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1. Introduction
In RAN3#95, RAN3 discussed the CU-DU lower layer split options and concluded the following on the study item:

	11.1.5
Conclusions on functional split between central and distributed unit 
[…]
Lower Layer Split

The study on lower layer split RAN architectures is not completed and postponed.

Further study is required to assess on low layer splits, their feasibility, the selection of options and assess the relative technical benefits, based on NR, before a decision to go to specification phase can be made. Discussions in the Study Item, favored option 6 and 7 for future study.


In RANP#95, a New SID on CU-DU lower layer split for New Radio [2] was approved. The following are objectives: 
	4.1
Objective of SI or Core part WI or Testing part WI

[…]
The study is to be carried out as follows:

1. Continue to further study on CU-DU lower layer split architecture [starting from June 2017 RAN3 NR Adhoc meeting]
2. The study should attempt to:
a) Identify functionalities and their distribution between CU and DU based on NR.
b) Develop the evaluation criteria and compare among potential options potentially to down select the CU-DU lower layer split options to consider for further study, where the down selection should target to select  option(s) from Option 6, Option 7 families (as captured in TR 38.801 [3]) for the downlink and the uplink (different Options may be selected for downlink and uplink).
c) Conclude on the feasibility of defining a standard interface for CU-DU lower layer split.


This contribution provides new calculation of frounthaul bandwidth requirements for CU-DU lower layer split option 6 and 7 (7-1 and 7-2), and discusses the down selection of option 6 and 7 (7-1 and 7-2) for CU-DU lower layer split.
2. Discussion

In this section we provide new calculations of FH BW requirements for CU-DU lower layer split using option 6 and option 7 (7-1 (DL/UL), 7-2 (DL/UL)). These calculations are based on the same FH BW calculation formulas in [4] and [5], but we replace the assumptions on NR parameters (shown in Table A-2, Annex A, TR 38.801 [3]) with RAN1 agreed NR parameters, captured in [6]-[8]. For example, in relation to NR frame structure, RAN1 agreed the following:
· Maximum channel bandwidth per NR carrier is 400MHz in Rel-15. 
· At least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15.
· A subframe duration is fixed to 1ms and frame length is 10ms. 
Table 1 shows an updated version of Table A-2 (Annex A in TR 38.801) [3] that includes RAN1 agreed NR PHY parameters, marked in “red”. For example, the maximum channel bandwidth for NR is 400MHz (DL/UL) [6]. 

Table 1: modified version of Table A-2 in TR 38.801 [3] that includes NR PHY parameters captured in [6]-[8].
	Items
	NR parameters
	Applicability

	Channel Bandwidth
	[400MHz(DL/UL)] [6]
	All options

	Modulation
	[256QAM(DL/UL)] [8]
	

	Number of MIMO layer
	[8DL/4UL] [6]
	

	IQ bitwidth
	[2*(7~16)bit(DL)]
[2*(10~16)bit(UL)]
	Option 7a

Option 7b

Option 7c

	Number of antenna ports
	32DL[7]/32 UL 

	Option 7b

Option 7c(UL)


In Table 2 we provide new calculations of FH BW requirements (DL and UL) for CU-DU LLS Option 6 and Option 7 (7-1 and 7-2), by re-using FH BW calculation formulas in [4] and [5] with RAN1 agreed NR parameters in Table 1. 

For example, for Option 6 (DL), the FH BW is calculated by scaling the sum of LTE peak rate (150Mb/s) and signaling overhead (5Mb/s, refer to TR 38.801) with the ratio of channel bandwidth (400/20), number of layers (8/2), and modulation scheme (8/6) for NR and LTE parameters. Then the required FH BW=155*(400/20)*(8/2)*(8/6) =16.5Gb/s.

For Option 7a (UL) (i.e. Option 7-2 (UL)), the FH BW is calculated by scaling the required FH BW for Option 7a (UL), (i.e. 13.6 Gb/s, given in Table A-1 [3]), by the ratio of number of subcarriers (6600*4)/(1200*5) and number of layers (4/8) for NR parameters in Table 1 and Table A-2 [3]. I.e., FH BW=13.6Gb/s*((6600*4)/(1200*5))*(4/8) = 29.9Gb/s.
Note that the FH BW value 13.6 Gb/s (in Table A-1 [3]) is calculated using the formula provided in [4] and [5] (i.e. Nsc*Nsymb*Nlayer*Nsample*2*1000 + MAC info; where the terms Nsc, Nsymb, Nlayer, Nsample are the number of subcarriers, number of symbols per subframe, number of layers, and IQ bitwidth, respectively). 
Table 2: Calculations of FH BW requirements for Opt. 6 and Opt. 7 (7-1 and 7-2) using NR parameters in Table 1.

	CU-DU LLS option 
	FH BW requirements
	Assumptions

(parameters marked in red are RAN1 agreed NR PHY parameters)
	FH BW calculation

(same methods in TR 38.801)

	Option 6 
	DL:16.5Gb/s 
	-400MHz
-256QAM
-8 layers
-LTE peak rate: 150Mb/s 
-20MHz, 64QAM, 2layer, and 
-5Mbps for schedule/control signalling to DL-PHY (refer to TR 38.801)

	(150M+5M)*(400/20)*(8/2)*(8/6) = 16.5Gb/s


	
	UL:15.8Gb/s                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
	-400MHz

-256QAM

-4 layers
-LTE peak rate: 50Mb/s

-20MHz, 16QAM, 1 layer, and
-44Mbps for UL-PHY response to schedule (refer to TR 38.801)
	(50M+44M)*(400/20)*(4/1)*(8/4)= 15.8Gb/s


	Option 7a (DL)
[Option 7-2 (DL)]
	[44.4~97.7Gb/s]


	-400MHz
-256QAM
-8 layers
- IQ bitwidth: 2*7bit – 2*16bit

-LTE peak rate: 150Mb/s

-20MHz, 64QAM, 2layer
	2*7bit:

10.1Gb/s*((6600*4)/(1200*5))= 44.4Gb/s

2*16bit:

22.2Gb/s*((6600*4)/(1200*5))= 97.7Gb/s

	Option 7a (UL)
[Option 7-2 (UL)]
	[29.9~47.5Gb/s]


	-400MHz
-256QAM
-4 layers
-IQ bitwidth: 2*10bit-2*16bit

-LTE peak rate: 50Mb/s

-20MHz, 16QAM, 1 layer
	2*10bit: 13.6Gb/s*((6600*4)/(1200*5))*(4/8) = 29.9Gb/s
2*16bit:

21.6Gb/s*((6600*4)/(1200*5)) *(4/8) = 47.5Gb/s

	Option 7b (DL)
[Option 7-1 (DL)]

	[166.3~378.8Gb/s]

	-400MHz
-256QAM
- IQ bitwidth: 2*7bit-2*16bit
- # of ports: 32
-LTE peak rate: 150Mb/s

-20MHz, 64QAM, 2layer
	2*7bit:

37.8Gbps*((6600*4)/(1200*5)) = 166.3Gbps
2*16bit:

86.1Gbps*((6600*4)/(1200*5)) = 378.8Gbps

	Option 7b (UL)
[Option 7-1 (UL)]

	[236.7~378.8Gb/s]

	-400MHz
-256QAM
-IQ bitwidth: 2*10bit-2*16bit

- # of ports: 32

-LTE peak rate: 50Mb/s

-20MHz, 16QAM, 1 layer
	2*10bit: 

53.8Gb/s*((6600*4)/(1200*5)) = 236.7Gb/s
2*16bit: 

86.1Gb/s*((6600*4)/(1200*5)) = 378.8Gb/s

	Option 7c (DL)

[Option 7-2 (DL)]
	[44.4~97.7Gb/s]
	Same as 7a
	Same as 7a

	Option 7c (UL)

[Option 7-1 (UL)]
	[236.7~378.8Gb/s]

	Same as 7b
	Same as 7b


In Table 2, the FH BW requirements (for DL/UL) is expected to increase from option 6 to option 7-2 and option 7-1. For example, compared to option 6 (DL), the required FH BW will increase by approximately 2.6 to 6 times for option 7-2 and 10 to 23 times for option 7-1. The high increase in FH BW requirement for option 7-1 is due to the proportional increase in FH BW with the number of antenna ports (32 ports). This is compared to the proportional increase in FH BW with the number of layers (8 layers/DL) for option 7-2. Nonetheless, this high FH BW requirements for option 7-1 could be reduced by using lower NR parameters values. For example, assuming the number of antenna ports is equal to 8, then the expected increase in FH BW requirements from option 6 to option 7-1 is approximately 2.6 to 6 times (i.e.  similar to the increase in FH BW requirements from option 6 to option 7-2).
To this end, the down selection of option 6 or option 7 for CU-DU LLS could be influenced by the deployment scenario, i.e. the transport network characteristics and deployment cost, and/or potential use case (e.g. eMBB, URLLC).  
Observation 1: RAN3 to consider frounthaul bandwidth requirements and potential deployment scenarios (i.e. transport network characteristic and cost) in down selection of Opt. 6 and Opt. 7 for CU-DU lower layer split.

Alternatively, if the transport network is able to support transport requirements for both option 6 and 7, then other factors could influence down selection of option 6 and 7 for CU-DU LLS. For example, compared to option 6, option 7 enables joint transmission and joint reception (JT/JR), and provides future proofness and lower DU complexity. 
Observation 2: RAN3 should consider factors such as joint processing (JT/JR) and future proofness in the down selection of Opt. 6 and Opt. 7 for CU-DU lower layer split.
Proposal 1: RAN3 should consider transport network requirements and deployment scenarios and factors such as joint processing and future proofness in down selection of Opt. 6 and Opt. 7 for CU-DU lower layer split.
Proposal 2: RAN3 is asked to include the new FH BW calculations for Opt. 6 and Opt. 7 (7-1 and 7-2) in Table 2 in the new TR.

3. Conclusion

In this contribution we provide new calculations of FH BW requirements for CU-DU lower layer split option 6 and 7 (7-1 and 7-2). These calculations are based on the same FH BW formulas in [4] and [5], but we replace NR parameters assumptions in Table A-2 [3] with RAN1 agreed NR parameters [6]-[8]. The following are observations and proposals:
Observation 1: RAN3 to consider frounthaul bandwidth requirements and potential deployment scenarios (i.e. transport network characteristic and cost) in down selection of Opt. 6 and Opt. 7 for CU-DU lower layer split.

Observation 2: RAN3 should consider factors such as joint processing (JT/JR) and future proofness in the down selection of Opt. 6 and Opt. 7 for CU-DU lower layer split.
Proposal 1: RAN3 should consider transport network requirements and deployment scenarios and factors such as joint processing and future proofness in down selection of Opt. 6 and Opt. 7 for CU-DU lower layer split.

Proposal 2: RAN3 is asked to include the new FH BW calculations for Opt. 6 and Opt. 7 (7-1 and 7-2) in Table 2 in the new TR.
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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: 3000 Mb/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:16.6~21.6Gb/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:53.8~86.1Gb/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 [14] (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


� Description of the split option


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