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1
Introduction
During the RAN4#60bis meeting, the following test metrics were agreed [1] as working assumptions for verifying the accuracy of UE reported rank indication.
· Low SNR with low correlation test: Metric 2 (TRA / TR2 ≥ (2)
· High SNR with low correlation test: Metric 1 (TRA / TR1 ≥ (1)

· High SNR with high correlation test: Metric 1 (TRA / TR1 ≥ (1)

Over the email discussion after the RAN4#60bis meeting, a new version of CSI reporting framework document is provided [2], in which the above working assumptions are captured and power settings are updated. However, the reference measurement channels (RMC) were not.

In this contribution, we first provide updated values of RMC which in our opinion should be used to determine all FDD CSI performance requirements with 2Tx transmission and 50 PRB allocation. Secondly we provide our initial throughput ratio results according to the updated framework document [2] for the FDD RI test and using these new RMC values.
2
Discussion
2.1
RMC for FDD 2Tx RI tests
Reference measurement channel values for FDD 2Tx, 2 CSI-RS ports and 1 CRS ports are listed in Table 1; note that the main difference to the framework document [2] is adding extra columns to account for different coding rate and transport block size in CSI-RS subframes (SF#1 and 6).

Table 1: Reference measurement channel corresponding to each CQI index for 50 PRB allocation based on CSI-RS estimation for 2Tx case

	CQI index
	Modulation
	Target code rate 
	Imcs (Subframes 1,6)
	Imcs (Subframes 2,3,4,7,8,9)
	Information Bit Payload (Subframes 1,6)
	Information Bit Payload (Subframes 2,3,4,7,8,9)
	Binary Channel Bits Per Sub-Frame (Subframes 1,6)
	Binary Channel Bits Per Sub-Frame (Subframes 2,3,4,7,8,9)
	Actual Code rate
(Subframes 1,6)
	Actual Code rate
(Subframes 2,3,4,7,8,9)

	0
	out of range
	out of range
	DTX
	DTX
	-
	-
	-
	-
	-
	-

	1
	QPSK
	0.0762
	0
	0
	1384
	1384
	11200
	11400
	0.1236
	0.1214

	2
	QPSK
	0.1172
	0
	0
	1384
	1384
	11200
	11400
	0.1236
	0.1214

	3
	QPSK
	0.1885
	2
	2
	2216
	2216
	11200
	11400
	0.1979
	0.1944

	4
	QPSK
	0.3008
	4
	4
	3624
	3624
	11200
	11400
	0.3236
	0.3179

	5
	QPSK
	0.4385
	6
	6
	5160
	5160
	11200
	11400
	0.4607
	0.4526

	6
	QPSK
	0.5879
	8
	8
	6968
	6968
	11200
	11400
	0.6221
	0.6112

	7
	16QAM
	0.3691
	10
	11
	7992
	8760
	22400
	22800
	0.3568
	0.3842

	8
	16QAM
	0.4785
	31
	13
	11448
	11448
	22400
	22800
	0.5111
	0.5021

	9
	16QAM
	0.6016
	14
	15
	12960
	14112
	22400
	22800
	0.5786
	0.6189

	10
	64QAM
	0.4551
	17
	17
	15264
	15264
	33600
	34200
	0.4543
	0.4463

	11
	64QAM
	0.5537
	19
	19
	18336
	18336
	33600
	34200
	0.5457
	0.5361

	12
	64QAM
	0.6504
	21
	22
	21384
	22920
	33600
	34200
	0.6364
	0.6702

	13
	64QAM
	0.7539
	23
	23
	25456
	25456
	33600
	34200
	0.7576
	0.7443

	14
	64QAM
	0.8525
	25
	25
	28336
	28336
	33600
	34200
	0.8433
	0.8285

	15
	64QAM
	0.9258
	26
	26
	30576
	31704
	33600
	34200
	0.9100
	0.9270


2.2
Simulation results for the FDD RI test scenario
In Figure 1, throughput ratio curves of follow-RI (T_RA) vs. fixed-R1 (T_R1) and fixed-R2 (T_R2) are provided for the 2x2 antenna configuration EPA5 low correlation channel. It is observed at
· low SNR, throughput ratio (TRA / TR2) is approx. 1.1 @ SNR = 0dB

· high SNR, throughput ratio (TRA / TR1) is approx. 0.83 @ SNR = 20dB
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Figure 1: Throughput ratio of follow-RI vs. fixed-R1 and fixed-R2 in 2x2 EPA5 low correlation channel.
Overall, low throughput ratio is obtained for both test metrics between the range of 0dB and 20dB SNR. The reason for the observed results is that at the given SNR, the CQI index corresponding to rank 2 transmission is on average 3 to 4 indices lower than that reported from rank 1. Even though two codewords are transmitted in the rank 2 case, the total throughput is still less than that for one codeword transmission.
In Figure 2, same throughput ratio curves are shown for the 4x2 antenna configuration in EPA5 low correlation channel. It is observed at

· low SNR, throughput ratio (TRA / TR2) is approx. 1.35 @ SNR = 0dB

· high SNR, throughput ratio (TRA / TR1) is approx. 1.29 @ SNR = 20dB
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Figure 2: Throughput ratio of follow-RI vs. fixed-R1 and fixed-R2 in 4x2 EPA5 low correlation channel.
In Figure 3, throughput ratio curve of follow-RI vs. fixed-R1 is depicted and results are shown to be quite in line with the expectation that UE reports RI=1 in most of the time in 4x2 EPA5 high correlation channel.
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Figure 3: Throughput ratio of follow-RI vs. fixed-R1 in 4x2 EPA5 high correlation channel.
Based on the above observed results, we list following options that can be adopted as the way forward in resolving the low throughput ratio behavior with the current test setup with 2x2 antenna configuration.
Option 1: Change the antenna configuration to 4x2 for all RI test points (more realistic to practical network usage and assuming cabling effect can be resolved from [3]). Furthermore, by not having a static test for 2Tx with TM9 transmission, it will be impossible to verify CQI definition under this antenna configuration. And thus, CQI bias can be heavily exploited just to cater for the RI tests.
Option 2: Further investigate this issue by applying a different codebook subset restriction to both rank 1 and rank 2 transmissions.
In choosing between these two options, our preference is to adopt Option 1 as the way forward. As for the reference measurement channel for 4Tx transmission, Table 1 provided in [4] should be followed.
3
Conclusions

In this contribution, we provided updated RMC values that are suitable for the FDD 2Tx RI test with 50 PRB allocation, 2 CSI-RS ports and 1 CRS ports. Some initial results for the FDD RI test using 2Tx and 4Tx transmissions are also provided. It is observed that throughput ratio lower than 1.0 is consistently obtained for the 2Tx transmission and a significantly higher throughput ratio of above 1.25 is obtained for the 4Tx. 
Two options that can be adopted as the way forward in resolving the low throughput ratio issue are provided.
Option 1: Change the antenna configuration to 4x2 for all RI test points (more realistic to practical network usage and assuming cabling effect can be resolved from [3]). Furthermore, by not having a static test for 2Tx with TM9 transmission, it will be impossible to verify CQI definition under this antenna configuration. And thus, CQI bias can be heavily exploited just to cater for the RI tests.

Option 2: Further investigate this issue by applying a different codebook subset restriction to both rank 1 and rank 2 transmissions.

In choosing between these two options, our preference is to adopt Option 1 as the way forward. As for the reference measurement channel for 4Tx transmission, Table 1 provided in [4] should be followed.
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