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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Based on the WID of NR MIMO enhancements for Rel-16 in RAN meeting #80 [1], Rel-16 will specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead as follows:
· Extend specification support in the following areas [1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2.  

It has been agreed at RAN1 96 [2] that:
Agreement
On subset selection for layer 0, agree on the following:
· Unrestricted (polarization-independent) subset selection which requires a size-2LM bitmap in UCI part 2
· 
 
· FFS: Further down selection of supported combinations of FD compression parameters  

It has been agreed at RAN1 96bis [3] that:
Agreement
Support L=6 for the following combinations of p and beta
· p value equals to 1/4, beta value equals to {1/4, 1/2, 3/4}
· p value equals to 1/2, beta value equals to 1/4
Above applies only for the case of 32 ports, rank 1 or 2, R=1
Note that the payload size for L=6 should not exceed that of Rel-15 type-2 codebook
The above feature is UE optional
FFS: Further specification support to relax UE processing complexity

In this contribution, we discuss the parameter combination reduction for the agreed DFT-based compression codebook.

Principle of parameter combination reduction
The overhead of the DFT-based compression codebook is determined by three parameters L, p and β with part of or all parameters configured by gNB. If the three parameters are indicated independently by higher layer signaling, there may exist tens of parameter combinations. However, not all the combinations are necessary because some of them have similar overhead and performance. It is necessary to remove the redundancy of parameter combinations.
The following principles for reducing the parameter combinations can be considered.
· Limited parameter combinations are remained, e.g. around six combinations in total in Rel-15 with L=2/3/4 and P=QPSK/8PSK.
· The reporting overhead is roughly increased monotonically.
· The performance is roughly improved monotonically with the increase of reporting overhead, and also always performs better than Rel-15 if assuming the same overhead.
· Only the parameter combination with the best performance is kept, if assuming the same overhead.
· Include following parameter combinations
· Similar overhead with Rel-15 Type I and with better performance
· Similar performance with Rel-15 Type II and with lower overhead
· Similar overhead with Rel-15 Type II and with better performance
The supported values of p is {1/4, 1/2} and supported values of β is {1/4, 1/2, 3/4}. It should be noted that the supported values of L is not the same for different number of Tx ports. For example, only L=2 is supported for 4 ports and L=2/4/6 is supported for 32 ports. It is reasonable to select the parameter combinations separately for different number of ports. After that, the final table may be a union of all the tables.

Evaluation results for different port numbers
For 32 ports case, the performance and overhead for all the supported parameter combinations are shown in Figure 1. From the performance-overhead trade-off, it can be observed that each point of (L, p)=(4, 1/4) performs beyond the corresponding point of (L, p)= (2, 1/2) with similar overhead. Each point of (L, p)=(6, 1/4) has a better performance and less overhead than the corresponding point of (L, p)=(4, 1/2). Therefore the combinations with (L, p)= (2, 1/2) and (4, 1/2) should be ruled out.
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Figure 1. The performance and overhead of all the supported parameter combinations for 32 ports case.
Following the principle above, a further parameter combination reduction for 32 ports are shown in Table 1, with the corresponding performance and overhead shown in Fig. 2. The first parameter combination with smallest L, p and β has similar overhead with Rel-15 Type I and better performance. The second and third parameter combinations have similar performance with Rel-15 Type II with reduce overhead. The last three parameter combinations have similar overhead with Rel-15 Type II and better performance.
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Figure 2. The performance and overhead of the reduced parameter combinations for 32 ports case.
Table 1. Reduced parameter combinations for 32 ports case.
	Index
	L
	p
	beta

	0
	2
	1/4
	1/4

	1
	2
	1/4
	1/2

	2
	4
	1/4
	1/4

	3
	4
	1/4
	1/2

	4
	6
	1/4
	1/2

	5
	6
	1/4
	3/4



For the 16 ports case, a similar combination reduction is considered with L=2 and 4 only. The performance and overhead for all supported parameter combinations are shown in Fig. 3. Following the principle above, the reduced parameter combinations are shown in Fig. 4 and Table 2.
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Figure 3. The performance and overhead of all the supported parameter combinations for 16 ports case.
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Figure 4. The performance and overhead of the reduced parameter combinations for 16 ports case.
Table 2. Reduced parameter combinations for 16 ports case.
	Index
	L
	p
	beta

	0
	2
	1/4
	1/4

	1
	2
	1/4
	1/2

	2
	4
	1/4
	1/4

	3
	4
	1/4
	1/2

	4
	4
	1/2
	1/2

	5
	4
	1/2
	3/4



The performance and overhead for all supported parameter combinations for 8 ports are shown in Fig. 5. The reduced parameter combinations are shown in Fig. 6 and Table 3.
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Figure 5. The performance and overhead of all the supported parameter combinations for 8 ports case.
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Figure 6. The performance and overhead of the reduced parameter combinations for 8 ports case.
Table 3. Reduced parameter combinations for 8 ports case.
	Index
	L
	p
	beta

	0
	2
	1/4
	1/4

	1
	4
	1/4
	1/4

	2
	4
	1/4
	1/2

	3
	4
	1/2
	1/2

	4
	4
	1/2
	3/4



The performance and overhead for all supported parameter combinations for 4 ports are shown in Fig. 7. It should be noted that only L=2 is supported for 4 ports case. The reduced parameter combinations are shown in Fig. 8 and Table 4. 
[image: ]
Figure 7. The performance and overhead of all the supported parameter combinations for 4 ports case.
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Figure 8. The performance and overhead of the reduced parameter combinations for 4 ports case.
Table 4. Reduced parameter combinations for 4 ports case.
	Index
	L
	p
	beta

	0
	2
	1/4
	1/4

	1
	2
	1/4
	1/2

	2
	2
	1/2
	1/2

	3
	2
	1/2
	3/4



If a unified table is preferred for all cases of port numbers, it may be the union of all the tables above and without the differentiation of the number of ports. If the tables for different ports follow the tables listed above, the final table is as Table 5. For a given number of ports, only a few items are valid and the configured parameter combination by the gNB shall be within the range of the valid ones.
Table 5. Union of reduced parameter combinations for different ports.
	Index
	L
	p
	beta

	0
	2
	1/4
	1/4

	1
	2
	1/4
	1/2

	2
	2
	1/2
	1/2

	3
	2
	1/2
	3/4

	4
	4
	1/4
	1/4

	5
	4
	1/4
	1/2

	6
	4
	1/2
	1/2

	7
	4
	1/2
	3/4

	8
	6
	1/4
	1/2

	9
	6
	1/4
	3/4


Therefore, we have the following proposal.
Proposal: Parameter combination reduction should be considered to reduce the complexity of Rel-16 codebook design and gNB/UE implementation, by taking into account the numbers of CSI-RS ports and rank 1-4 CSI reporting.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses the parameter combination reduction for the Rel-16 codebook, based on which the following proposal is made.
Proposal: Parameter combination reduction should be considered to reduce the complexity of Rel-16 codebook design and gNB/UE implementation, by taking into account the numbers of CSI-RS ports and rank 1-4 CSI reporting.
[bookmark: _GoBack]
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Appendix I
	Parameters
	Dense Urban (Macro layer only)

	Duplex mode
	FDD

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz for 10MHz

	System bandwidth
	10MHz (13 subbands, 4 PRBs for each subband)

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Channel model
	SCM-3D-UMa

	Inter-BS distance
	200m

	Minimum distance
	35m

	BS antenna height
	25m

	BS Tx power
	41dBm

	BS antenna configuration
	 (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8) λ

	UE antenna configuration
	(M, N, P, Mg, Ng, Mp, Np) = (1,1,2,1,1,1,1); 
the polarization angles are 0 and 90

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

	UE receiver
	MMSE-IRC

	MIMO scheme
	SU/MU-MIMO switch

	Scheduler
	PF

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Feedback assumption
	Realistic

	Channel estimation
	Realistic



image2.png
Relative Performance

145%
140%
135%
130%
125%
120%
115%

110%

Performance Vs Overhead for Different Parameters
Dense Urban, 32T2R, MU-MIMO, rank 1, 13SB, 16PSK, RU=70%

100

200
Overhead

300

400

—e—R15Type Il, L={2,3,4}

L]
X
*
A
a
X

L=2, p=0.25, beta={1/4, 1/2, 3/4}
L=2, p=0.5, beta={1/4, 1/2,3/4}
L=4, p=0.25, beta={1/4, 1/2, 3/4}
L=4, p=0.5, beta=(1/4, 1/2, 3/4}
L=6, p=0.25, beta={1/4, 1/2, 3/4}

L=6, p=0.5, beta=1/4




image3.png
Relative Performance

145%
140%
135%
130%
125%
120%
115%

110%

Performance Vs Overhead for Different Parameters
Dense Urban, 32T2R, MU-MIMO, rank 1, 13SB, 16PSK, RU=70%

50

100

150

200
Overhead

250

300

350

—e—R15Type Il, L={2,3,4}
® =2, p=0.25, beta={1/4, 1/2}
& =4, p=0.25, beta={1/4, 1/2}
W L=6, p=0.25, beta={1/2, 3/4}

400




image4.png
Relative Performance

135%

130%

125%

120%

115%

110%

Performance Vs Overhead for Different Parameters
Dense Urban, 16T2R, MU-MIMO, rank 1, 13SB, 16PSK, RU=70%

100

200
Overhead

300

A

400

—e—R15Type Il, L={2,3,4}

L=2, p=0.25, beta={1/4, 1/2, 3/4}
L=2, p=0.5, beta={1/4, 1/2, 3/4}
L=4, p=0.25, beta={1/4, 1/2, 3/4}
L=4, p=0.5, beta={1/4, 1/2,3/4}





image5.png
Relative Performance

135%

130%

125%

120%

115%

110%

Performance Vs Overhead for Different Parameters
Dense Urban, 16T2R, MU-MIMO, rank 1, 13SB, 16PSK, RU=70%

L]
50

100

150

200
Overhead

250

300

350

A

—e—R15Type Il, L={2,3,4}
® =2, p=0.25, beta={1/4, 1/2}
& =4, p=0.25, beta={1/4, 1/2}
A L=4,p=0.5,beta={1/2, 3/4}

400




image6.png
Relative Performance

135%

130%

125%

120%

115%

110%

Performance Vs Overhead for Different Parameters
Dense Urban, 8T2R, MU-MIMO, rank 1, 135B, 16PSK, RUx70%

100

200
Overhead

300

A

400

—e—R15Type I, L={2,3,4}

> ¢ B

L=2, p=0.25, beta={1/4, 1/2, 3/4}
p=0.5, beta={1/4, 1/2,3/4}
L=4, p=0.25, beta={1/4, 1/2, 3/4}

L=4, p=0.5, beta=(1/4, 1/2, 3/4}





image7.png
Relative Performance

135%

130%

125%

120%

115%

110%

Performance Vs Overhead for Different Parameters
Dense Urban, 8T2R, MU-MIMO, rank 1, 135B, 16PSK, RUx70%

50

100

150

200
Overhead

250

300

350

A

—e—R15Type I, L={2,3,4}
. p=0.25, beta={1/4}
, p=0.25, beta={1/4, 1/2}

A L=4,p=05,beta={1/2, 3/4}

* L=

400




image8.png
Relative Performance

124%

122%

120%

118%

116%

114%

112%

Performance Vs Overhead for Different Parameters
Dense Urban, 4T2R, MU-MIMO, rank 1, 135B, 16PSK, RU~70%

50

100 150
Overhead

200

250

AR15Typelll, L=2
0.25, beta={1/4, 1/2, 3/4}





image9.png
Relative Performance

124%

122%

120%

118%

116%

114%

112%

Performance Vs Overhead for Different Parameters
Dense Urban, 4T2R, MU-MIMO, rank 1, 135B, 16PSK, RU~70%

50

100 150
Overhead

200

250

ARI5Type Il, =2
® =2, p=0.25, beta={1/4, 1/2}
W =2, p=0.5, beta={1/2, 3/4}




image1.wmf
113

,,

424

b

ìü

Î

íý

îþ


oleObject1.bin

