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1. Introduction
In the last meeting, RAN3 agreed fronthaul bandwidth and complexity as criterion [1]. This paper provides the evaluation of the split points summerized in [2] on the required bandwitdth. 
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Figure1: NR Layer-1 functionalities and their distribution between lls-CU and lls-DU for DL and UL
2. Discussion
As addressed in [3], since the study in Rel-14 was done based on the certain parameters [3] provided in some contribution, it would be necessary to reconsider the parameter sets based on the RAN1 progress. Following table summerizes the proposed parameter sets including the one proposed in [3] and some examples of deployments. 
Table1: Parameter sets for fronthaul bandwidth evaluation

	Parameter set
	Channel BW 


	Modulation scheme
	Num of MIMO layer
	IQ bitwidth
	Num of antenna port

	[Ref] 

TR38.801
	100MHz(DL/UL)
	DL: 256QAM
UL: 256QAM
	DL:8
UL: 8
	DL: 2*(7~16)bit 

UL: 2*(10~16)bit
	DL: 32

UL: 32

	#1 
(used in [3])
	400MHz(DL/UL)
	DL: 256QAM
UL: 256QAM
	DL:8 (NOTE)
UL:4
	
	DL: 32

UL: 32

	#2
	160MHz(DL/UL)
	DL: 256QAM
UL: 64QAM
	DL:8
UL:4
	
	DL: 32

UL: 32

	#3
	640MHz(DL/UL)
	DL: 64QAM
UL: 64QAM
	DL:2

UL:2
	
	DL: 2
UL: 2

	#4
	640MHz(DL/UL)
	DL: 256QAM
UL: 64QAM
	DL:8
UL:2
	
	DL: 8
UL: 8


NOTE: While RAN1 agreed to support 12 layers for MU-MIMO, and 8layers for SU-MIMO, this table assumes SU-MIMO.
Based on the parameter sets, we calculated the required fronthaul bandwidth for DL and UL respectively. 

Table2: The required fronthaul bandwidth for split points and parameter sets for DL
	DL
	Option6
	Option7

	
	
	7-3
	7-2
	7-2c
	7-2a
	7-1

	Transferred data
	Baseband bits
	Quantized IQ (f)

	Scaling based on MIMO layer/ antenna port
	MIMO layers
	MIMO layers /

Ant ports

(NOTE1)
	MIMO layers
	Ant ports

	Required FH BW [Gbps]
	[Ref] TR38.801
	4.133
	4.133
	10.1 ~ 22.2
	10.1 ~ 22.2 /

37.8 ~ 86.1
	10.1 ~ 22.2
	37.8 ~ 86.1

	
	Parameter sets
	#1
	16.5
	16.5
	40.4 ~ 88.8
	40.4 ~ 88.8 / 
151.2 ~ 344.4
	40.4 ~ 88.8
	151.2 ~ 344.4

	
	
	#2
	6.61
	6.61
	16.6 ~ 35.5
	16.6 ~ 35.5 / 
60.48 ~ 137.7
	16.6 ~ 35.5
	60.48 ~ 137.7

	
	
	#3
	4.96
	4.96
	16.6 ~ 35.5
	16.6 ~ 35.5 / 
15.12 ~ 34.4
	16.6 ~ 35.5
	15.12 ~ 34.4

	
	
	#4
	26.45
	26.45
	64.64 ~ 142.08
	64.64 ~ 142.08 / 60.48 ~ 137.76
	64.64 ~ 142.08
	60.48 ~ 137.76


NOTE1: Depends on the presence of Digital BF
Table3: The required fronthaul bandwidth for split points and parameter sets for UL
	UL
	Option6
	Option7

	
	
	7-3
	7-2
	7-2a
	7-1

	Transferred data
	Baseband bits
	Quantized IQ (f)

	Scaling based on MIMO layer/ antenna port
	MIMO layers
	MIMO layers
	MIMO layers/

Ant ports

(NOTE2)
	MIMO layers
	Ant ports

	Required FH BW [Gbps]
	[Ref] TR38.801
	5.64
	16.6~21.6
	16.6~21.6 / 53.8~86.1
	16.6~21.6
	53.8~86.1

	
	Parameter sets
	#1
	15.04
	33.2 ~ 43.2
	33.2 ~ 43.2 / 215.2 ~ 344.4
	33.2 ~ 43.2
	215.2 ~ 344.4

	
	
	#2
	4.512
	13.28 ~ 17.28 
	13.28 ~ 17.28 / 86.08~ 137.76
	13.28 ~ 17.28
	86.08~ 137.76

	
	
	#3
	9.024
	26.56 ~ 34.56
	26.56 ~ 34.56 / 21.52  ~ 34.44
	26.56 ~ 34.56
	21.52 ~ 34.44

	
	
	#4
	9.024
	26.56 ~ 34.56
	26.56 ~ 34.56 / 86.08 ~ 137.76
	26.56 ~ 34.56
	86.08 ~ 137.76


NOTE2: Depends on the presence of Digital BF / Prefiltering

Proposal: To capture the evaluation table on required FH BW above. 
3. Conclusion
This paper shows the evaluation of fronthaul bandwidth for each splt point and following is proposed.
Proposal: To capture the evaluation table on required FH BW above.
4. Reference
[1] RAN3#97 Chairman’s note
[2] TS38.401
[3] TS36.321
5. Annex: Text proposal to 38.816
	5
Evaluation criteria and comparison of options

Following table compares the required fronthaul bandwidth for each split point corresponding to the parameter sets:
Table5-1: The required fronthaul bandwidth for split points and parameter sets for DL

DL

Option6

Option7

7-3

7-2

7-2c

7-2a

7-1

Transferred data

Baseband bits

Quantized IQ (f)
Scaling based on MIMO layer/ antenna port

MIMO layers
MIMO layers /

Ant ports

(NOTE1)

MIMO layers
Ant ports

Required FH BW [Gbps]

[Ref] TR38.801
4.133

4.133

10.1 ~ 22.2

10.1 ~ 22.2 /

37.8 ~ 86.1

10.1 ~ 22.2

37.8 ~ 86.1

Parameter sets
#1
16.5

16.5

40.4 ~ 88.8

40.4 ~ 88.8 / 

151.2 ~ 344.4

40.4 ~ 88.8

151.2 ~ 344.4

#2

6.61

6.61

16.6 ~ 35.5

16.6 ~ 35.5 / 

60.48 ~ 137.7

16.6 ~ 35.5

60.48 ~ 137.7

#3

4.96

4.96

16.6 ~ 35.5

16.6 ~ 35.5 / 

15.12 ~ 34.4

16.6 ~ 35.5

15.12 ~ 34.4

#4

26.45
26.45
64.64 ~ 142.08
64.64 ~ 142.08 / 

60.48 ~ 137.76

64.64 ~ 142.08
60.48 ~ 137.76

NOTE1: Depends on the presence of Digital BF

Table5-2: The required fronthaul bandwidth for split points and parameter sets for UL
UL

Option6

Option7

7-3

7-2

7-2a

7-1

Transferred data

Baseband bits

Quantized IQ (f)
Scaling based on MIMO layer/ antenna port

MIMO layers
MIMO layers
MIMO layers/

Ant ports

(NOTE2)

MIMO layers
Ant ports

Required FH BW [Gbps]

[Ref] TR38.801
5.64
16.6~21.6
16.6~21.6 / 53.8~86.1
16.6~21.6
53.8~86.1
Parameter sets
#1
15.04
33.2 ~ 43.2
33.2 ~ 43.2 / 215.2 ~ 344.4
33.2 ~ 43.2
215.2 ~ 344.4
#2

4.512
13.28 ~ 17.28 
13.28 ~ 17.28 / 86.08~ 137.76
13.28 ~ 17.28
86.08~ 137.76
#3

9.024
26.56 ~ 34.56
26.56 ~ 34.56 / 21.52  ~ 34.44
26.56 ~ 34.56
21.52 ~ 34.44
#4

9.024
26.56 ~ 34.56
26.56 ~ 34.56 / 86.08 ~ 137.76
26.56 ~ 34.56
86.08 ~ 137.76
NOTE2: Depends on the presence of Digital BF / Prefiltering

Following table shows the parameter sets used for the evaluation in Table 5-1 and 5-2. 
Table5-3: Parameter sets for fronthaul bandwidth evaluation

Parameter set

Channel BW 

Modulation scheme

Num of MIMO layer
IQ bitwidth
Num of antenna port
[Ref] 

TR38.801

100MHz(DL/UL)
DL: 256QAM
UL: 256QAM
DL:8
UL: 8

DL: 2*(7~16)bit 

UL: 2*(10~16)bit
DL: 32

UL: 32

#1 

(used in [3])
400MHz(DL/UL)
DL: 256QAM
UL: 256QAM
DL:8 (NOTE)

UL:4

DL: 32

UL: 32

#2
160MHz(DL/UL)
DL: 256QAM
UL: 64QAM
DL:8
UL:4
DL: 32

UL: 32

#3
640MHz(DL/UL)
DL: 64QAM
UL: 64QAM
DL:2

UL:2

DL: 2

UL: 2

#4
640MHz(DL/UL)
DL: 256QAM
UL: 64QAM
DL:8

UL:2

DL: 8

UL: 8

NOTE: While RAN1 agreed to support 12 layers for MU-MIMO, and 8layers for SU-MIMO, this table assumes SU-MIMO.
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