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1 Introduction

In the last meeting, the similar views on how to design PUSCH 3-2 CSI reporting tests were shared by the majority of companies, which were:

· PUSCH 3-2 CSI reporting tests should verify the performance of SB CQI and SB PMI, and meanwhile should verify  the performance gain compared to PUSCH 3-1.
· The test metric of PUSCH 3-2 CSI reporting tests could be set as the throughput ratio (gain) of PUSCH 3-2 over legacy PUSCH feedback modes, i.e., PUSCH 3-1 and/or PUSCH 1-2.
Based on the online and offline discussion, some comments and concerns were received, which mainly focused on following aspects:
· How to define the frequency-selective antenna correlation channel model for PUSCH 3-2 CSI tests? 
· Whether to introduce the additional time delays between the different antenna ports?
· The further verification is needed to confirm the feasibility of the test metric of throughput ratio of PUSCH 3-2 over PUSCH 3-1.

In this contribution, we would like to discuss how to define the propagation condition including correlation channel mode, and test metrics for PUSCH 3-2 CSI reporting test, and then give our proposals.
2 Discussion
Propagation channel

Regarding PUSCH 3-2 CSI reporting tests, a frequency-selected antenna correlation channel is needed to at least distinguish the performance between PUSCH 3-2 and PUSCH 3-1. 
One way to achieve such kind of channel is to introduce the additional time delay between different antenna ports. In [1] and [2], it has been proved that, the time offset larger than 0.25 us between adjacent antennas could efficiently help enlarging the performance gain of PUSCH 3-2 over PUSCH 3-1.  

However, we have the different view and we think that introducing such a large time delay between adjacent antennas would not be feasible, because:
· The following description of the antenna ports quasi co-location are defined in TS36.213 and TS36.211, which means that from the specification point of view, the delay spread from different antenna port should be the same.
·  Specification for QCL [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.
· Specification for QCL [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.
· In practical network, the different time delay between antennas observed at UE side generally comes from:
· The different propagation path from different antenna. Taking 2GHz carrier frequency for example, 0.25us additional time-delay will result from about additional 500m propagation route, which seldom happen in real network.
· The time alignment error (TAE) from BS station. TS36.104 has 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.
· From UE implement point of view, it would be reasonable for the UE to assume the multi-path delays are similar among different antenna ports. UE could achieve the estimation of PDP from the single antenna port or by averaging across the ports, and then apply the estimated PDPfor the time-synchronization and channel estimation.  So, if the different time delays between each antenna were introduced, the performance degradation would be observed due to the estimation error of PDP and to what extent the degradation should be would depend on the  UE implementations. 
In sum, because the large time delay between antennas in the proposed model would not comply with the LTE specification for TAE at BS side, and may result in the unexpected performance degradation, we propose not to introduce a large time delay between antennas for PUSCH 3-2 CSI reporting tests. 
· Proposal 1: it is proposed that RAN4 should not introduce a time-delay larger than>65ns between the different TX to Rx paths for PUSCH 3-2 CSI reporting test.
Regarding the small value of time delay between the different antennas, i.e., time delay less than 65ns, we could further discuss whether it is helpful for investigating the performance gain of PUSCH 3-2 over legacy feedback mode. The corresponding simulation results could be found in section 3.
Test cases
In our opinion, at least a test based on legacy codebook for PUSCH 3-2 feedback should be introduced, because it is not decided whether these two features (support of PUSCH 3-2 and support of new 4Tx codebook) in Rel-12 eDL-MIMO WI should be mandatory or optional. 
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. 
· Proposal 2: 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 following assumptions are used and the detailed simulation assumptions are provided in Table 1.
· Propagation channel: 4x2 low and EVA5
· Different CSI feedback mode: PUSCH 1-2, PUSCH 3-1, PUSCH 3-2
· Resource allocation scheme: random subband allocation
· Pre-coding scheme: following the subband PMI(if available, otherwise wideband PMI)
· MCS scheme: following the subband CQI (if available, otherwise wideband CQI)
Based on the observations in [1] and [3], in order to achieve the significant gain of PUSCH 3-2 over PUSCH 3-1 to provide a meaningful test metric, we propose to randomly schedule the data transmission across all the subbands rather than schedule the transmission in the subbands with the highest reported subband CQI.

And we also evaluate the effect of introducing the time delays with the maximum value of 65ns between any pair of transmit antennas to see whether it is necessary or efficient. 

The simulaiton results are provided 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
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Figure 1 throughput performance of different CSI feedback with different TX antenna
From the above results, it can be observed that within SNR range of [0 dB 12dB]: 

· By using the throughput ratio of PUSCH 3-2 over PUSCH 3-1 as the test metric, we can observe

· The 1.15~1.25 throughput gain without the 65ns time delay between the antennas;

· The more significant gain of 1.80~1.30 with 65ns time delay between the antennas;
· By using the throughput ratio of PUSCH 3-2 over PUSCH 1-2, we can observe

· The gain about 1.05~1.1 without or with 65ns time delay between antennas
· Higher the SNR the smaller the gain is, especially for the case when SNR >12dB;

· It is because that in the condition of 4TX close-loop MIMO with RANK-1, the channel condition could easily support the high-MCS data transmission with high SNR, where for all of these several CSI reporting modes the high CQI index would be reported and thus the throughput gain decreases.
For the configuration of 4x2 and rank-1 transmission, the low and median SNR region are reasonable for selecting the test points, e.g., from 0dB to 20dB, which would also the typical reference SNR values in real deployment scenario. Within this SNR range, the throughput ratio of PUSCH 3-2 over PUSCH 3-1 would be around 1.2. Furthermore, if the ratio of 1.2 was thought as not sufficient, the small time delay between the different antennas (≤ 65ns between any pair of antennas) could be introduced.
So, we think 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.
· Proposal 3: 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. 
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 be a test metric to verify the performance gain of PUSCH 3-2 over PUSCH 1-2. If the gain was not significant enough, UE would pass the test by cheating and always using PUSCH 1-2 although PUSCH 3-2 was configured.
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.
· Proposal 4: 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.
In the existing CQI fading tests, the performance at both high and low SNR points were verified. So for PUSCH 3-2 tests, we could also use two test points with the high and low SNR. With respect to the configuration of 4x2 and rank 1, given the performance gain of PUSCH 3-2 over PUSCH 3-1, we would like to proposal the following reference SNR:

· Proposal 5: The feasible SNR region for PUSCH 3-2 tests would be
· High SNR value: [0dB 4dB]
· Low SNR value: [8dB 12dB]
But for how to select the test points, we need more discussion. There would be two ways: one is to select the test point at a certain SNR; the other way is to select the test point according to the x% relative throughput either at PUSCH 3-2 performance curve or PUSCCH 3-1/1-2 curve.
Besides the above test metrics in Proposal 3 and 4, others criterion had been proposed to PUSCH 3-2 test in [1][3][4], which could be:
· Sub-band PMI distribution of PUSCH 3-2 feedback
· The average BLER of subband scheduling of PUSCH 3-2 feedback
· Delta CQI between the WB median CQIs of RM 3-2 and RM 3-1
In our opinion, these tests metrics seem reasonable to benefit the verification of the correct UE implementations. But more study would be needed.
4 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 proposals are summarized as below:

· Proposal 1: it is proposed that RAN4 should not introduce a time-delay larger than>65ns between the different TX to Rx paths for PUSCH 3-2 CSI reporting test.

· Proposal 2: 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.
· Proposal 3: 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. 
· Proposal 4: 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.
· Proposal 5: The feasible SNR region for PUSCH 3-2 tests would be
· High SNR value: [0dB 4dB]
· Low SNR value: [8dB 12dB]
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6 Appendix – PUSCH 3-2 test cases

--------------------------------------------------- Start of insert ---------------------------------------------------

The minimum performance requirement in Table xx-2 is defined as

a)
A sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;

b)
The ratio of the throughput obtained when transmitting based on UE PUSCH3-2 reported subband CQI and subband PMI  and that obtained when transmitting based on UE PUSCH 3-1 reported subband CQI and wideband PMI  shall be ≥ ;
c) 
…
TBS selection is based on the UE wideband CQI feedback with PUSCH 1-2 feedback and UE subband CQI feedback with PUSCH 3-1 or 3-2 feedback. For the parameters specified in Table xx-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table xx-2.

Table xx-1 Sub-band test for FDD

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	PDSCH resource allocation
	RB
	6PRB, randomly selected within a subband

	Transmission mode
	
	6

	Downlink power allocation
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	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	[EVA5]

	Antenna configuration
	
	[4x2]

	Beamforming Model
	
	Based on CSI feedback

	CRS reference signals
	
	Antenna ports 0,1, 2, 3

	CodeBookSubsetRestriction bitmap
	
	FFS

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-2

PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4a with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Table xx-2 Minimum requirement (FDD)
	
	Test 1
	Test 2

	 [%]
	TBD
	TBD

	 [%]
	TBD
	TBD

	 
	1.0x
	1.0x

	UE Category
	1-8
	1-8
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