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1 Introduction
In this contribution we consider the definition for the requirement on PMI reporting, the current version of [1] contains two options, either

1. specify in terms of an increase of throughput 
2. or specify in terms of in increase of SNR

relative to the case of random precoding. Both methods are thus relative (for each DUT) based on finding the required SNR at a given throughput for random precoding and then 

1. measure the throughout at this SNR 

2. or verifying that the throughput is at least that given but at a lower (SNR – minimum precoding gain) 

following the reported PMI. There is no difference in test time [2].

For single-PMI (frequency non-selective) reporting both methods are indeed feasible and should yield an increase large enough compared to test tolerances. However, the SNR gain may provide a more relevant metric from a system performance perspective; it indicates the possible improvement for a certain modulation format that could be useful for e.g. network performance aspects. The particular minimum precoding (or SNR) gain is of course also obtained at a certain throughput level, but it still prevails within a range of SNR(s). 
Comparing performance for multiple-PMI to single-PMI reporting, the relative improvement using either method depends on the selection of test point, i.e. the specification of the throughput in terms of the maximum attainable. 
We propose to use Option 2 and a CR is provided in [3]. To discuss the options and discuss suitable test points we start looking at obtained from several sources [4,5,7,8].
2 Collection of simulation results
First we look at single-layer 2 x 2 results for a 10 MHz bandwidth with QPSK R=1/3 and channel EVA5 and 16QAM R=1/2 and EPA5. Figure 1 shows results from [4], Figure 2 from [5] with a test configuration in accordance with [6]. 
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Figure 1: FRC throughput performance for EVA channel (left) and EPA (right) [4].
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Figure 2: Precoding gain for EVA5 (narrowband PMI feedback) and EPA5 (wideband PMI feedback) [5]
Results for TDD are displayed in Figure 3 [7].
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Figure 3: UE recommended precoding versus random precoding simulation results for TDD [7].
Results including 20 MHz case with for both single- and multi-PMI reporting with 16QAM are shown in Figure 4 [8]. In this case, random precoding means selecting a new precoder every TTI (not according to the proposed tests in [1]).
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Figure 4: UE recommended PMI reporting versus random precoding for 10 and 20 MHz channels.

Recall that the test cases included in [1] Clause 9.4 are: 
a) QPSK 1/3, 10 MHz and 2 x 2 EVA5 using wideband precoding reported on PUSCH 3-1

b) 16QAM 1/2, 20 MHz and 2 x 2 EPA5 using frequency selective precoding reported on PUSCH 1-2

Looking at the collection of results above, the precoding gain for single-PMI reporting is around 1.5 dB depending on the selection of test point (a fraction of the maximum throughput). For Option 1 it appears reasonable to choose a value in the neighbourhood of 70% of the maximum throughput; for Option 2 in the range of 80-90%. 
For case (b), specifying at a test point of 90% of maximum throughput give some improvement compared to the single-PMI case according to Figure 4. Note that single-PMI and Multi-PMI are not tested for the same configuration. The results in Figure 1 [4] display improvements (however marginal) over a larger range.  
From a test perspective, Option 1 also gives substantial improvements for single-PMI, but from a test metric standpoint it is proposed to use Option 2. 
3 Comparison with 1 x 2 QPSK
The SNR improvement (precoding gain) achieved by a certain UE may give a more direct indication of its performance in a network even though the gain is only verified at a single test point. To this end, we compare the 2 x 2 single-layer spatial multiplexing (beam-forming) performance with 1 x 2 (receive diversity). Figure 5 shows results for single-layer with QPSK R=1/3 and EVA5, Figure 6 the corresponding results with beam-forming (realistic channel estimation assumed in an otherwise ideal receiver). It turns out that the receive diversity gives about the same SNR performance as random precoding or slightly better, but an enhanced performance is achieved if precoding is used.
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Figure 5: UE recommended PMI reporting versus random precoding.
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Figure 6: results for receive diversity with QPSK R=1/3 and EVA5.

If the test point is chosen at 70% of maximum throughput, one could relate the precoding gains to the FRC results. However, for verifying multi-PMI a higher throughput value appears more suitable.

4 Text Proposal for FDD and TDD
A text proposal based on Option 2 above and a tentative test point of 90% of the maximum throughput is shown below:
The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the difference between the SNR(s) required to achieve [90%] of the maximum throughput when the transmitter is using a fixed randomly chosen precoder and when configured according to the UE reports, respectively. Transmission mode 6 is used with a fixed transport format (FRC) configured. The requirements are specified in terms of an SNR at which the throughput shall be ≥ [90%] of the maximum throughput with precoders configured according to the UE reports, defined by
SNR = SNRrnd – precoding gain

[dB]
where SNRrnd is the SNR required for achieving [90%] of the maximum throughput with a fixed randomly chosen precoder and with the precoding gain according to the minimum requirement.

References

1.     TS 36.101v8.5.0

2.     R4-090520, “PMI reporting verification test method”, Anritsu

3.     R4-091284, “Requirements for PMI reporting”, Ericsson

4.     R4-090888, “PMI reporting evaluation”, Icera Semiconductor

5.     R4-090571, “Verification of the PMI reporting”, Nokia

6.     R4-090279, “PMI reporting verification and system performance”, Ericsson
7.     R4-090769, “Some consideration on TDD PMI reporting verification”, CATT
8.     R4-090627, “TP 36.101: configuration for PMI reporting test case”, Ericsson

 channel=EPA; random wideband precoding; 20 MHz





 channel=EPA; wideband precoding; 20 MHz





 channel=EPA; random wideband precoding; 10 MHz





 channel=EPA; wideband precoding; 10 MHz





 channel=EPA; sub-band precoding; 20 MHz





 channel=EPA; sub-band precoding; 10 MHz





 channel=EVA; random wideband precoding; 20 MHz





 channel=EVA; wideband precoding; 20 MHz





 channel=EVA; wideband precoding; 10 MHz





 channel=EVA; random wideband precoding; 10 MHz





 channel=EVA; sub-band precoding; 20 MHz





 channel=EVA; sub-band precoding; 10 MHz





 





 





throughput





7





x 10





3





2.5





2





1.5





1





0.5





0





25





20





15





10





5





0





-5





-10








_1295674092.ppt












































-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5









SNR, dB

THROUGHPUT, Mbps





Wideband PMI report

Frequency-Selective PMI report

Random Precoding

Fixed Precoding (PMI=1)
























































_1295674040.ppt












































-1

0

1

2

3

4

5

6

7

8

9

0

2

4

6

8

10

12

14

16









SNR, dB

THROUGHPUT, Mbps





Wideband PMI report

Frequency-Selective PMI report

Random Precoding

Fixed Precoding (PMI=1)
































































