3GPP TSG-RAN WG4 #60
R4-114211
[image: image4.wmf]1

1

2

1

2

2

 

else

 

,

for 

  

g

g

³

³

³

R

RA

R

R

R

RA

T

T

T

T

T

T

August 22nd – August 26th, 2011, Athens, Greece
Agenda item:
7.1.2
Source: 
Qualcomm Incorporated
Title: 
On the remaining aspects of PMI and RI reporting accuracy tests for eDL-MIMO
Document for:
Discussion
1. Introduction
The way forward for the definition of the eDL-MIMO CSI reporting tests is summarized in [1]. Several details for the CQI, PMI and RI tests are still to be agreed. 
In this contribution we share our view on the correlation matrix for the PMI reporting test and the RI reporting methodology.
2. Discussion
In the first subsection we share our view on the correlation matrix for the PMI reporting test. The second subsection discusses the RI reporting methodology.
2.1. PMI Reporting for 8Tx TDD 
For all ranks 1 – 8 in eDL-MIMO a double codebook structure of the form W1(W2 has been chosen [2]. The design of the codebook structure aims to exploit the spatial correlation of the MIMO channel that slowly changes over time and is rather constant over system bandwidth. Such long-term/wideband information may be reported efficiently by W1, whereas the short-term/subband dependent channel characteristics are described by W2. 

In general, there are two sources of antenna correlation, namely closely spaced antennas and small spread of angle of arrival/departure. In a typical WAN scenario dominant scatters are far away from the eNB but close to the UE as shown in Figure 1. This results in a lower angular spread at the eNB and a larger angular spread at the UE and is mainly due to the differences in antenna height and vertical antenna pattern.
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Figure 1: Angular spread at eNB and UE

In such a deployment the four ULA antennas in Figure 1 would be highly correlated. The double codebook structure for eDL-MIMO tries to exploit this correlation by forming grid of beams for the 4 Tx linear array as shown in Figure 2. This grid of beams is described by the matrix W1 in the codebook structure. W2 describes the instantaneous channel properties, which depend on the relative phase relation between the vertical and horizontal polarization as indicated in Figure 2.
In summary, it is observed that the double codebook design targets antenna deployments with spatially correlated channels. 

Observation 1: W1 is designed for spatially correlated channels which are typical for WAN deployments. 
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Figure 2: Grid of Beams
For a 8x2 test scenario with maximum rank 2 there are16 precoding matrices W1 and 16 precoding matrices W2 defined in [2], i.e. 256 combinations. In an spatially uncorrelated channel, the inherent structure of the codebook cannot be exploited for PMI selection. Therefore the UE is forced to do an exhaustive search in such conditions if the best PMI matrix shall be reported. However, in spatially correlated channels more intelligent PMI selection algorithms are applicable. Since it cannot be expected that an UE applies a full brute force search over all 256 PMI matrices, it is not possible to test with a low correlation model whether the PMI selection algorithms behaves well. Therefore the low correlation model should not be used. Based on these considerations it seems natural to test PMI reporting in eDL-MIMO under spatially correlated channel conditions.
Proposal 1: For 8Tx single and multiple PMI tests high spatial correlation should be applied.

However, it is been shown in [4] that the high real-valued correlation matrix does not allow differentiating between selection of W1 and a fixed choice of W1 that fits to the main channel direction.  The problem then is that a test using follow PMI and random W1, W2 could be passed by a UE that reports a fixed W1 all the time. As an alternative complex-valued correlation modeling was proposed in [4] to randomize the main channel direction. This randomization needs to be correlated over time to ensure that the variation of the main direction can be tracked by the selection of W1. This imposes additional specification effort and may not be feasible given the time schedule left for eDL-MIMO. It should also be sufficient to select a angle (0 randomly according to the approach described in [4] at test setup and keep the angle (0 fixed over the execution time of the test. This randomizes the main direction at test setup and ensures that the UE needs to find the correct W1. The disadvantage is that the selected W1 is not updated over time. 

The following settings are proposed to test selection of W1 and W2:
Proposal 2: For testing W2 it is proposed to use high correlation model, PUSCH 3-1 reporting mode and to measure the throughput ratio for fixed W1, selected W2 versus fixed W1, random W2.

Proposal 3: For testing W1 it is proposed to use the high correlation applying one randomizing angle (0, PUSCH 1-2 reporting mode and to measure the throughput ratio for follow PMI over random PMI. 
2.2. RI Reporting Methodology

In the last meeting the test methodology for RI reporting for eDL-MIMO was further discussed but no conclusion could be reached [1]. Several proposals are still under discussion [5] – [9]. They can be summarized as follows:
	Number
	Proposal
	Metric

	1
	Renesas [5]
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	Ericsson [6]
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	3
	Huawei [7]
	Use fixed rank 1 for all SNR
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	4
	NEC [9]
	


	5
	Intel [8]
	Reuse current RI test methodology

	6
	Ericsson [6]
	Verify that the ratio of rank 2 reports to rank 1 reports is larger than a prescribed value for EPA5 with low antenna correlation


In the sequel pros and cons of the various proposals are analyzed. All proposals are made to avoid that advanced receivers are penalized at low SNR. That means that any receiver improvement that increases throughput should not make it more difficult to pass the test for the selected metric. However, on the other side, also care needs to be taken that no so-called base line receivers are penalized by any new metric. 

The following observations can be made:

· Following the analysis in [4], the metric of proposal 1 can be written as
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The requirement is the value (. The advantage of this metric is that the crossover point where TR2 becomes larger than TR1 does not cause problems since the right hand side of the metric automatically approaches one for TR1 = TR2. 

· Comparing proposals 2 and 4, it is seen that they are identical for a given SNR operation point. For a SNR where TR2 > TR1 this metric does indeed not penalize advanced receivers since such a receiver reports more often rank 2 is than rank 1. However, in case of TR2 < TR1 the metric is the same as in Rel-8.
· Proposal 3 is also identical to proposals 2 and 3 if TR2 > TR1. Therefore, this proposal achieves the goal not to penalize advanced receivers if the SNR operation point is sufficiently high, too. However, at low SNR a receiver may still report rank 1 in most of the cases. In this case (1 needs to be set to one and the test becomes obsolete.
· Proposal 6 assumes that a good receiver reports more often rank 2, therefore the metric is defined as the ration of the rank 2 and rank 1 reports. A receiver that always reports rank 2 at low SNR but has a bad throughput could pass such a test easily. 

· Proposal 5 assumes an ideal receiver and does not consider that the crossover point for rank 2 and rank 1 is receiver dependent.

In [7] results of previous simulation campaigns for RI reporting performance were collected. It can be seen from Figure 1 in [7] that the crossover point where rank 2 throughput is higher than rank 1 throughput strongly depends on the receiver. A large spread of crossover points for the different company receivers in the order of several dBs can be seen. 
For advanced receivers it is expected that the crossover point moves to lower SNR values, but the spread across companies will remain. Therefore proposals 2 and 4 suffer from the same problem than the RI reporting methodology in Rel-8. The concern is that again ( needs to be set to one to accommodate all different receiver implementations. Since advanced receivers may not be introduced within Rel-10 time frame, the test metric of proposal 3 may also require that ( needs to be set to one at low SNR. Proposal 6 has the disadvantage that a bad receiver could easily pass the test. 
In summary, it is not seen that proposals 2 – 6 solve the problem with the existing RI reporting test methodology. Proposal 1 seems the most suitable suggestion to overcome the issues with the Rel-8 methodology. However, it still remains to be evaluated by means of simulations how the ( value can be set.
Proposal 4: Adopting RI methodology proposed in [5] is the preferred option if it can be validated by means of simulations that the ( value can be set properly. 

If proposal 1 can not be validated by means of simulations proposals 2 and  4 could also be extended in the following way:
a) Use the metric according to proposals 2 and 4

b) For the test in low SNR, define two SNR test points (e.g. -2 dB and 2 dB)

c) Requirement ( must be met at least at one SNR test point

If both SNR test points are sufficiently far apart (but still at low SNR), TR1 and TR2 should be different at least at one of the SNR test points for each receiver doing a proper rank adaptation. Then for this SNR test point, the requirement can be met. 

3. Conclusion 

In this contribution remaining aspects for PMI and RI reporting in eDL MIMO have been considered. Following proposals are made:
Proposal 1: For 8Tx single and multiple PMI tests high spatial correlation should be applied.
Proposal 2: For testing W2 it is proposed to use high correlation model, PUSCH 3-1 reporting mode and to measure the throughput ratio for fixed W1, selected W2 versus fixed W1, random W2.

Proposal 3: For testing W1 it is proposed to use the high correlation applying one randomizing angle (0, PUSCH 1-2 reporting mode and to measure the throughput ratio for follow PMI over random PMI. 
Proposal 3: Adopting RI methodology proposed in [5] is the preferred option if it can be validated by means of simulations that the ( value can be set properly.
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