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1 Introduction

In the last meeting, there were many discussions on PUSCH 3-2 test methodology, while few consensuses were reached. Main concerns focus on how to set the time-delay, propagation channel, scheduling algorithm and so on.
In this contribution, firstly give the summary of the background and the related progress on PUSCH 3-2 test in the previous meeting are given, and then discuss the key points of PUSCH 3-2 test. Finally link level simulation results are provided to verify the feasibility of our proposed test scheme.

Background and progress
As it’s almost a consensus that the throughput ratio of PUSCH 3-2 and PUSCH 3-1is treated as test metric, the remaining issues is to find out a reasonable test scenario to achieve a relative bigger throughput ratio to justify the feasibility. The related contributions [2][3][4] have provided their options which had been justified by link level simulation.
Option 1, verified in [2][4]
· 4x2 EVA5, ULA low
· 0ns time-delay among antennas
· Random subband scheduling

· 10MHz

Option 2, verified in [3]
· 4x2 EVA5, X-pol high
· 130 ns time-delay among antennas

· Best subband scheduling
· 10MHz
Option 3, verified in [4]
· 2x2 EVA-high

· 65 ns time-delay among antennas

· Best subband scheduling
· 20Mhz
Regarding the above options, there exist some concerns about 130ns time-delay for Option 2 and on 20MHz for Option 3.
2 Discussion
Time-delay among TX antennas
 Frequency-selective channel is necessary to verify the measurement accuracy of subband CQI and subband PMI and for enlarging the performance gain of PUSCH 3-2 over PUSCH 3-1time-delay among TX antennas are introduced by several companies.  However, we have the different view and we think that it’s not reasonable to introduce such a large time delay between adjacent antennas:

, large time delay will impact the UE performance and is not be expected in realistic deployment.
· In the current spec, there are the following guidance about antenna ports in TS36.213 and TS36.211,the related contents are cited as follows: 

·  Section 7.1.10 in TS36.213:
A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 – 3, 5, 7 – 22 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
· Section 6.2.1 in TS36.211:
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise.
       Based on the above description, it is expected that delay spread among antenna ports should be same and not permit the relative large time delay. 
· From UE implement perspective  , it would be reasonable that the similar  multi-path delays are  assumed  among different antenna ports . UE could estimate PDP from the single antenna port or by averaging across the ports, and then use  estimated PDP to conduct  the time-synchronization and channel estimation.  ThereforeIf the large time delays among  each antenna were introduced, the performance degradation would be incurred due to the inaccurate  PDP estimation and to what extent the degradationcould be observed depend on the UE implementations. 

Based on the analysis, there is the following observation: 
Observation 1:, UE may fail to pass the test cases with large delay spread among antenna ports as per the current LTE specification.
From the network deployment perspective, there does not exist the corresponding scenarios where a large time-delay among antenna ports is permitted.

· In realistic network, the different time delay amongantenna ports observed at UE side generally comes from:

· The time alignment error (TAE) from BS station in TS36.104. It is defined that: “For MIMO or TX diversity transmission, at each frequency, TAE should not exceed 65ns”, which means the largest timing difference between any two signals should not exceed 65ns. 

So, in practical network, UE usually observe a TAE less than 65ns. Based on the analysis, it can be concluded that: 
Observation 2: From real-deployment perspective, the case with large time-delay among TX antennas doesn’t exist. 
Test cases

In our opinion, at least a test based on legacy codebook for PUSCH 3-2 feedback should be introduced, There are no clear conclusion that these two features (support of PUSCH 3-2 and support of new 4Tx codebook) in Rel-12 eDL-MIMO WI is  mandatory or optional. Therefore, it is suggested that  at least a test based on legacy codebook for PUSCH 3-2 feedback should be introduced

Besides, we realize that the measurement and reporting procedures for PUSCH 3-2 with Rel-12 new 4TX codebook are different from those for PUSCH 3-2 with the legacy 4TX codebooks. For the Rel-12 new 4Tx codebook, “the UE shall report a first precoding matrix indicator for all set S subbands and also report a second precoding matrix indicator for each set S subband”. So it would also be reasonable to specify an additional test for PUSCH 3-2 with Rel-12 4TX codebook. 

Observation 3: it is proposed that the PUSCH 3-2 CSI requirements with the legacy codebook should be specified, and in additional the PUSCH 3-2 CSI requirements with the Rel-12 new 4Tx codebook could also be considered.
3 Evaluation
In this section, we would like to justify the feasibility of using the throughput ratio of PUSCH 3-2 over legacy CSI feedback mode as the test metric. The simulation assumptions are provided In Table 1, and simulation results in Figure 1.
Table 1: Simulation assumptions of PUSCH 3-2 feedback
	Parameter
	Values

	Antenna configuration
	4x2 low

	Propagation channel
	EVA5

	CSI feedback mode
	· PUSCH 1-2

· PUSCH 3-1

· PUSCH 3-2

	Granularity of scheduled resource 
	One subband (6PB)

	Resource allocation
	One subband, randomly selected from entire subbands

	MCS
	Adapted MCS, followed subband-CQI or wideband-CQI

	Precoding matrix
	· Random PMI

· followed wideband-PMI or subband-PMI

	Transmission mode
	TM6

	Rank
	Rank 1

	Maximum Time delay
	0ns/65ns
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Figure 1 throughput performance of different CSI feedback

From the above results, it can be observed that within SNR range of [0 dB 12dB]: 

· Regarding the throughput ratio of PUSCH 3-2 over PUSCH 3-1 , we could observe 1.15~1.25 throughput ratio without time delay, and 1.18~1.30 throughput ratio with 65ns time delay
· Regarding the throughput ratio of PUSCH 3-2 over PUSCH 1-2, we can observe 1.05~1.10 without or with 65ns time delay between antennas
So, regarding the test metric of throughput ratio of following PUSCH 3-2 over PUSCH 3-1, based on the above observation, we proposed that:
Observation 4: The throughput ratio of following PUSCH 3-2 over PUSCH 3-1 would be feasible as the test metric for PUSCH 3-2 CSI reporting tests with the following assumptions:
· 
4x2 EVA5, ULA low

· 
0ns or 65ns time-delay between antennas

· 
Random subband scheduling
Regarding the other test metric of the throughput gain of following PUSCH 3-2 over PUSCH 1-2, according to our simulation results, the throughput ratio would not be significant enough. To solve this issue, the statistics of the distribution of the reported differential subband CQI-s could be introduced as the additional test metric to rule out UE cheating.

Observation 5: The statistics of the distribution of the reported differential subband CQI-s should be introduced as the additional test metric for PUSCH 3-2 CSI reporting requirements.
4 Summary
Based on the analysis and simulation in the above section, we would like to provide a summary of our proposals on PUSCH 3-2 tests. 
Proposal 1: the following test cases are proposed to verify the PUSCH 3-2 CSI reporting:
· Test case 1
· Simulation assumptions

· 4x2 EVA5, ULA low

· 0ns or 65ns time-delay between antennas

· Random subband scheduling

· R.8 4TX codebook

· Test metric

· Throughput ratio of PUSCH 3-2 over PUSCH 3-1

· The statistics of the distribution of the reported differential subband CQI-s
· Test case 2 (FFS)
· Simulation assumptions

· R.12 4TX codebook

· Other FFS

· Test metric

· FFS
5 Conclusion
In this contribution, we discuss the test cases of PUSCH 3-2 for Rel-12 eDL-MIMO. And the simulation results are provided to verify the test metric. The observations are summarized as below:
Observation 1: From the specification point of view, UE may fail to pass the test cases with different delay spread between antenna ports which aren’t supported in LTE specification.
Observation 2: From real-deployment point of view, the case with large time-delay between TX antennas doesn’t exist. 
Observation 3: it is proposed that the PUSCH 3-2 CSI requirements with the legacy codebook should be specified, and in additional the PUSCH 3-2 CSI requirements with the Rel-12 new 4Tx codebook could also be considered.
Observation 4: The throughput ratio of following PUSCH 3-2 over PUSCH 3-1 would be feasible as the test metric for PUSCH 3-2 CSI reporting tests with the following assumptions:
· 
4x2 EVA5, ULA low

· 
0ns or 65ns time-delay between antennas

· 
Random subband scheduling

Observation 5: The statistics of the distribution of the reported differential subband CQI-s should be introduced as the additional test metric for PUSCH 3-2 CSI reporting requirements.
Based on the observation and results, we propose that:

Proposal 1: the following test cases are proposed to verify the PUSCH 3-2 CSI reporting:
· Test case 1
· Simulation assumptions

· 4x2 EVA5, ULA low

· 0ns or 65ns time-delay between antennas

· Random subband scheduling

· R.8 4TX codebook

· Test metric

· Throughput ratio of PUSCH 3-2 over PUSCH 3-1

· The statistics of the distribution of the reported differential subband CQI-s
· Test case 2 (FFS)

· Simulation assumptions

· R.12 4TX codebook

· Other FFS

· Test metric

· FFS
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