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1 Introduction  
In RAN1#80bis meeting, CSI-RS and CSI enhancement schemes were discussed and captured in the draft TP 36897[1]. There are three potential CSI-RS and CSI enhancement categories:

Category 1: Non-precoded CSI-RS-based schemes 
Category 2: Beamformed CSI-RS-based schemes  
Category 3: Hybrid beamformed CSI-RS and non-precoded CSI-RS based schemes
In this contribution, we focus on the performance evaluation of proposed codebook [1], which belongs to non-precoded CSI-RS based schemes. The performance evaluation is based on the same offered traffic load corresponding to high, medium and low load cases (i.e. RU ≈ 70%, 50%, 20%) of the baseline case. In the contribution, we also give the comparison of performance between different TXRUs with the same traffic load assumption.

2 Performance evaluation for codebook enhancement 
· Evaluation of 8 TXRUs 

In this section, codebook enhancement schemes are evaluated in the case of 8TXRUs, where the antenna port configuration is 4H (Horizontal) 2V (Vertical) as shown in Figure 1. For the baseline, Rel.10 8TX codebook is used. For the enhancements, the detailed codebook design can be found in [1]. In the simulation, the UMi scenario is assumed, and the other simulation assumptions are shown in the appendix.
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Figure 1   Antenna port configurations of 4H2V

In Table 1, we show the performance evaluation of the codebook design for 4H2V. The baseline belongs to beamformed CSI-RS based scheme, i.e., category 2.
Table 1 8TXRU performance evaluation (UMi 2GHz) 
	RU
	4H2V Antenna configuration
	5% UPT

 (bps/Hz)
	50% UPT

(bps/Hz)
	Average UPT
(bps/Hz)
	 λ

	20%
	Rel.12 8Tx codebook
	0.89(100%） 
	2.99 (100%)
	3.17（100%）
	1.4 

	
	New codebook
	1.05(118%)
	3.18 (106%)
	3.32（105%）
	1.4

	50%
	Rel.12 8Tx codebook
	  0.51(100%)
	1.79 (100%)
	2.1（100%）
	3 

	
	New codebook
	0.6 (118%)
	1.89 (106%)
	2.2 (105%)
	3


Observation 1: With the same codebook size, the proposed codebook has about 18% and 5% performance gain for 5% UPT and average UPT in the lower and median traffic load, respectively.
Based on the above observation, our proposal on 8TXRU is as follows:

Proposal 1: For 8TXRUs, a new codebook based on Kronecker product can be introduced for the 4H2V antenna configurations. 
· Evaluation of 16 TXRUs
In this section, codebook enhancement schemes are evaluated in case of 16TXRUs, the typical antenna port configurations include 8H2V and 4H4V, as shown in Figure 2. 
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Figure 2    Antenna port configurations of 4H4V and 8H2V

From Figure 2, we can see that the antenna array structure for 4H4V and 8H2V is very similar, just a 90 degrees direction rotation from each other. Thus, if there is a codebook designed for 8H2V, e.g., the proposed codebook in [1], it can be used in the antenna configurations of 4H4V only with different antenna indexing at eNBs.

 In Table-2, we show the performance evaluation for 8H2V (16TXRUs) with the proposed codebook. In Table-3, the performance evaluation of 4H4V (16TXRUs) with the same codebook as used in 8H2V is shown.
Table 2 Performance evaluation for 8H2V (UMi 2GHz)
	RU
	16TXRU
	5% UPT (bps/Hz)
	50% UPT

      (bps/Hz)
	Average UPT (bps/Hz)
	λ

	20%
	Baseline
	1.12(100%） 
	3.02 (100%)
	 3.25（100%）
	1.6 

	
	8H2V Codebook
	1.56(139%）
	3.92 (130%)
	3.8（117%）
	1.6

	50%
	Baseline
	0.63(100%)
	2.02 (100%)
	2.37 (100%) 
	3.2 

	
	8H2V Codebook
	0.72 (114%)
	2.27 (112%)
	2.62 (111%)
	3.2

	70%
	Baseline
	0.43 (100%)
	1.54 (100%)
	1.92 (100%)
	4 

	
	8H2V Codebook
	0.60 (140%)
	1.93 (125%)
	2.28 (119%)
	4


Table 3 Performance evaluation for 4H4V with the same codebook as 8H2V(UMi 2GHz)
	RU
	16TXRU
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Average UPT (bps/Hz)
	λ

	50%
	Baseline
	  0.64（100%） 
	2.03 (100%)
	     2.36（100%）
	2.6

	
	4H4V with the same codebook as 8H2V
	0.95 (148%)
	2.5 (123%)
	2.83 (120%)
	2.6

	70%
	Baseline
	  0.37（100%） 
	1.3 (100%)
	    1.69（100%）
	3.7 

	
	4H4V with the same codebook as 8H2V
	0.53 (143%)
	1.72 (132%)
	2.08 (123%)
	3.7


From Table-2, we can see that about 11%~19% performance gain can be observed. With the same codebook of 8H2V and only with different indexing at eNB, there is about 20% performance gain can be obtained. This means a uniformed codebook design can be used for 16TXRUs, such as 8H2V and 4V4V.

If the 8H2V codebook is used in 4H4V, there may be a little mismatch due to the antenna element spacing and angular spread is different between horizontal and vertical domain. However, as shown in Table-3, the significant performance gain also can be obtained. Thus, a uniform codebook can be used for 16TXRUs (8H2V, 4H4V) with only indexing switching.
According to the tables, we have the following observations and proposals:
Observation 2:  With the same size as Rel.10 8Tx codebook, the new codebook for 8H2V antenna configuration obtains significant gain over baseline scheme for 16TXRUs, i.e., about 14%~40% and 11%~19% performance gain for 5% UPT and average UPT, respectively. 
Observation 3:  With the same codebook of 8H2V, for 4H4V antenna configuration, about 43%~48% and 20%~23% performance gain for 5% UPT and average UPT can be obtained. 
Proposal 2: Taking into account the significant performance gain, a new codebook should be introduced for 16 TXRUs.
Proposal 3: A uniform codebook structure can be considered between different antenna configurations for 16TXRUs.
·  Comparison between 8 TXRUs and 16TXRUs
In this section, we compare the performance between 16TXRUs and 8TXRUs with the proposed codebook and 8Tx codebook, respectively. Based on the evaluation results, the comparison where the antenna configuration is the same but the enhancement case has a larger number of TXRUs is also included in this subsection. In Table 4, the performance comparison of difference TXRUs are given, where the baseline is assumed as the 8H1V case with Rel-10 8Tx codebook.
Table 4 Performance comparison between 8TXRUs and 16TXRU (UMi 2GHz)
	RU
	8TXRUs/16TXRUs


	5% UPT (bps/Hz)
	50% UPT

 (bps/Hz)
	AverageUPT (bps/Hz)
	λ

	20%
	8TXRU with Rel-10 codebook
	 0.99(100%） 
	3.03(100%)
	3.2（100%）
	1.4 

	
	8H2V for 16TXRU
	1.48(149%)
	4.0 (132%)
	3.83 (118%)
	1.4

	50%
	8TXRU with Rel-10 codebook
	0.51 (100%)
	1.96(100%)
	2.28 (100%) 
	2.9

	
	8H2V for 16TXRU
	0.87 (171%)
	2.4 (122%)
	2.74 (120%)
	2.9


In Table-4, there is about 20% performance gain and more than 49% gain can be found in cell average and cell edge, respectively. 
Observation 4:  Compared to 8H1V,  8H2V can obtain significant gain i.e., about 49%~71% and 18%~20% performance gain for 5% UPT and average UPT, respectively. 
3 Conclusions
In this contribution, we compare the performance between Kronecker product based codebook and baseline schemes on 8 TXRUs and 16 TXRUs.  According to the simulation results, we have the following observations and proposals. 

Observation 1: With the same codebook size, the proposed codebook has about 18% and 5% performance gain for 5% UPT and average UPT in the lower and median traffic load, respectively.
Observation 2:  With the same size as Rel.10 8Tx codebook, the new codebook for 8H2V antenna configuration obtains significant gain over baseline scheme for 16TXRUs, i.e., about 14%~40% and 11%~19% performance gain for 5% UPT and average UPT, respectively. 
Observation 3:  With the same codebook of 8H2V,  for 4H4V antenna configuration, about 43%~48% and 20%~23% performance gain for 5% UPT and average UPT can be obtained.
Observation 4:  Compared to 8H1V,  8H2V can obtain significant gain i.e., about 49%~71% and 18%~20% performance gain for 5% UPT and average UPT, respectively. 
Proposal 1: For 8TXRUs, a new codebook based on Kronecker product can be introduced for the 4H2V antenna configurations. 
Proposal 2: Taking into account the significant performance gain, a new codebook should be introduced for 16 TXRUs.
Proposal 3: A uniform codebook structure can be considered between different antenna configurations for 16TXRUs.
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Appendix: Simulation Assumptions

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook
And Kronecker product based 8Tx, 16Tx codebook

	Scheduler
	PF 

	Number of UEs per cell
	10 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2 or 4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for non-reciprocity operation, PUSCH 3-0 for reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3 dB
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