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1. Introduction
As described in [1], normative stage-2/3 specification of one higher layer split between central and distributed unit has been approved to be covered. 

4.1
Objective of SI or Core part WI or Testing part WI
-
Radio Access Network architecture, interface protocols and procedures for functional split between central and distributed units, covering:

-
Normative stage-2/3 specification of one higher layer split (appropriate selection from option 2 and option 3-1 shall be determined in April 2017 meeting of RAN3).
In RAN3 #95b, there are agreements on down selection of higher layer split in [2]. 
1
Introduction

During RAN3-95bis an agreement has been reached with respect to the selection of a high layer split option.

It is therefore useful to frame a way forward that allows RAN3 to structure future work in a focussed way.

The way forward proposed is the following:

RAN3 has decided to select Option 2 (based on centralised PDCP/RRC and decentralised RLC/MAC/PHY) for normative work in Release 15. RAN3 will further work on possible solutions to address centralized retransmission of lost RLC PDUs will be explored immediately during the normative phase of Release 15.  

Proposal: it is proposed to agree to the way forward above

On the other hands, SI on CU-DU lower layer split was approved in RAN #75 [3], [4]. 

4.1
Objective of SI or Core part WI or Testing part WI

The objective of this Study Item is to continue and complete the study for the CU-DU lower layer split. The study should be continued from that which was conducted within the NR Access Technology Study Item, as of the status captured in TR 38.801 [3]. Study should be mainly conducted in RAN3 based on the physical layer design for NR, with required RAN1 consultation and other WGs if needed (e.g. on a basis of liaison exchange).6
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 describes key considerations on functional split from the viewpoint of practical 5G deployment, which was also presented in the 5G RFI (Request For Information) that SK Telecom has recently released for its ecosystem partners.
2. Comparison between LTE and 5G NR 
For LTE commercialization, several operators, representatively SK Telecom have adopted C-RAN (Cloud RAN) architecture, where macros DUs (Digital Units) are separated from RUs (Remote Units), and moved to centralized locations while RUs are deployed at remote cell sites and connected to antenna through feeder lines. 
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Figure 1: Site description of function split over LTE between DU and RU

On the other hands, 3GPP RAN3 WG has completed to study different functional splits between CU (central unit) and DU (Distributed Unit) in [6]. Option 8 of NR functional split option candidates is equivalent to one in LTE CPRI [6].
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Figure 2: Function Split between central and distributed unit
Current LTE fronthaul solutions such as CPRI and OBSAI lead to limitation in flexible RAN function split and deployment since they only define RF/PHY interface. Moreover, as many RAN3 contributions have previously discussed, for NR with wider bandwidth and more antennas, it is very challenging to use them in existing fronthaul fiber infrastructure because of their capacity and latency requirements. Examples of CPRI fronthaul capacity requirements for different channel bandwidth and MIMO orders are shown below [7].

	Channel Bandwidth(MHz)
	Sampling freq. (MHz)
	Required CPRI capacity (Gbps) for number of antennas

	
	
	1
	2
	4
	8
	16
	32
	64

	20
	30.72
	1.229
	2.458
	4.915
	9.830
	16.22
	32.44
	64.88

	40
	61.44
	2.458
	4.915
	9.830
	16.22
	32.44
	64.88
	129.8

	80
	122.88
	4.915
	9.830
	16.22
	32.44
	64.88
	129.8
	259.5

	100
	153.6
	6.144
	10.138
	20.28
	40.55
	81.10
	162.2
	324.4


Because higher layer split option gives operators higher degree of freedom to re-use existing fronthaul fiber infrastructure for F1 interface between DU and CU, it is expected for them to allow minimizing additional cost for fiber infrastructure investment. 
Observation 1:
 Higher layer split option such as option 2 would be preferred to the operators who already have C-RAN architecture in LTE and try to keep such fronthaul fiber infrastructure even for NR while minimizing additional fiber investment 
[image: image3.png]56 DU
(Distributed Unit)

5G CU
(Central Unit)




Figure 3: Example of site description of higher layer function split between DU and RU

Expected drawback on higher layer split is increased cost of gNB-DU which is supposed to have additional functionality such as RLC, MAC and PHY layers in comparison with eNB-RU. This is why cost-effective and high level integration of RAN protocol layer is essential for higher layer split. Nevertheless, from architectural perspective, it is obvious that lower layer split allows much simpler gNB-DU than higher layer, therefore one can easily guess lower layer splits promises low-cost and simple gNB-DU which would be major deployment cost for 5G-RAN. Also, it should definitely be noted here that lower layer option promises better cell coordination (with the help of CoMP) and baseband pooling gain.
 Observation 2:
 Lower layer split is expected to promise simpler and cheaper gNB-DU than higher layer split.
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Figure 4: Example of site description of lower layer function split between DU and RU

Based on observations above, we strongly suggest following:
Proposal 1:
 Normative stage-2/3 specification of both higher layer split and lower layer split options shall be standardized with open interface in 3GPP.

Proposal 2:
Normative work of lower layer split options shall be considered with high priority in Release 15 or early Release 16 so that gNB-DU can be designed in simple & low cost manner, which encourages operators to consider large scale 5G deployment.
3. Further consideration on hybrid architecture
To get benefits from both higher layer split and lower layer split options as described in previous chapter, a hybrid architecture is being considered especially for macro/multi-cell and in-building deployment cases deployment. This is where baseband pooling gain and coordination between adjacent cells are one of the key factors to improve network performances. 
Observation 3:
Baseband pooling gain and coordination between adjacent cells are one of the important factors in large scale 5G RAN deployment.
One of hybrid architectures we consider is described in Figure 5. gNB-DU and gNB-CU utilize higher layer split option to alleviate fronthaul bandwidth and latency(distance) requirement. In addition, gNB-DU can be separated into two different entities by lower layer split option, in order to get higher pooling and coordination gain among cells in site.
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Figure 5: Example of site description of hybrid architecture 
Proposal 3:  Different types of 5G RAN deployment including a hybrid architecture with both higher layer and lower layer split should be discussed in 3GPP. .
4. Summary and Proposal
In this paper, the followings are observed and proposed as follows. 
Observation 1:
 Higher layer split option such as option 2 would be preferred to the operators who already have C-RAN architecture in LTE and try to keep such fronthaul fiber infrastructure even for NR while minimizing additional fiber investment 
Observation 2:
 Lower layer split is expected to promise simpler and cheaper gNB-DU than higher layer split.

Observation 3:
Baseband pooling gain and coordination between adjacent cells are one of the important factors in large scale 5G RAN deployment.
Proposal 1:
 Normative stage-2/3 specification of both higher layer split and lower layer split options shall be standardized with open interface in 3GPP.
Proposal 2:
Normative work of lower layer split options shall be considered with high priority in Release 15 or early Release 16 so that gNB-DU can be designed in simple & low cost manner, which encourages operators to consider large scale 5G deployment.
Proposal 3: Further considerations on hybrid architecture including both higher layer and lower layer split should be discussed tom come up with operator’s transport network and legacy LTE deployment as well
.
Reference

[1] RP-170855, “Work Item on New Radio (NR) Access Technology,” NTT DOCOMO, INC.
[2] R3-171285, “Way Forward on High Layer Split Option Selection,” Ericsson.
[3] RP-170818, “New SID on CU-DU lower layer split for New Radio,” NTT DOCOMO, SK Telecom, et al.

[4] Chairman’s note, “Draft meeting report in RAN#75,” TSG RAN Chairman.
[5] Business Korea, 5, Apr. 2017< http://www.businesskorea.co.kr/english/news/ict/17734-making-rfi-public-sk-telecom-releases-document-reporting-current-condition-5g>
[6] RP-170490, “Study on New Radio Access Technology; Radio Access Architecture and Interfaces,” TR38.801 v2.0.0.
[7] RPa-160049, “C-RAN with flexible function splits,” SK Telecom
1
1

_1398490358.vsd
PDCP


Low-
RLC


High-MAC


Low-MAC


High-PHY


Low-PHY


PDCP


Low-
RLC


High-MAC


Low-MAC


High-PHY


Low-PHY


Option 5


Option 4


Option 6


Option 7


Option 2


Option 1


RRC


RRC


RF


RF


Option 8


Data


Data


High-RLC


High-RLC


Option 3



