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1 Introduction
Beam-forming by means of code-book based precoding for single codeword can provide significant user and system gains by virtue of 2-3 dB precoding gains. Therefore, it is proposed [1] to verify the PMI reporting using a relative throughput test specifying a requirement in terms of a minimum SNR (precoding) gain that is directly related to the system performance gains.

It is important that the PMI reporting capability of each mobile is tested so the methodology should be sufficiently receiver agnostic. There are essentially two ways of devising the relative test (for each DUT):

1. Measure the difference between the SNR required at a fixed throughput when the eNodeB is following the UE PMI reports and when random (or fixed) precoding is applied

2. Measure the difference in throughput at a fixed SNR for the two cases above

The first method would give the precoding gain directly at a fixed throughput level, but may be time consuming since iteration has to be used during the test procedure in order to find the required SNR at a certain throughput. The second method will give supply an improvement in terms of throughput more quickly, but the SNR level selected is more sensitive to different receiver implementations and it may be more difficult to set a test point.

In [1] it was suggested to use two FRC and two different channel models. Both single-PMI reporting and multi-PMI reporting should be tested in relevant scenarios. One way of reducing test time, whilst still using a requirement in terms of a precoding gain, is to use only one propagation channel and FRC combination per PMI reporting type. A combination could be the following two test scenarios, which target different user scenarios:
a. QPSK 1/3 with 10 MHz bandwidth tested for EVA5 and wideband-PMI reporting on PUSCH 3-1 (cell edge)
b. 16QAM 1/2 with 20 MHz bandwidth tested for EPA5 and frequency-selective PMI on PUSCH 1-2 (closer to site or isolated cell)

The case (b) is selected for multi-PMI for it turns out that there is a 1 dB improved precoding gain relative to single-PMI wideband precoding. In this document we present further simulation results and make a text proposal for inclusion of PMI test cases into Clause 9 of TS 36.101.  
2 Simulation results for 10 and 20 MHz bandwidths
According to the simulations presented in [1] for 10 MHz bandwidth, frequency-selective precoding (by means of multi-PMI feedback) only provides a marginal gain for QPSK as compared to wideband precoding for the dispersive EVA channel. Indeed, the precoding gain is SNR- and MCS dependent. For higher SNR and 16QAM 1/2 the corresponding gain is up to 1 dB even for EPA that is not as frequency selective, and can be expected to increase further if the bandwidth is increased (the ratio to the coherence bandwidth of EPA then larger). 

Next we present simulation results for 16QAM 1/2 with 10 and 20 MHz channel bandwidths and 5 Hz Doppler for a 2 x 2 antenna configuration. The antenna correlation is low which may be more typical at 2 GHz bands and we look at EPA and EVA channel profiles. We compare with the case in which the transmitter (eNode B) precoders are randomly selected in each subframe, which may represent a case in which the UE PMI reporting is not accurate. Figure 1 shows the results.

[image: image1]
Figure 1: UE recommended PMI reporting versus random precoding for 10 and 20 MHz channels.
For 20 MHz there is a 1 dB difference between wideband and frequency-selective precoding; almost the same for 10 MHz. Upon comparing EPA and EVA for these bandwidths, there is a slightly larger precoding gain for EPA that exhibits slightly lesser frequency diversity than EVA.    
These results suggest that we should pick 16QAM 1/2, EPA5 and 20 MHz bandwidth for testing multi-PMI reporting, while we retain the proposal in [1] and the QPSK 1/3, EVA5 and 10 MHz bandwidth for testing single-PMI reporting.
3 PMI test configuration
Hence, for the test configurations, we propose to verify PMI reporting at two different SNR levels based on the SNR (or precoding) gain:

1. QPSK 1/3, 10 MHz and 2 x 2 EVA5 using wideband precoding reported on PUSCH 3-1
2. 16QAM 1/2, 20 MHz and 2 x 2 EPA5 using frequency selective precoding reported on PUSCH 1-2
Contrary to the CQI tests, we keep the transport format constant corresponding to a fixed CQI index but vary the precoders. The requirement is specified in terms of the difference of the SNR required for achieving [90]% of the maximum throughput following the UE reports and using random precoding selection, respectively. This SNR gain will be denoted “precoding gain” in what follows.
The PMI reports should be supplied using the shortest interval (1 ms).
4 Text proposal for FDD and TDD
The text proposal for the PMI reporting test cases for single-PMI and multi-PMI for FDD and TDD follows (only TDD shown below to save space but same setup for FDD):

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 when the transmitter precoders are varying randomly and when configured according to the UE reports, respectively. Transmission mode [4] 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
where SNRrnd and SNRue are the SNR required for achieving the throughput for randomly selected precoding and when configured according to the reported PMI, respectively. 
Minimum requirement PUSCH 3-1

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

	Bandwidth
	MHz
	10
	

	Transmission mode
	
	[4]
	

	Uplink downlink configuration
	
	1
	

	Special subframe configuration
	
	4
	

	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]
	

	Measurement channel
	
	[QPSK 1/3]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, the precoders shall be updated every available subframe (1 ms granularity)

Note 2:





Table 1B Minimum requirement (TDD)
	Precoding gain [dB]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:

 


Minimum requirement PUSCH 1-2

For the parameters specified in Table 2A, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 2B.

Table 2A PMI test for single-layer (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	20
	

	Transmission mode
	
	[4]
	

	Uplink downlink configuration
	
	1
	

	Special subframe configuration
	
	4
	

	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]
	

	Measurement channel
	
	[16QAM 1/2]
	

	Max number of HARQ transmissions
	
	4
	

	Note 1:
For random precoder selection, the precoders shall be updated every available subframe (1 ms granularity)

Note 2:





Table 2B Minimum requirement (TDD)

	Minimum [SNR] precoding gain [dB]

	Test 1 
	Test 2

	TBD
	

	Note 1:


Note 2:
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 channel=EVA; sub-band precoding; 10 MHz





 channel=EVA; sub-band precoding; 20 MHz





 channel=EVA; random wideband precoding; 10 MHz





 channel=EVA; wideband precoding; 10 MHz





 channel=EVA; wideband precoding; 20 MHz





 channel=EVA; random wideband precoding; 20 MHz





 channel=EPA; sub-band precoding; 10 MHz





 channel=EPA; sub-band precoding; 20 MHz





 channel=EPA; wideband precoding; 10 MHz





 channel=EPA; random wideband precoding; 10 MHz





 channel=EPA; wideband precoding; 20 MHz





 channel=EPA; random wideband precoding; 20 MHz
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