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1. Introduction

Following agreements were made in RAN1#96bis on RI=3-4 extension, especially there are three alternatives of (L, p) parameters settings.
Agreement
On RI=3-4 extension:

· K0 setting: agree on supporting Alt1, i.e. total max # NZ coefficients across all layers ≤ 2K0 where the K0 value set for RI({1,2} 

· FD basis subset selection: agree on layer-specific subset selection

· Coefficient subset selection: agree on layer-specific subset selection

Agreement

SD basis subset selection is layer-common
Agreement

 On RI=3-4 extension:

· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 

· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)

In this contribution we provide simulation results of different alternatives and compare the performance and UE complexities.
2. Simulation results
2.1 High rank overview
In this section, we perform a study on the performace vs overhead of high rank extension for Rel-15 type II CSI codebook and DFT-based CSI compression. Perfromance of Rel-15 type II CSI with L = 4 and layers up to 2 is taken as baseline for comaprison. In the following figures, we provide simulation results to demonstrate the performance gain by increasing maximum supported rank up to 4 without constraint on overhead. 
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Figure 1. Performance vs overhead for high rank extension for M = 4
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Figure 2. Performance vs overhead for high rank extension for M = 7

Figure 1 and figure 2 present the MU-MIMO performance comparison between layers up to 2 and 4 per UE with Rel-15 type II CSI and DFT-based CSI compression scheme. It is observed that maximum layers up to 4 achieves around 25% gain over layers up to 2 in both cases however the CSI overhead is varies significantly. It has been agreed that total NNZC should be smaller than or equal to 2K0 (for rank > 2), however the results in above figures have a better performance without limitation on NNZC. 
Therefore, in the following section, system level simulation results are provided for identifying high rank DFT compression scheme with different alternatives of (L, p) parameters settings and limited NNZC for rank>2.
2.2 Alt 2B, Alt 2C and Alt 6E
Alt2B:
	RI
	Layer
	L
	M

	1
	0
	[image: image3.png]



	[image: image4.png]




	2
	0
	
	

	
	1
	
	

	3
	0
	
	[image: image5.png]




	
	1
	
	

	
	2
	
	[image: image6.png]




	4
	0
	
	[image: image7.png]




	
	1
	
	

	
	2
	
	[image: image8.png]




	
	3
	
	


Table 1 Alt2B
Alt3C:
	RI
	Layer
	L
	M

	1
	0
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Table 2 Alt3C

Alt6E:
	RI
	Layer
	L
	M

	1
	0
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Table 3 Alt6E
From the above table 1, it can be noticed that the overhead for high rank is directly enlarged with increasing of rank number. For the sake of overhead limitation, the parameter of y2 should be smaller than y0. In Alt3C, it can be observed that the parameter M setting is separated on rank level. Similarly, the value of v0 * ri should not be much larger than 2 * y0. Besides, in table 3, the parameter of M is both rank specific and layer specific. It can be easily observed that Alt 2B and Alt3C are special cases of Alt 6E. And, from our point of view, the main aim of Alt 6E is to support flexibility for parameter configuration in network side. Therefore, we will compare Alt6E and Alt3C with similar CSI overhead by applying same total FD basis number per rank below. 
2.3 comparison
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Table 4 Parameter setting for Alt 2B and Alt 3C compassion
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Table 5 Parameter setting for Alt 3C and Alt 6E compassion
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Figure 3. Performance vs overhead for Alt2B and Alt3C for case 0
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Figure 4. Performance vs overhead for Alt2B and Alt3C for case 1
From the above two figures, it can be observed that overall performance of Alt 3C better than Alt2B with some flexibility in network configuration. In other words, Alt 3C provides a better CSI overhead and performance balance compared to Alt 2B. Further more, in figure 3, it can be observed that the performacne of Alt 3C is slightly worse, no more than 1% degradation, than Alt 2B with the cost of more CSI overhead, while the average UPT performance of Alt 3C has a bit improvement in comparision to that of Alt 2B with similar overhead. Meanwhile, in figure 4, average UPT performacne and overhead of Alt 3C has a significant improvment in contrast to shceme of Alt 2B with similar CSI overhead for case 1.
Observation 1: 

· The performance of Alt 3C is slightly worse than Alt 2B with the cost of more CSI overhead for case 0, while the average UPT performance of Alt 3C has a bit improvement in comparison with that of Alt 2B with similar overhead.
· The average UPT performance of Alt 3C has a significant improvement in contrast to that of Alt 2B for case 1 with similar overhead.
· Overall, Alt 3C provides reasonable balance between overhead and performance gain in contrast to Alt 2B.
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Figure 5. Performance vs overhead for Alt3C and Alt6E for case 0
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Figure 6. Performance vs overhead for Alt3C and Alt6E for case 1
Since Alt 2B and Alt 3C are specical cases of Alt 6E. And, we observed that Alt 3C has a better ovhead and performacne balance than Alt 2B. Hence, we compare the evaluation results between Alt 3C and Alt 6E below. Besides, in table 5, all cases of Alt 3C and Alt 6E have almost equal total overhead as a limitation of same total number of FD basis per rank settings across two alternatives are considered. From figure 5 and figure 6, it can be seen that more than 1% performance gain is achieved by Alt 3C for case 0, while almost 4% performance gain is obtained for Alt 3C with 2K0 = 56 for case 1. For the case 1 with 2K0=28, the performance of Alt 3C is slightly better than that of Alt 2B. Therefore, in general, Alt 3C shows a considerable gain without increasing overhead in comparsion with Alt 2B.
Observation 2: 

· Alt 2B and Alt 3C are special cases of Alt 6E.
· More than 1% performance gain is achieved by Alt 3C for case 0.

·  Almost 4% performance gain is obtained for Alt 3C with 2K0 = 56 for case 1.
· For the case 1 with 2K0=28, the performance of Alt 3C is slightly better than that of Alt 2B.

· Alt 3C shows a considerable gain without increasing overhead in comparison with Alt 2B.
3. Conclusions

In this contribution we provided simulation results on L, p settings for rank above 2, three alternatives from RAN1#96bis are compared and we have following observations:
Observation 1: 

· The performance of Alt 3C is slightly worse than Alt 2B with the cost of more CSI overhead for case 0, while the average UPT performance of Alt 3C has a bit improvement in comparison with that of Alt 2B with similar overhead.
· The average UPT performance of Alt 3C has a significant improvement in contrast to that of Alt 2B for case 1 with similar overhead.
· Overall, Alt 3C provides reasonable balance between overhead and performance gain in contrast to Alt 2B.
Observation 2: 

· Alt 2B and Alt 3C are special cases of Alt 6E.
· More than 1% performance gain is achieved by Alt 3C for case 0.

·  Almost 4% performance gain is obtained for Alt 3C with 2K0 = 56 for case 1.

· For the case 1 with 2K0=28, the performance of Alt 3C is slightly better than that of Alt 2B.

· Alt 3C shows a considerable gain without increasing overhead in comparison with Alt 2B.
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Appendix A: SLS assumption
SLS assumptions for CSI enhancement 
	Parameter
	Value

	Duplex, Waveform 
	FDD，OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 3,4) Type II overhead reduction

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation 

	MIMO layers
	Up to 8 MU layers

	CSI feedback 
	CSI feedback periodicity (full CSI feedback) :  5 ms, 
Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Up to 8 port DMRS without additional symbols

CSI-RS overhead included

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	20 % 

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead;
Ratio between throughput and CSI feedback overhead

	Baseline for performance evaluation
	Rel-15 Type II Codebook
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