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1
Introduction
During the RAN4#59AH meeting, a way forward document on CSI reporting accuracy verification was approved with the following agreements on PMI 4Tx FDD tests and RI reporting tests [1].
PMI Reporting Tests
· The following is adopted as a way forward to 4Tx FDD tests

· Single PMI test: EPA5 [low] correlation

· Multiple PMI test: EVA5 low correlation

RI Reporting Test
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Following RI test methodology proposals are to be further evaluated until next meeting.

· Renesas (R4-113695):
· Ericsson proposal 1 (R4-113637):

if T_R2 > T_R1:


gamma_1 requirement applies

else:


gamma_2 requirement applies

· Ericsson proposal 2 (R4-113637): verify that the ratio of the rank-2 reports to the ratio on rank-1 reports should be larger than a prescribed value for an EPA5 channel with low correlation
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NEC (improved by Huawei in R4-113798): 

· Huawei (R4-113798): It is proposed that the ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ g1 is also considered for all the eDL-MIMO RI tests.

· Intel (R4-113391): Proposal 1: Keep the current RI test methodology for eDL-MIMO CSI test.

In this contribution, we provide first our revised throughput ratio results (updated from [2] with correct TBS sizes) for both single- and multiple-PMI tests in channel models that were agreed in [1]. It is followed by a discussion with some considerations on the agreed test methodologies for further evaluation.
2
Discussion
2.1
Updated FDD single- and multiple-PMI results
In [2], some minor errors were identified related to the “CSI-RS SubframeConfig” parameter defined in the framework document [3]. Subsequently, the “Binary Channel Bits Per Sub-Frame”, “Number of Code Blocks per Sub-Frame”, “Information Bit Payload” and “Max throughput” parameters should be updated as well. The suggested values are provided in the following table. In addition, the applicable UE categories for these tests should be “1-8”.

Please note that the throughput ratio results provided in this contribution are simulated according to these suggested values.

Table A.3: Reference measurement channel 50 PRB allocation based on CSI-RS estimation (FDD)
	Parameter
	Unit
	Value

	Reference channel
	
	R.xx FDD
	R.xx

FDD
	
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	
	

	Allocated resource blocks
	
	50
	50
	
	
	
	

	Allocated subframes per Radio Frame
	
	10
	10
	
	
	
	

	Modulation
	
	QPSK
	16QAM
	
	
	
	

	Target Coding Rate
	
	1/3
	1/2
	
	
	
	

	CSI-RS SubframeConfig
	
	1
	1
	
	
	
	

	CSI-RS reference signal configuration
	
	6
	8
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 2,3,4,7,8,9
	Bits
	3624
	11448
	
	
	
	

	  For Sub-Frame 1 and 6
	Bits
	3624
	11448
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	
	
	

	  For Sub-Frame 0
	Bits
	2984
	9528
	
	
	
	

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	
	

	  For Sub-Frames 2,3,4,7,8,9
	
	1
	2
	
	
	
	

	  For Sub-Frame 1 and 6
	
	1
	2
	
	
	
	

	  For Sub-Frame 5
	
	n/a
	n/a
	
	
	
	

	  For Sub-Frame 0
	
	1
	1
	
	
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 2,3,4,7,8,9
	Bits
	12000
	24000
	
	
	
	

	  For Sub-Frame 1 and 6
	Bits
	11600
	23200
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	
	
	

	  For Sub-Frame 0
	Bits
	
9840
	
19680
	
	
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	3.1976
	10.1112
	
	
	
	

	UE Category
	
	1-8
	1-8
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]

Note 3:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
Note 4:   50 resource blocks are allocated in sub-frames 1,2,3,4,6,7,8,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0


Single-PMI (wideband precoding) FDD test
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Figure 1: PUSCH 3-1 throughput ratio performance in EPA5 low correction channel
As can be seen in Figure 1, it is very feasible to keep the same verification point @ 60% similar to all previous PMI reporting tests. Based on the provided result, a throughput ratio requirement of 1.35 would seem quite reasonable. Final decision of the verification point and the throughput ratio requirement should jointly consider results from using different UE receiver implementation (if available).
Multiple-PMI (Subband precoding) FDD test
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Figure 2: PUSCH 1-2 throughput ratio performance in EVA5 low correlation channel
Similar to the previous single-PMI test, verification point @ 60% is a good choice for the multiple-PMI test. Based on the results shown, a throughput ratio requirement of 1.4 is quite reasonable. It is also suggested for this test to jointly consider results from other implementations before concluding on the final throughput ratio requirement.
2.2
RI reporting verification
To complete the work on defining scenarios to verify CSI reporting accuracy for CSI-RS, it was agreed from the early stage to reuse the existing Rel-8/9 verification approach as much as possible. In the Rel-8/9 RI test, minimum performance requirements are defined for the following three separate test points:
· SNR = 0 dB in low correlated EPA5 channel
· SNR = 20dB in low correlated EPA5 channel

· SNR = 20 dB in high correlated EPA5 channel

In the past several meetings, the only concern on reusing these test points and their requirement definitions has been with the issue on the low SNR test point where “advanced” receivers could be penalized. So far, there have been no concerns raised against the high SNR test points and their requirement definitions. To our view these are quite stable, and hence one obvious approach would be to agree on reusing the existing requirement definitions for these two high SNR test points now, while RAN4 continues to work on finding a solution for the on-going issue in the low SNR region.
Proposal 1: It is proposed to reuse the existing requirement definitions for the two high SNR test points.
As for different proposed options in [1], we first define some receivers and their decoding capabilities in low SNR as the basis for the evaluation. 

Some background assumptions common to all receivers:
· Total testing duration = 100%
· Let 1.0 be the maximum throughput (0% block error rate) of fixed R1 transmission and assume the same MCS is reported for the entire duration.
· Let 2.0 be the maximum throughput of fixed R2 transmission and assume the same MCS is reported for the entire test duration.
· For simplicity, let’s also assume UE reported MCS is the same for R1 and R2.
Receiver_1 – cannot really support R2 transmissions most of the time (extreme low case):
· In fixed R1 transmission, transport blocks can be correctly decoded for 80% of the test time.

· In fixed R2 transmission, transport blocks can be correctly decoded for 5% of the test time.

Receiver_2 – can support R2 transmissions for some of the time (e.g. MMSE baseline receiver):

· In fixed R1 transmission, transport blocks can be correctly decoded for 80% of the test time.

· In fixed R2 transmission, transport blocks can be correctly decoded for 20% of the test time.

Receiver_3 – can support R2 transmissions more than Receiver_2 (e.g. advanced receiver):

· In fixed R1 transmission, transport blocks can be correctly decoded for 80% of the test time.

· In fixed R2 transmission, transport blocks can be correctly decoded for 40% of the test time.

Receiver_4 – can support R2 transmissions most of the time (extreme high case):

· In fixed R1 transmission, transport blocks can be correctly decoded for 80% of the test time.

· In fixed R2 transmission, transport blocks can be correctly decoded for 80% of the test time.

Now knowing each receiver’s capability, their fixed R1, fixed R2, follow-RI (theoretical maximum) throughput and throughput ratio for gamma_2 can be calculated in Table 1.
Table 1: 
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 for receivers with different R2 decoding capabilities
	
	Receiver_1
	Receiver_2
	Receiver_3
	Receiver_4
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	1.0x80%=0.8
	1.0x80%=0.8
	1.0x80%=0.8
	1.0x80%=0.8
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	2.0x5% = 0.1
	2.0x20%=0.4
	2.0x40%=0.8
	2.0x80%=1.6
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	0.85/0.1 = 8.5
	1.0/0.4 = 2.5
	1.2/0.8 = 1.5
	1.6/1.6 = 1.0


As expected, follow-RI throughput increases proportionally with receiver’s R2 decoding performance. And at the same time, the throughput ratio 
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 decreases, demonstrating the effect of penalizing receivers with better R2 decoding capability.
For the next step, we use these calculated results in Table 1 and plug them into different requirement definition proposals in [1]. The end results are shown in Table 2.
Table 2: Evaluation of different requirement definition proposals for the low SNR test point

	
	Receiver_1
	Receiver_2
	Receiver_3
	Receiver_4
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	0.85
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|0.1-0.8|
( maximum
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	R4-113637 (proposal 1) in [1]:
if 
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else: apply 
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	R4-113637 (proposal 2) in [1]:
Ratio of R2 to R1 reports
	Ratio = 0.0625
	Ratio = 0.25
	Ratio = 0.5
	Ratio = 1.0
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Note that, R4-113637 proposal 1 (row 2 of Table 2) is essentially the same as the one in row 5 from [6]. And all the maximum values shown in Table 2 are theoretical maximum for each receiver type in each requirement definition proposal.
Let’s call them from now option 1, 2, 3 and 4 correspond to the proposals in row 2, 3, 4 and 5 in Table 2. 
Observing from the results in Table 2, options 1, 2, and 4 are all shown to have large variations of maximum values. This raises a concern of potential difficulty in aligning results and requirement value proposals in the future. And it is particular problematic when 
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as shown for Receiver_3 results. As for option 3, it does not necessary fulfill the intention of the test since the throughput result from adopting follow-RI is not included as part of the performance requirement definition.
Overall, looking at Table 1 and Table 2 results again, it seem quite difficult to choose a suitable test method / requirement definition that is able to resolve the concern of penalizing “advanced” receivers and at the same time still be able to fulfill the original intention of this test.
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One last method that could be considered is to define a requirement only based on a pass or fail criterion as opposed to a pre-determined throughput ratio value. That is, for this low SNR test point only, the requirement definition could be set as:
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Proposal 2: It is proposed for low SNR test points only to define the RI performance requirement based on a pass or fail criterion as                 .
3
Conclusions

In this contribution, we provided an updated set of throughput ratio results for both single- and multiple-PMI FDD tests, and suggested throughput ratio requirement based on results obtained.
Evaluations and considerations on different RI test methodology proposals are also given in this contribution. Based on the outcome of our evaluation, we propose the following:

Proposal 1: It is proposed to reuse the existing requirement definitions for the two high SNR test points.
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Proposal 2: It is proposed for low SNR test points only to define the RI performance requirement based on a pass or fail criterion as                 .
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