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1.
Introduction
In this document we present results for PMI tests agreed in Section 9.4 of 36.101 [1]. In both the subband and wideband PMI cases the test criterion is the precoding gain (SNR gain in dB or throughput gain in %) achieved by applying the PMI that is reported by the UE, compared with a randomly chosen fixed PMI. Three possible approaches are described in [2-4]:
· Approach 1: Find the gain in dB at 80% maximum throughput ([2])
· Approach 2: Find the gain in dB at 90% maximum throughput ([3])
· Approach 3: Find the % gain in throughput at the SNR corresponding to 60% maximum throughput (for random precoder) ([4])
2.
Simulation Results
2.1 
PUSCH Mode 3-1 (Wideband PMI, EVA5, QPSK 1/3)

From the results shown in Figure 1, the estimated precoding gain obtained at 80% or 90% throughput is approximately 1dB. This figure is consistently true across a range of relative throughputs. At 60% relative throughput, the precoding gain is roughly 25%. These results agree well with those presented in [4] and [5]. 
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Figure 1 – Wideband PMI (PUSCH 3-1) Results

2.2 
PUSCH Mode 1-2 (Subband PMI, EPA5, 16QAM 1/2)
From the results shown in Figure 2, the precoding gain is found to be close to  3dB at 90% and just over 2dB at 80% relative throughputs. At 60% relative throughput the precoding gain is over 30%. This gain is slightly greater than that presented in [5].
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Figure 2 – Subband PMI (PUSCH 1-2) Results

Therefore we agree with [3] that a minimum gain of 20% would be appropriate. We express no preference between an SNR and throughput-based test.
3.
PMI Delay

It is noted that the PMI delay has yet to be specified. We propose that for consistency, “reporting delay” be reworded to “PMI delay” as in Table 8.2.1.4.1-1 of [1] and defined in the same way, i.e. as 8ms.
“If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).”
The annex shows the proposed text to capture this.
4.
Conclusion

The proposed testing methodology for PMI testing is appropriate, with simulation results consistent with those given in [3], [4], [5]. To be consistent with demodulation requirements, we propose that the precoding gain be measured at 70% of the maximum throughput. 

The annex shows a text proposal to define the reporting delay.
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6.
Annex – Text proposal for 9.4
(only FDD cases shown, TDD would follow similarly)

9.4

Reporting of Precoding Matrix Indicator (PMI)

[Editors note: the test procedure described in this setion is still FFS]
The minimum performance requirements of PMI reporting are defined based on the [difference between the SNR(s) required to achieve [90%] of the maximum throughput / the relative throughput difference] 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 improvement of the SNR defined as
[Precoding gain = SNRrnd – SNRue or (TP2 – TP1)/TP1]
where [SNRrnd and SNRue are the SNR required for achieving the throughput with a fixed randomly chosen precoder and when configured according to the reported PMI, respectively / TP1 is [60%] of the maximum throughput, measured at SNR1 assuming a fixed randomly chosen precoder. TP2 is the throughput measured at SNR1 assuming precoders configured according to the UE feedback.]

[Editors note: definition of precoding gain TBD]
9.4.1
Single PMI

9.4.1.1
Minimum requirement PUSCH 3-1

9.4.1.1.1
FDD

For the parameters specified in Table 9.4.1.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 9.4.1.1.1-2.
Table 9.4.1.1.1-1 PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10
	

	Transmission mode
	
	[6]
	

	Propagation channel
	
	[EVA5]
	

	Precoding granularity
	
	50
	

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	[-98]
	

	Reporting mode
	
	PUSCH 3-1
	

	Reporting interval
	ms
	[1]
	

	PMI delay
	ms
	8
	

	Measurement channel
	
	[QPSK 1/3]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, one precoder is chosen from the code book and used throughout the test

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).



Table 9.4.1.1.1-2 Minimum requirement (FDD)

	Precoding gain [dB/%]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:


 


9.4.2
Multiple PMI
9.4.2.1
Minimum requirement PUSCH 1-2

9.4.2.1.1
FDD

For the parameters specified in Table 9.4.2.1.1-1, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in 9.4.2.1.1-2.
Table 9.4.2.1.1-1 PMI test for single-layer (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	20
	

	Transmission mode
	
	[6]
	

	Propagation channel
	
	[EPA5]
	

	Precoding granularity
	
	8
	

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	[-98]
	

	Reporting mode
	
	PUSCH 1-2
	

	Reporting interval
	ms
	[1]
	

	PMI delay
	ms
	8
	

	Measurement channel
	
	[16QAM 1/2]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, one precoder is chosen from the code book and used throughout the test

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).



Table 9.4.2.1.1-2 Minimum requirement (TDD)

	Minimum [SNR] precoding gain [dB/%]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:
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