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1. Introduction
In RAN3#93, the text proposal for bandwidth and latency for split options [1] was agreed. The bandwidth was calculated in [2]. However, we found some errors, misalignments of condition between split options and points need to be revised considering the explanation in [2]. 
In this paper, we propose the modification of [2] and provide a TP for refinement of FH BW values and capturing the assumptions. 
2. Discussion
 Table 1 shows the some errors, misalignments and points need to be revised in [2]. The comments and proposals for modification are shown in the right-most row.
Table 1 Errors on the calculation and misalignments in [2].
	Protocol Split option
	FH BW in [2]
	Assumption in [2]

(Assumptions related with comments are shown in red letters.)
	Calculation in [2]
	Comments and proposal for modification
(Modified points are shown in red letters.)

	Option 1
(RRC-PDCP)
	DL: 4Gb/s
	-100MHz

-256QAM

-8 layer

-LTE peak late :150Mbps

(20MHz, 64QAM, 2layer)
	150M*(100/20)*(8/6)*(8/2)
	

	
	UL: 3Gb/s                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
	-100MHz

-64QAM

-8layer

-LTE peak late :50Mbps

(20MHz, 16QAM, 1 layer)
	50M*(100/20)*(6/4)*(8/1)
	

	Option 2 (PDCP-RLC)
	DL: 4016Mb/s 
	-Same as option 1

-10 percents of UEs receive DL data/ signalling and one bearers for each UE
- Average content size is 20Bytes
-Nue is 1M

(Not clearly mentioned but calculated from numbers in [2])
	Data (same as Option1=4Gbps) + signalling (Nue*persents*size*8 = 16Mbps)
	

	
	UL:3024 Mb/s  
	-Same as option 1

-10 percents of UEs report UL requests
-the average content size is 30Bytes.
-Nue is 1M

(Not clearly mentioned but calculated from numbers in [2])
	Data (same as Option1=3Gbps) + signalling (Nue*persents*size*8 = 24Mbps)
	

	Option 3 (Intra-RLC)
	lower than option 2 for UL/DL
	
	Lower than Opt.2
	

	Option 4 (RLC-MAC)
	DL:5226.7Mb/s  
	-100MHz

-256QAM

-8 layer

-LTE peak late :196Mbps
(20MHz, 256QAM, 2layer)
	196M*(100/20)*(8/2) *(8/6)
=196M*5*4*4/3
	- LTE peak late assumption is different from option 1.

Thus it should be as follows.

150M*(100/20)*(8/2) *(8/6)
=4000Mbps

	
	UL:4500Mb/s
	-100MHz

-64QAM

-8layer

-LTE peak late :75Mbps
(20MHz, 64QAM, 1 layer)
	75M*(100/20)*(8/1) *(6/4)
=75M*5*8*3/2
	- LTE peak late assumption is different from option 1.

Thus it should be as follows.

50M*(100/20)*(8/1) *(6/4)
=3000Mbps

	Option 5 (Intra-MAC)
	DL: 5626.7Mb/s  
	See option 6
	See option 6
	See option 6

	
	UL: 7140 Mb/s
	
	
	

	Option 6 (MAC-PHY)
	DL: 5626.7Mb/s 
	-100MHz

-256QAM

-8 layer

-LTE peak late :196Mbps
(20MHz, 256QAM, 2layer , 5Mbps schedule/control signalling to DL-PHY (Not clearly mentioned but calculated from numbers in [2]))
	(196M+5M)*(100/20)*(8/2) *(8/6)
=211M *5*4*4/3
	- LTE peak late assumption is different from option 1.

Thus it should be as follows.

(150M+5M) *(100/20)*(8/2) *(8/6)
=4133Mbps

	
	UL:7140 Mb/s                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
	-100MHz

-64QAM

-8layer

(Not clearly mentioned but calculated from numbers in [2])
-LTE peak late :75Mbps
(20MHz, 64QAM, 1 layer, 44Mbps UL-PHY response to schedule(Not clearly mentioned but calculated from numbers in [2]))
	(75M+44M)*(100/20)* (8/1) *(6/4)
=119M*5*8*3/2
	- LTE peak late assumption is different from option 1.

Thus it should be as follows.

(50M+44M)*(100/20)*(8/1) *(6/4)
=5640Mbps

	Option 7
(Intra-PHY)
	a
	DL:9.8Gb/s 
	-100MHz

-256QAM

(Not mentioned in [2] but necessary to consider bitwidth.)

-8 layer

-MAC informantion 713.9Mbps

- IQ bitwidth:2*7bit

-LTE peak late :150Mbps

(20MHz, 64QAM, 2layer)

(Not mentioned in [2] but necessary to consider IQ bitwidth.)
	Nsc*Nsymb*Nlayer*Nsample*2*1000 + MAC info. 

= (1200*5)*14*8*7*2*1000 + 713.9M
	-More IQ bitwidth may be necessary as 2*7bit is based on 64QAM. Thus we propose IQ bitwidth from 2*7bit to 2*16bit as follows.

2*7bit: (1200*5)*14*8*7*2*1000 + 713.9M=10.1Gb/s
2*16bit: (1200*5)*14*8*16*2*1000 + 713.9M=22.2Gb/s

	
	
	UL:15.2Gb/s
	-100MHz

-64QAM

-8layer

-MAC informantion 120Mbps

-IQ bitwidth:2*10bit

-LTE peak late :50Mbps

(20MHz, 16QAM, 1 layer)

(Not mentioned in [2] but necessary to consider IQ bitwidth.)
	Nsc*Nsymb*Nlayer*Nsample*2*1000 + MAC info. 

= (1200*5)*14*8*10*2*1000 + 120M
	-More sample bitwidth may be necessary as 10bit is based on 16QAM and 1 layer. Thus we propose IQ bitwidth from 2*10bit to 2*16bit as follows.

2*10bit: (1200*5)*14*8*10*2*1000 + 120M =13.6Gb/s

2*16bit: (1200*5)*14*8*16*2*1000 + 120M =21.6Gb/s

	
	b
	DL:9.2Gb/s
	-100MHz

-256QAM

-MAC informantion 121Mbps

- IQ bitwidth 2*7bit
- # of ports: 8
-LTE peak late :150Mbps

(20MHz, 64QAM, 2layer)

(Not mentioned in [2] but necessary to consider IQ bitwidth.)
	Nsc*Nsymb*Nport*Nsample*2*1000+ MAC info.

= (1200*5)*14*8*7*2*1000 + 121M
	- Comparing with UL, it is odd to have different # of ports as basically number of IFFT and number of FFT are same considering current BS product.

 -More IQ bitwidth may be necessary as 2*7bit is based on 64QAM and 2 layer MIMO. Thus we propose bitwidth from 2*7bit to 2*16bit as follows.

2*7bit:(1200*5)*14*32*7*2*1000 + 121M 

=37.8Gbps
2*16bit: (1200*5)*14*32*16*2*1000 + 121M 

=86.1Gbps

	
	
	UL:60.4 Gb/s
	-100MHz

-64QAM

-MAC informantion 80Mbps

-IQ bitwidth:2*10bit

-# of ports: 32

-LTE peak late :50Mbps

(20MHz, 16QAM, 1 layer)

(Not mentioned in [2] but necessary to consider IQ bitwidth.)
	Nsc*Nsymb*Nport*Nsample*2*1000+ MAC info.

= (1200*5)*14*32*10*2*1000 + 80M
	-More IQ bitwidth may be necessary as 10bit is based on 16QAM and 1 layer. Thus we propose IQ  bitwidth from 2*10bit to 2*16bit as follows.

2*10bit: (1200*5)*14*32*10*2*1000 + 80M =53.8Gb/s

2*16bit: (1200*5)*14*32*16*2*1000 + 80M =86.1Gb/s

	
	c
	DL:9.8Gb/s
	Same as 7a
	Same as 7a
	Same as 7a

	
	
	UL:60.4Gb/s
	Same as 7b
	Same as 7b
	Same as 7b

	8) PHY-RF
	DL:157.3Gb/s.
	-100MHz

- IQ bitwidth 2*16bit
-32 antenna digital ports
	Rate*Width*port*5
= 30.72*32*32*5
	

	
	UL: 157.3Gb/s
	-100MHz

- IQ bitwidth 2*16bit

-32 antenna digital ports
	Rate*Width*port*5
= 30.72*32*32*5
	


3. Conclusion

In this paper, we propose the modification of [2] and provide a TP for refinement of FH BW values and capturing the assumptions. 
Proposal: following TP for [3] should be captured.
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Annex A:
Transport network and RAN internal functional split

When considering functional split options, the following transport performance requirements may be expected. The values given in the table are informative and for reference. The following transport characteristics deemed to be relevant:

1)
Transport latency

2)
Transport bandwidth

Those transport characteristics are contributing finally to deployment costs.

On the other hand, certain features and/or use cases like Ultra Reliable and Low Latency communication (URLLC) may require a certain split to support the features and/or use cases.

The following Table A-1 is proposed to be maintained during the SI while the knowledge about the protocol stack for NR and the related requirements on the transport are evolving.

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 1
	[DL: 4Gb/s]
[UL: 3Gb/s]
	[10ms]
	
	

	Option 2
	[DL: 4016Mb/s]
[UL:3024 Mb/s]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
	[1.5~10ms]
	
	[16Mbps for DL and 24Mbps for UL is assumed as signalling]

	Option 3
	[lower than option 2 for UL/DL]
	[1.5~10ms]
	
	

	Option 4
	[DL:4000Mb/s]
[UL:3000Mb/s]
	[approximate 100us]
	
	

	Option 5
	[DL: 4000Mb/s]
[UL: 3000Mb/s]
	[hundreds of microseconds]
	
	

	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
	[DL:10.1~22.2Gb/s]
[UL:13.6~21.6Gb/s]
	[250us]
	
	[713.9Mbps for DL and 120Mbps for UL is assumed as  MAC information]

	Option 7b
	[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]

	Option 7c
	[DL: 10.1~22.2Gb/s]
[UL: 53.8~86.1 Gb/s]
	[250us]
	
	

	Option 8
	[DL:157.3Gb/s]
[UL: 157.3Gb/s]
	[250us]
	
	


Note: The values are examples provided by LTE reference, as provided in [11] and [X](modification of required bandwidth in [11]), and are to be replaced by NR values when available. The assumptions for required bandwidth are in Table A-2.
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


-----------------------------------------------Unchanged sections are omitted-----------------------------------------------------------

� Description of the split option


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