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1
Introduction
After the RAN4#59 meeting in Barcelona, an initial CSI verification framework for TM9 was approved in [1] during the email approval process. For the agreed PMI test cases, it is understood that the channel models and spatial correlations are to be further evaluated by simulation until this meeting (RAN4#59AH). 
In this contribution, we provide throughput ratio results for both single- and multiple-PMI tests in different channel models and spatial correlations aiming to finalise these test settings and their performance verification point.
2
Simulation results for PMI tests
During performance simulations, some minor errors were found on the “CSI-RS SubframeConfig” parameter defined in the framework document (for the same reason pointed out in [2]). 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. However, the result trends are not expected to differ if other values were used.
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
	
3624
	
9912
	
	
	
	

	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
	
3.2616
	10.1496
	
	
	
	

	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


2.1 Single-PMI (wideband precoding) FDD test
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Figure 1: PUSCH 3-1 throughput ratio performance in different channel types

As seen in Fig. 1, higher throughput ratio is observed in spatially correlated channels compared to un-correlated ones. This is in-line with the expectation since main directions of the channel are confined when the channel is highly correlated and hence higher precoding gain should be obtained when UE reports the right /correct PMI(s). As shown, this is predominantly more evident in mid to low percentage of max throughput when random PMI is used. Therefore, keeping verification point @ 60% seems quite feasible.
At 60% verification point, throughput ratio performances are very similar in both EVA5 and EPA5 high correction channels. Since the configured reporting mode (PUSCH 3-1) is for wideband precoding, we suggest using the EPA5 channel.
The final decision of the channel model, spatial correlation and verification point should jointly consider results from using different UE receiver implementation (if available).
Proposal 1: It is slightly preferred that EPA5 high correlation channel is defined for the single-PMI test and keeping the same verification point at 60%.
2.2 Multiple-PMI (Subband precoding) FDD test
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Figure 2: PUSCH 1-2 throughput ratio performance in different channel types
For the multiple-PMI test with PUSCH 1-2 reporting mode, similar throughput ratio trend to the previous single-PMI test is obtained. For subband precoding, however, higher precoding gain is observed from follow-PMI in correlated channels compared to un-correlated ones only in the lower percentage region of max throughput. This is mainly due to follow-PMI precoding at subband level is better matched to the instantaneous channel condition. Subsequently, at the 60% verification point, all simulated channel types have very close throughput ration performance.
To fulfil the intended test purpose of subband precoding, reusing the EVA5 channel with low spatial correlation seems more appropriate. The final decision of the channel model, spatial correlation and verification point should jointly consider results from using different UE receiver implementation (if available).
Proposal 2: It is slightly preferred that EVA5 low correlation channel is defined for the multiple-PMI test and keeping the same verification point at 60%.
7
Conclusions

In this contribution, we provided throughput ratio results for both single- and multiple-PMI FDD tests in different channel models and spatial correlations.
In summary, we propose the following:

Proposal 1: It is slightly preferred that EPA5 high correlation channel is defined for the single-PMI test and keeping the same verification point at 60%.
Proposal 2: It is slightly preferred that EVA5 low correlation channel is defined for the multiple-PMI test and keeping the same verification point at 60%.
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