an advanced receiver with an excellent rank selection algorithm (Alg. 1) can barely meet the unity requirement at SNR = 0 dB.
· 
As a consequence of the low gamma value, the requirement becomes passable for a baseline receiver with very poor rank selection quality, as can be seen from Figure 4.
· 
In general, Metric 2 favors receivers with a good Rank-1 performance at the low SNR, and receivers with a good Rank-2 performance at the high SNR. This is a direct consequence from the used throughput reference in the denominator part of the Gamma i.e. TR2 for low SNR and TR1 for high SNR.
It should be noted that the above issues are largely due to the fact that the achievable rank selection gain is not taken into account in the test metric.
4.4 Metric 3 --- 
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Metric 3 is otherwise the same as metric 2, but separate gamma values are defined for the rank 1 and rank 2 regions. Hence the problems identified in section 4.3 apply to Metric 3 as well.
One specific problem of metric 3, arising from the use of two gamma values, is that it introduces a receiver dependent split, potentially biasing the requirements.

4.5 Metric 4 --- 
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Metric 4 attempts to overcome the receiver agnostic problem by imposing a requirement on the ratio of the rank-2 reports to rank-1 reports at the low SNR. As stated in [2], this is based on the assumption that an advanced receiver means “the ability to report a larger fraction of rank-2 reports under low SNR”.

First, such metric implicitly implies that one would be testing channel rank here, whereas as discussed in [1], one should strive at ensuring that proper rank selection maximizesd throughput performance.

Second, as discussed in Section 2, an advanced receiver could also mean improved rank-1 performance (over the rank-2 performance). From that viewpoint, metric 4 cannot be regarded as a receiver agnostic requirement, but it would heavily penalize receivers with an improved rank-1 performance.
4.6 Metric 5 --- 
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Metric 5 attempts to overcome the receiver agnostic problem by utilizing the fixed rank-1 throughput as a reference instead of the rank-2 throughput.
The normalized throughput curves for the evaluated rank adaptation algorithms are shown in Figures 6 and 7:
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Figure 6 – Metric 5, baseline receiver
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Figure 7 – Metric 5, advanced receiver
On the basis of the above figures, we observe that:

· 
Metric 5 heavily penalizes receivers providing improved rank-1 performance (or even a baseline MRC/MMSE receiver) at the low SNR, as demonstrated in Figure 6. As a consequence, the requirement level would need to be set to a very low value (Gamma < 1.00).

· 
Metric 5 would not entirely solve the problem of penalizing receivers with improved rank-2 performance either, since the lower follow-rank gain at the rank switch point is not accounted at all.

· 
At high SNR, metric 5 behaves as metric 2, favoring receivers with a good rank-2 performance.
4.7 Metric 6 --- 
[image: image23.wmf]2

R

RA

T

T

×

³

g


Metric 6 is the existing requirement for low SNR from Release-8.
The normalized throughput curves for the evaluated rank adaptation algorithms are shown in Figures 8 and 9:
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Figure 8 – Metric 6, baseline receiver
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Figure 9 – Metric 6, advanced receiver

On the basis of the above figures, we observe that:

· 
Metric 6 penalizes the receivers with improved rank-2 performance at the low SNR, as demonstrated in Figure 6. As a consequence, the requirement level needs to be set as Gamma = 1.00 or lower. It should be noted that this is exactly what happened in Release-8.
5. Summary and conclusions

The properties of the candidate metrics are summarized in Table 1 below:
Table 1 – Summary of the candidate metrics
	                          Metric

Property
	Metric 1
	Metric 2
	Metric 3
	Metric 4
	Metric 5
	Metric 6

	Penalizes good R1 performance at low SNR / low correlation
	no
	no
	no
	yes
	yes
	no

	Penalizes good R2 performance at low SNR / low correlation
	no
	yes
	yes
	no
	no
	yes

	Penalizes good R1 performance at high SNR / low correlation
	no
	yes
	n/a
	n/a
	yes
	n/a

	Penalizes good R2 performance at high SNR / low correlation
	no
	no
	n/a
	n/a
	no
	n/a

	Accounts for the rank-1/2 switching point
	yes
	no
	no
	no
	no
	no

	Can be easily generalized to higher ranks 
	yes
	no
	no
	no
	no
	no


Based on the above comparison, it can be concluded that the metric 1
· 
is receiver agnostic regarding both rank 1 and 2 performance

· 
yields a sensible requirement also at the rank-1/2 switching point (no other candidate metric enjoys such property)
· 
provides a unified testing solution that can be used in all three tests
· 
can be easily generalized to higher ranks

It is highlighted that the favorable properties of Metric 1 are due to the introduction of the 
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term which accounts for the gain that can be achieved by a proper rank selection algorithm.
Proposal 1:

Based on the above considerations, we propose that the rank selection accuracy in TM9 will be verified by metric
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covering the following three test cases:
· Test 1: low SNR, low antenna correlation

· Test 2: high SNR, low antenna correlation

· Test 3: high SNR, high antenna correlation

The detailed test configurations (channel model, SNR point, CSI reporting details, etc) and the actual beta values are FFS.
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Figure � SEQ Figure \* ARABIC �1� – Illustration of the throughput quantities in the candidate metrics





SNR


S





Throughput


S





TR1


S





TR2


S





Min(TR1, TR2)


S





Abs(TR2 - TR1)


S





Rank switch point


S





Max (TR1, TR2)


S





TR2


S





TR1


S









_1373975462.unknown

_1374039984.unknown

_1374061077.unknown

_1374309798.unknown

_1374393517.unknown

_1374574444.unknown

_1374485316.unknown

_1374393495.unknown

_1373975724.unknown

_1373975773.unknown

_1373974893.unknown

