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1. Introduction
In the last meeting, [1] presented the evaluation result on the required fronthaul bandwidth for each split option addressed in this SI. Since the some companies saw some gaps from their own analysis, this paper aims to clarify the calculation formula used in [1] and propose the text proposal on the required fronthaul bandwidth for TR38.816. 

2. Discussion

In the LS reply from RAN1 [2], the figure presented in RAN3 was confirmed as possible gNB implementation. Also, RAN1 provided analysis on the fronthaul bandwidth dependency change between number of transmission layers and number of antenna ports as following:
	(Q3) Where would fronthaul bandwidth dependency change between number of transmission layers and number of antenna ports?
For the DL, fronthaul bandwidth depends on implementation of Pre-coding and Digital BF. As an example, if DL digital spatial weight is applied only in the Pre-coding block, the numbers of signal dimension are transmission layers and antenna ports before and after the Pre-coding block, respectively. As another example, if DL digital spatial weight is applied in both of the Pre-coding and Digital BF block, the numbers of signal dimension are transmission layers before the Pre-coding and antenna ports after the Digital BF blocks. In this case, the signal dimension between Pre-coding and Digital BF is up to gNB implementation. Similarly, the UL is up to gNB implementation.


Therefore, RAN3 could evaluate the required fronthaul bandwidth based on the figure presented in RAN3 taking the RAN1 analysis into account. 
Proposal1: Evaluate the required fronthaul bandwidth based on the figure presented in RAN3 taking the RAN1 analysis into account.

The analysis in [1] and [3] on the required fronthaul bandwidth was based on the example parameter in Table1.
Table1. Example parameter set

	Parameter set
	Channel BW 

	Modulation scheme
	Num of 
MIMO layer
	IQ bitwidth
(NOTE1)
	Num of antenna port

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

UL: 256QAM
	DL:8

UL:4
	DL: 2*7 bit

UL: 2*10bit
	DL: 32

UL: 32


NOTE1: While IQ bandwidth has some ranges (i.e. 2*7 ~ 2*16 for DL, 2*10 ~ 2*16 for UL), the lowest values are used for simplicity in following calculation example.
The fronthaul bandwidth figures provided in [1] and [3] together with the formula used are shown in Table2 and 3 for DL and UL respectively. In addition, as both [1] and [3] states the fronthaul bandwidth figures from TR38.801 and applied scaling, the fronthaul bandwidth figures together with the formula used in TR38.801 are also shown in Table2 and 3 for reference. After comparing [1] and [3], it was found out that the fronthaul bandwidth figures in [3] are higher as larger spectrum usage, 99% instead of 90%, was assumed. Since RAN1 specification supports up to 99% of spectrum usage, we also suggest to adopt this. 

Furthermore, the baseline captured in TR38.801 was based on the LTE and calculated focusing on purely Uu baseband bits or IQ data. But actually, there would be additional traffic (e.g. scheduling and beamforming command) and extra overhead of the transport layer. Thus, we suggest to consider 20% of margin as an upper bound estimation (since the details estimation is difficult) while actual values will be expected to be smaller.

The fronthaul bandwidth figures using the updated formula based on above suggestions are also shown in Table2 and 3. 

Table2. The required FH BW calculation in DL
	FH BW [Gbps]
	Option6 / 7-3
	7-2 (Opt7a)
	7-1 (Opt7b)

	[Ref]
TR38.801

	4.133 =
(LTE peak rate for 20MHz System BW, 2 MIMO layer, 64QAM)*(System BW scaling)*(MIMO layer scaling)*(QAM scaling)+Overhead

Where Overhead accounts for scheduling/control signalling
=150Mbps*(100/20)*(8/2)*(8/6)+133Mbps
	10.1 = 
 (LTE Num of Sub-Carrier for 20MHz) * (System BW scaling) * (OFDM symbol rate) * (MIMO layer)*  (IQ bitwidth) + Overhead

Where Overhead accounts for scheduling/control signalling
= (1200*5)*14*8*7*2*1000 + 713.9M
	37.8 = 
(LTE Num of Sub-Carrier for 20MHz) * (System BW scaling) * (OFDM symbol rate) * (Num of Ant port)*  (IQ bitwidth) + Overhead

Where Overhead accounts for scheduling/control signalling
= (1200*5)*14*32*7*2*1000 + 121M

	NEC paper [3]
(R3-173033)
	16.5 =(150M+5M)*(400/20)*(8/2)*(8/6)
 
	44.4
=10.1*((6600*4)/(1200*5))
	166.3 
= 37.8*((6600*4)/(1200*5))

	DCM paper [1]
 (R3-173881)
	16.5
= 4.133 *(400/100)
	40.4
=10.1*(400 /100)
	151.2
= 37.8 * (400 / 100)

	Proposed formula and value
	21.816
={4.133*(400/100*99/90)}*1.2
	53.28
={10.1*(400/100*99/90)}*1.2
	199.56
= {37.8*(400/100*99/90)}*1.2


Table3. The required FH BW calculation in UL
	FH BW [Gbps]
	Option6
	7-2 (Opt7a)
	7-1 (Opt7b)

	[Ref]
TR38.801

	5.64 =

(LTE peak rate for 20MHz System BW, 1 MIMO layer, 16QAM)*(System BW scaling)*(MIMO layer scaling)*(QAM scaling)+Overhead

Where Overhead accounts for control signalling

=(50M+44M)*(100/20)*(8/1)*(6/4)
	16.6 = 
(LTE Num of Sub-Carrier for 20MHz) * (System BW scaling) * (OFDM symbol rate) * (MIMO layer)*  (IQ bitwidth) + Overhead

Where Overhead accounts for control signalling
= (1200*5)*14*8*10*2*1000 + 120M

	53.8 = 
(LTE Num of Sub-Carrier for 20MHz) * (System BW scaling) * (OFDM symbol rate) * (Num of Ant port)*  (IQ bitwidth) + Overhead

Where Overhead accounts for control signalling
=(1200*5)*14*32*10*2*1000 + 80M

	NEC paper [3]
(R3-173033)
	15.8 =(50M+44M)*(400/20)*(4/1)*(8/4)
	29.9
=13.6*((6600*4)/(1200*5))*(4/8)
(NOTE)
	236.7
= 53.8*((6600*4)/(1200*5))

	DCM paper [1]
 (R3-173881)
	15.04

=5.64*(400/100)*(4/8)*(8/6)
	33.2

=16.6*(400 / 100) * (4/8)
	215.2

= 53.8 * (400 / 100) * (32/32)

	Proposed formula and value
	19.8
={5.64*(400/100)*(4/8)*(8/6) 99/90}*1.2
	35.9
={13.6*(400 / 100) * (4/8)* 99/90}*1.2
(NOTE)
	284.0
= {53.8 * (400 / 100) *99/90}*1.2


NOTE: While Table A-1 in TR38.801 captures “16.6Gbps”, “13.6Gbps” is correct result based in the paper [5].
Proposal2: Capture the required fronthaul bandwidth analysis based on the proposed formula and value in Table2 and 3 in TR38.816.
The corresponding text proposal to TR38.816 based on [4] is provided in section5. 
3. Conclusion

This paper proposed the TP for FH BW to TR38.816. Followings are proposed:

Proposal1: Evaluate the required fronthaul bandwidth based on the figure presented in RAN3 taking the RAN1 analysis into account.

Proposal2: Capture the required fronthaul bandwidth analysis based on the proposed formula and value in Table2 and 3 in TR38.816.

The corresponding text proposal to TR38.816 based on [4] is provided in section6.
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5. Annex: Calculation in TR38.801 Annex A
Table A-1 Requirements on the underlying transport network due to a certain functional split, as a consequence to support a certain feature/use case
	Protocol Split option
 

	Required bandwidth 
	Max. allowed one way latency [ms] 
	Delay critical feature

	Comment

	Option 6
	[DL: 4133Mb/s]  

[UL:5640 Mb/s]
	[250us]
	
	[133Mbps for DL is assumed as scheduling/ control signalling.

2640Mbps for UL is assumed as UL-PHY response to schedule]

	Option 7a (7-2)
	[DL:10.1~22.2Gb/s]
[UL:16.6~21.6Gb/s]
	[250us]
	
	[713.9Mbps for DL and 120Mbps for UL is assumed as  MAC information]

	Option 7b (7-1)
	[DL:37.8~86.1Gb/s]
[UL:53.8~86.1 Gb/s] 
	[250us]
	
	[121Mbps for DL and 80Mbps for UL is assumed as  MAC information]


Table A-2 Assumptions for required bandwidth in Table A-1

	Items
	Assumption
	Applicability

	Channel Bandwidth
	[100MHz(DL/UL)]
	All options

	Modulation
	[256QAM(DL/UL)]
	

	Number of MIMO layer
	[8(DL/UL)]
	

	IQ bitwidth
	[2*(7~16)bit(DL),

2*(10~16)bit(UL)]
	Option 7a

Option 7b

Option 7c

	
	[2*16bit(DL/UL)]
	Option 8

	Number of  antenna  port
	[32(DL/UL)]
	Option 7b

Option 7c(UL)

Option 8


6. Text proposal

	5
Evaluation criteria and comparison of options
The required front haul bandwidth is identified as evaluation criteria for lower layer split options. The fronthaul bandwidth dependency would change between number of transmission layers and number of antenna ports. The example calculation on the required fronthaul bandwidth for the split options shown in subclause4.1 are shown in Annex. 
Annex 
Following TableA-2 and A-3 show the calculation on the required fronthaul bandwidth for each split point corresponding to the parameter sets in Table A-1.

TableA-1: Parameter sets for fronthaul bandwidth evaluation

Parameter set

Channel BW [MHz]
Modulation scheme

Num of MIMO layer
IQ bitwidth [bit]
Num of antenna port
[Ref] TR38.801

100 (DL/UL)
DL:256QAM UL:64QAM (NOTE)
DL:8
UL: 8

DL: 2*(7~16) 

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

#1

100 (DL/UL)
256QAM (DL/UL)
DL:8
UL: 4
DL: 2*(7~16) 

UL: 2*(10~16)
32 (DL/UL)
#2

8 (DL/UL)
#3

200 (DL/UL)
32 (DL/UL)
#4

8 (DL/UL)
#5

400 (DL/UL)
32 (DL/UL)
#6

8 (DL/UL)
NOTE: While the Table A-2 in TR38.801 captures “256QAM” for UL, the calculation in Table A-1 is based on 64QAM.
TableA-2: The required fronthaul bandwidth for split points and parameter sets in DL

DL

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
Ant ports

Required FH BW [Gbps]

[Ref] TR38.801
4.133
-
10.1~22.2
37.8~86.1
Parameter sets
#1
4.546
13.3 ~ 29.3
49.8 ~ 113.6
#2

4.546
13.3 ~ 29.3
12.47 ~ 28.4
#3

9.092
26.66 ~ 58.6
99.72 ~ 227.3
#4

9.092
26.66 ~ 58.6
24.94 ~ 56.82
#5
18.18
53.3 ~ 117.2
199.5 ~ 454.6
#6
18.18
53.3 ~ 117.2
49.89 ~ 113.6
Option6 and 7-3
For DL, Required FH BW [Gbps] for [Ref] TR 38.801 was calculated as follows:
- A1 = A0 * B1 * C1 * D1 + E1;

- Where:

- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- A0 = Peak data rate of LTE reference = 150Mbps;

- B1 = System BW scaling = (100MHz / 20MHz);

- C1 = MIMO layer scaling = (8 layer / 2 layer);

- D1 = QAM scaling = (8bits per symbol / 6 bits per symbol);

- E1 = Overhead = 133Mbps (accounts for scheduling/control signalling).

For DL, Required FH BW [Gbps] for Parameter sets are calculated as follows:

- A2 = A1 * B2 * C2 * D2 * E2 *F2;

- Where:

- A2 = Required FH BW [Gbps] for Parameter set {#1 - #6}
- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B2 = System BW scaling = ({100MHz, 200MHz, 400MHz} / 100MHz);

- C2 = MIMO layer scaling = (8 layer / 8 layer);

- D2 = QAM scaling = (8bits per symbol / 8 bits per symbol);
- E2 = Spectrum Usage scaling (NOTE1) = (99% / 90%);
- F2 = Margin for an upper bound estimation (NOTE2) = (120% / 100%); 
Option7-2 ( and 7-2a)
For DL, Required FH BW [Gbps] for [Ref] TR 38.801 was calculated as follows:
- A1 = B1 * C1 * D1 * E1* F1 + G1;

- Where:

- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B1 = Num of Sub-Carrier of LTE reference for 20MHz = 1200 SC/20MHz;

- C1 = System BW scaling = (100MHz / 20MHz);
- D1 = OFDM symbol rate = 14 symbol / ms
- E1 = MIMO layer = 8 layer;

- F1 = IQ bitwidth = {2*7 ~ 2*16}bits);

- G1 = Overhead = 713.9Mbps (accounts for scheduling/control signalling).

For DL, Required FH BW [Gbps] for Parameter sets are calculated as follows:

- A2 = A1 * B2 * C2 * D2 * E2 * F2;

- Where:

- A2 = Required FH BW [Gbps] for Parameter set {#1 - #6}
- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B2 = System BW scaling = ({100MHz, 200MHz, 400MHz} / 100MHz);

- C2 = MIMO layer scaling = (8 layer / 8 layer);

- D2 = IQ bitwidth scaling = ([2*7 ~ 2*16]bits / [2*7 ~ 2*16]bits);

- E2 = Spectrum Usage scaling (NOTE1) = (99% / 90%);

- F2 = Margin for an upper bound estimation (NOTE2) = (120% / 100%); 

Option7-1
For DL, Required FH BW [Gbps] for [Ref] TR 38.801 was calculated as follows:
- A1 = B1 * C1 * D1 * E1 * F1+ G1;

- Where:

- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B1 = Num of Sub-Carrier of LTE reference for 20MHz = 1200 SC/20MHz;
- C1 = System BW scaling = (100MHz / 20MHz);

- D1 = OFDM symbol rate = 14 symbol / ms

- E1 = Antenna port = 32 Ant;

- F1 = IQ bitwidth = {2*7 ~ 2*16}bits;

- G1 = Overhead = 121Mbps (accounts for scheduling/control signalling).

For DL, Required FH BW [Gbps] for Parameter sets are calculated as follows:

- A2 = A1 * B2 * C2 * D2 * E2 * F2;

- Where:

- A2 = Required FH BW [Gbps] for Parameter set {#1 - #6}
- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B2 = System BW scaling = ({100MHz, 200MHz, 400MHz} / 100MHz);

- C2 = Num of Ant port scaling = ({8Ant, 32Ant} / 32 Ant);

- D2 = IQ bitwidth = ({2*7 ~ 2*16}bits / {2*7 ~ 2*16}bits);

- E2 = Spectrum Usage scaling (NOTE1) = (99% / 90%);

- F2 = Margin for an upper bound estimation (NOTE2) = (120% / 100%); 

NOTE1: The maximum spectrum usage of LTE and NR are 90% and 99% respectively.
NOTE2: 20% of margin (due to e.g. additional traffic such as scheduling and beamforming command and extra overhead of the transport layer) is considered as an upper bound estimation while actual values will be expected to be smaller.
TableA-3: The required fronthaul bandwidth for split points and parameter sets in UL

UL

Option6

Option7

7-2

7-2a

7-1

Transferred data

Baseband bits

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

MIMO layers
Ant ports

Required FH BW [Gbps]

[Ref] TR38.801
5.64
13.6~21.6
53.8~86.1
Parameter sets
#1
4.93
8.976 ~ 14.25
71.0 ~ 113.6
#2

4.93
8.976 ~ 14.25
17.7 ~ 28.4
#3

9.92
17.95 ~ 28.51
142.0 ~ 227.3
#4

9.92
17.95 ~ 28.51
35.5 ~ 56.8
#5
19.85
35.9 ~ 57.0
284.0 ~ 454.6
#6
19.85
35.9 ~ 57.0
71.0 ~ 113.6
Option6
For UL, Required FH BW [Gbps] for [Ref] TR 38.801 was calculated as follows:

- A1 = A0 * B1 * C1 * D1 + E1;

- Where:

- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- A0 = Peak data rate of LTE reference = 50Mbps;

- B1 = System BW scaling = (100MHz / 20MHz);

- C1 = MIMO layer scaling = (8 layer / 1 layer);

- D1 = QAM scaling = (6bits per symbol / 4 bits per symbol);

- E1 = Overhead = 2640Mbps (accounts for control signalling).

For UL, Required FH BW [Gbps] for Parameter sets are calculated as follows:

- A2 = A1 * B2 * C2 * D2 * E2 *F2;

- Where:

- A2 = Required FH BW [Gbps] for Parameter set {#1 - #6}
- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B2 = System BW scaling = ({100MHz, 200MHz, 400MHz} / 100MHz);

- C2 = MIMO layer scaling = (4 layer / 8 layer);

- D2 = QAM scaling = (8bits per symbol / 6 bits per symbol);

- E2 = Spectrum Usage scaling (NOTE1) = (99% / 90%);

- F2 = Margin for an upper bound estimation (NOTE2) = (120% / 100%); 

Option7-2 ( and 7-2a)
For UL, Required FH BW [Gbps] for [Ref] TR 38.801 was calculated as follows:
- A1 = B1 * C1 * D1 * E1* F1 + G1;
- Where:

- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B1 = Num of Sub-Carrier of LTE reference for 20MHz = 1200 SC/20MHz;

- C1 = System BW scaling = (100MHz / 20MHz);

- D1 = OFDM symbol rate = 14 symbol / ms

- E1 = MIMO layer = 8 layer;

- F1 = IQ bitwidth = {2*10 ~ 2*16}bits;

- G1 = Overhead = 120Mbps (accounts for control signalling).

For UL, Required FH BW [Gbps] for Parameter sets are calculated as follows:

- A2 = A1 * B2 * C2 * D2 * E2 * F2;

- Where:

- A2 = Required FH BW [Gbps] for Parameter set {#1 - #6}
- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B2 = System BW scaling = ({100MHz, 200MHz, 400MHz} / 100MHz);

- C2 = MIMO layer scaling = (4 layer / 8 layer);

- D2 = IQ bitwidth = ({2*10 ~ 2*16}bits / {2*10 ~ 2*16}bits);

- E2 = Spectrum Usage scaling (NOTE1) = (99% / 90%);

- F2 = Margin for an upper bound estimation (NOTE2) = (120% / 100%); 

Option7-1
For UL, Required FH BW [Gbps] for [Ref] TR 38.801 was calculated as follows:
- A1 = B1 * C1 * D1 * E1 * F1+ G1;
- Where:

- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B1 = Num of Sub-Carrier of LTE reference for 20MHz = 1200 SC/20MHz;

- C1 = System BW scaling = (100MHz / 20MHz);

- D1 = OFDM symbol rate = 14 symbol / ms

- E1 = Antenna port = 32 Ant;

- F1 = IQ bitwidth = {2*10 ~ 16*2}bits;

- E1 = Overhead = 80Mbps (accounts for scheduling/control signalling).

For UL, Required FH BW [Gbps] for Parameter sets are calculated as follows:

- A2 = A1 * B2 * C2 * D2 * E2 * F2;

- Where:

- A2 = Required FH BW [Gbps] for Parameter set {#1 - #6}
- A1 = Required FH BW [Gbps] for [Ref] TR 38.801;

- B2 = System BW scaling = ({100MHz, 200MHz, 400MHz} / 100MHz);

- C2 = Num of Ant port scaling = ({8Ant, 32Ant} / 32 Ant);

- D2 = IQ bitwidth = ({2*10 ~ 2*16}bits / {2*10 ~ 2*16}bits);

- E2 = Spectrum Usage scaling (NOTE1) = (99% / 90%);

- F2 = Margin for an upper bound estimation (NOTE2) = (120% / 100%); 


� Description of the split option


� Driving feature / use-case requiring a certain split option 
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