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1
Introduction
This contribution discusses RI testing for eDL-MIMO and provides further considerations on potential candidate test methodologies.
2
Considerations on RI testing for eDL-MIMO
The current approach for rank indicator (RI) verification does not entirely satisfy the requirement of receiver agnostic testing [1]. The primary reason is the test metric that consists of a relative throughput ratio (follow-rank over fixed-rank throughput). As a consequence, any improvement in the denominator part of the relative throughput is translated as a loss in the final test metric, which is not necessarily a desired property as advanced receivers become heavily discriminated. Several companies also echoed issues with current RI testing methodology [1][2]

 REF _Ref292828034 \r \h 
[3]

 REF _Ref292829282 \r \h 
[4]. The most problematic test case seems to be the first one, which is characterized by low SNR and low antenna correlation, the minimum requirement being defined as a ratio of follow-rank over fixed rank-2 throughput. 
It is claimed in [3] that RI testing aims at:
1.
that the UE report correct rank depending on the channel;
2.
that the UE report correct CQI depending on the rank and it then can decode the transport blocks at correct BLER;
3.
that the UE does not report rank depending on SNR.
The above check-list ensures that the tests would reflect a sustainable transmission rank which depends on both channel rank and the SNR level and not only on either one of them. It is worth noting that LTE specifications do not mention anything on how the rank should be selected, but throughput maximization stands as an obvious criterion. The problem inherent to current Rel-8/9 RI testing methodology is that there does not necessarily exist a one-to-one mapping between the SNR/antenna correlation and throughput maximization with rank adaptation, because this is in practice conditioned upon receiver implementation. Therefore, one should aim at Rel-10 test cases being selected in such manner that these would verify that the reported rank maximizes the overall user throughput. 
In the following, we shortly summarize the different proposals for RI testing currently being discussed (Alt. 1-3) and provide an alternative proposal (Alt. 4) for further consideration:
· Alt. 1 – Absolute throughput based metric [1][2] 
An absolute throughput metric obviously avoids, in theory at least, shortcomings of current RI testing based on relative throughput ratios. We believe that invoking absolute throughput (also applies to Alt. 4) could still provide a better, and most importantly, a more receiver agnostic indication of the RI estimation accuracy. Furthermore, such “all-switched-on” test would nicely complement the existing verification framework, as no such test exists at the moment. An obvious downside of an all-switched-on test would be that the demodulation, CQI, and PMI performance are reflected in the test outcome in addition to the RI, which may result in potential spread among company results leading to difficulties in setting meaningful requirement. A more general issue is that absolute throughput requirements may be reached through other mechanisms than rank adaptation, hence such a test may not stress the rank adaptation algorithm as intended.
· Alt. 2 – Relative ratio of reported ranks [3]
An alternative proposal for RI testing at low SNR regime [3] proposes to verify that the ratio of the rank-2 reports to the ratio on rank-1 reports should be larger than a prescribed value for an EPA5 channel with low correlation. This relies under the assumption that an advanced receiver would presumably report a larger fraction of rank-2 reports and would achieve a higher ratio, but the minimum requirement is still set so that a baseline receiver can pass the test. However, advanced receivers could take various forms in the future and the statement may not necessarily hold anymore. Extension of the methodology to higher ranks (e.g. 3-4) is also unclear.
· Alt. 3 – Modified relative throughput ratio metric [4] 

Another alternative for RI testing at low SNR is found in [4]:

1. During the first run of the test, collect / record all reported RI values.

2. If percentage of reported Rank-2 is greater than Rank-1 reports, the following throughput ratio requirement definition is applied: “The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ 1”

3. If percentage of reported Rank-1 is greater than Rank-2 reports, the following throughput ratio requirement definition is applied: “The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ 2”
It is however not clear that such approach compensates fully for the deficiencies inherent to relative thoughput based RI testing methodology. One could argue that from a UE perpective, if throughput figures assuming fixed ranks are really close to each other, then the rank adapation algorithm may select either rank without degrading the overall performance. Thus it may prove difficult to meet one of the above two requirements. Setting requirements on 1 and 2 would also be difficult as one introduces here a receiver dependent split potentially risking biasing the requirements.
· Alt. 4 – Proposed metric for further investigation
With the overall aim of maximizing the absolute throughput through rank adaptation, we propose the following metric for further investigation for RI testing at low/high SNR:
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where
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is the throughput with rank adaptation (follow-RI) and
[image: image3.wmf]1

R

T

,
[image: image4.wmf]2

R

T

are the throughputs obtained for fixed rank-1 and rank-2 respectively. The parameter belongs to the interval [0, 1] and is the one governing the requirement. Similarly to current 1,2 requirements, would be set to different values depending on the test scenario (antenna correlation, SNR,...). Regardless of the throughput order for rank-1/2 and the absolute throughput level, such metric stresses the fact that a rank selection makes the best out of the receiver at hand in terms of throughput performance. It is actually still relative in the sense that it uses the fixed rank-1/2 performance points as references. This would allow setting a meaningful throughput requirement to the rank adaptation, which can adapt to the tested channel/noise scenario and still leaves room for future receiver improvements. Furthermore, such metric could easily generalize to higher ranks in the future, i.e. having to choose between rank-1/2/3/4, whereas it is not clear how metrics based on relative throughput ratios would cope with such situation. 
We propose to further explore this approach for RI testing at both low/high SNR test points, and next section provides preliminary analysis through two exemplary receiver implementations. 
3
Testing rank adaptation under different receiver implementation
In this section we highlight the issue of using relative throughput ratios (1 or 2 in TS36.101) for RI testing by comparing together two different receivers and their respective behaviour under such test metrics. The first receiver is a baseline MMSE receiver, whereas the second receiver is an enhanced receiver with improved rank-2 performance. We first investigate in simulation the throughput performance for each of them assuming fixed transmission rank. Simulation assumptions are listed in Table 1 and these are similar to the ones used in Rel-8/9 RI tests. Throughput curves are shown in Figure 1 and existing metrics 1 and 2 are illustrated in Figure 2. On the basis of these results we observe that:

· In Figure 1, the crossing point in throughput performance with fixed rank-1 and fixed rank-2 shifts to lower SNR point for the advanced receiver compared to the MMSE receiver.
· In Figure 2, we see that the use of 1 and 2 as metric for RI testing as well as the corresponding requirement are definitely not receiver agnostic, since with an enhanced receiver  would be less than 1 at low SNR. Hence such enhanced receiver would not meet the current requirement on 2,req=1 at low SNR, but on the contrary its throughput performance is superior to the baseline MMSE receiver.
Table 1: Simulation assumptions
	Parameter
	Unit
	

	Bandwidth
	MHz
	10

	Transmission mode
	
	4

	Uplink downlink configuration
	
	N/A

	Special subframe configuration
	
	N/A

	Propagation channel
	
	EVA5

	Precoding Allocation
	PRB
	50

	Cyclic Prefix
	
	Normal

	Correlation and antenna configuration
	
	Low
2 x 2

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	CFI length
	
	3

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI=1

010000 for fixed RI=2

	Link Adaptation
	
	On

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
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Figure 1: Fixed rank-1 and rank-2 throughput vs. SNR performance for a baseline and an enhanced receiver
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Figure 2: Behaviour of existing 2 test metric for a baseline and an enhanced receiver (solid line: 2 =TRA/TR2; dashed line: TR1/TR2)
Therefore, existing RI test metrics based on throughput ratios between rank adaptation and fixed rank performance are not suited to possible future receiver enhancements where, for instance, the rank-1 vs. rank-2 performance may behave in different way across the SNR range wrt. the one for a baseline MMSE receiver. A proper test metric should also be future proof in the sense that receiver enhancements may take various forms while these enhancements always pursue the goal of maximizing the overall UE throughput.
In the following, we analyze the test metric proposed in Eq. (1) and its behaviour for the two considered examplary receiver implementations. We start by casting Eq. (1) to relative throughput domain in order to allow comparison with the existing metric 
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(2)
· The first term of the right-end of the inequality in Eq. (2) captures the crossing point between TR1 and TR2, meaning that an enhanced receiver would not be penalized when TR2 becomes larger than TR1, i.e. when TR1/TR2 is smaller than 1. Due to this reason the same metric could be used equivalently at low or high SNR. In order to provide gains with rank adaptation, we see from Figure 2 that an MMSE receiver shall reach at least a 2 above 1, whereas the enhanced receiver shall be above the dashed line, i.e. the curve TR1/TR2 when the ratio is below 1.
· The second term of the right-end of the inequality in Eq. (2) is governed by the requirement on  and is a function of the relative throughput gain, i.e. the throughput difference between fixed rank-1 and fixed rank-2. 
Another way to look at this is to cast a requirement on 2 (let’s denote it by 2,req) in absolute throughput terms: 
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where we observe on the right side of Eq. (3) the dependence on TR2 only. Then we compare Eq.(3) to Eq. (1): 
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and note the dependence on both TR1, TR2 and the associated absolute throughput difference, which make such metric more agnostic to various types of receivers.
In terms of requirements, we observe that:
· The current requirement 
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 at low SNR is equivalent to setting =0 in Eq. (1) or (2) under the assumption that TR1>TR2. In general, existing requirements apply regardless of the throughput difference for fixed rank-1 and rank-2 which depends on both receiver implementation and SNR at the test point. This is obviously a drawback when testing advanced receivers.
· The difference with the proposed approach is that the requirement would be set in terms of , requiring that a receiver performing rank adaptation achieves a given fraction of its own throughput difference between performance for fixed ranks. In other words, a requirement on  scales proportionally to the intrinsic rank-1 and rank-2 performance difference for each receiver being tested. This translates to a requirement on 
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that also depends on TR1 and TR2 in addition to  (see Eq. (2)). Equivalently, from the perspective of Eq. (3), the requirement on the absolute throughput TRA effectively depends on TR1 and TR2 in addition to . Different  requirement values should expected for different SNR, as it reflects the accuracy of the rank selection algorithm.
4
Conclusion
This contribution discussed potential candidate RI test methods. We emphasize that the overall goal of the test should be maximize the absolute throughput through rank adaptation while ensuring receiver agnostic testing, which is clearly not the case with the Rel-8/9 methodology. We analyzed the different proposals for RI testing currently being discussed and provided an alternative proposal for further consideration. The proposed RI test metric enjoys the following benefits:
· It stresses the fact that a rank selection makes the best out of the receiver at hand in terms of throughput;
· It is still relative in the sense that it uses the fixed rank-1 and rank-2 performance points as references;
· It can be used equivalently for low/high SNR (i.e. no need for 1 and 2);
· It leaves room for future receiver improvements;
· It generalizes to higher ranks in the future.
As way forward, we propose to adopt the proposed RI testing methodology for both low/high SNR for eDL-MIMO.
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