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1 Introduction

RAN#71 in March approved a 5G SID [1]. As part of this SID, RAN3 will study the feasibility of different options of splitting the architecture into a “central unit” and a “distributed unit”. In this contribution we list different options for the fronthaul split and discuss the potential impact for RAN2. 
2 Discussion
The term “Fronthaul” is currently used to refer to the interface between Base Band Unit and Remote Resource Unit in existing C-RAN architecture. The major specification for fronthaul is CPRI (Common Public Radio Interface). The other specifications include OBSAI (Open Base Station Architecture Initiative) and ORI (Open Radio Interface).

The limitation on the fronthaul in C-RAN is that the bandwidth requirements and latency requirements are very high, especially considering the fact that the physical layer is located in the BBU and antennas are in the RRU. If the user data rate is high, after physical layer handling, the data amount transmitted on fronthaul is very big. The new radio technology has higher data rate and reducedlatency requirement, putting even more strict requirements to the fronthaul. 
In the study item for a new radio access technology, 3GPP is expected to look at the radio interface protocol architecture and related procedures. If we assume that the same radio protocol stack as in LTE will be used, then there could be the following options for function split between central and remote node as showed in Figure 1. Some first pros and cons for each option are summarized below in Table 1. 
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Figure 1: Fronthaul split options
	Options
	Pros
	Cons

	Option 1: PDPC-RLC split
· PDCP in central node
· RLC, MAC, PHY in remote node
	· Similar as the function split for DC
· Reducing latency requirement by HARQ process in remote node 


	· Signalling overhead in fronthaul
· Limitations on resource pool sharing

	Option 2: RLC-MAC split
· PDCP, RLC in central node
· MAC in remote node 
	· Reducing latency requirement by HARQ process in remote node 


	· Signalling overhead in fronthaul
· Limitations on resource pool sharing

· Additional function in MAC for segmentation and concatenation

	Option 3: MAC split
· PHY+ low MAC (HARQ) layers in remote node
· remaining MAC(High MAC), RLC, PDCP in central node
	· Reducing latency requirement by HARQ process in low MAC 

· Proper to software defined network (SDN) 
	· Increase of CAPEX/OPEX for RRH 

· Additional protocol is required according to the MAC architecture 
· Limitations on UL CoMP scheme (JR)

	Option 4: MAC-PHY split
· PHY in remote node
· MAC, RLC, PDCP in central node
	· Proper to large-scale centralized scheduling 

· Centralized MAC enables multiple cell coordination within 1ms latency 

· Proper to software defined network (SDN)

· Independency between PHY layer and centralization 

· 
	· Strict latency requirement for HARQ response 

· Increase of CAPEX/OPEX for RRH 

· Limitations on UL CoMP scheme (JR) 

· Additional protocol to share information on RRH configuration 

	Option 5: PHY split (bit-level/symbol-level split)
· Part of PHY layer in remote node
· Upper layers in central node
	· Low required fronthaul bandwidth (similar with MAC-PHY function split) 


	· Strict latency requirement for HARQ response

· Increase of CAPEX/OPEX for RRH 

· Limitations on UL CoMP scheme (JR) 

· Additional protocol to share information on RRH configuration

	Option 6: PHY split (symbol-level/sample-level function split)
· Part of PHYlayer is moved to remote node
· Upper layers in central node 
	· Proper to support all DL/UL CoMP schemes 

· 
	· Strict latency requirement for HARQ response

· Additional protocol to share information on RRH configuration

· Fronthaul bandwidth is linearly increased by the number of antenna ports


	Option 7: PHY split (baseband/RF function split)
· Remote node has RF functionality only
· Upper layers in the central node

	· Legacy solution with current C-RAN infra 

· Proper to support all DL/UL CoMP schemes

· Ease of O&M 

· Proper to adopt new technologies 


	· Strict latency requirement for HARQ response

· Traffic-independent fronthaul bandwidth 

· Required fronthaul bandwidth can be affected by new RAT e.g. mmWave 

· Fronthaul bandwidth is linearly increased by the number of antenna ports


Table 1: Comparison for fronthaul split options
According the requirement from TR 38.913[2], the design of the RAN architecture shall allow a flexible split of RAN functions. Each option has pros and cons and can be applied in different scenarios. However, it is also important to note that regardless of which option is selected, the fronthaul interface can become quite complex with a large number of control parameters and values exchanged between central and remote node, such as information related to the UE context, its state, activation of certain features and their configuration etc. When additional exchange of parameters is needed, then it can result in quite complex interfaces, operation of which at the end become almost vendor specific. Referring as an example to current TS 25.423 and TS 25.433 specifications, one can see that the Iub and Iur interfaces are quite complex with a number of parameters and values exchanged between RNC and NodeB, which at the end make Iub/Iur not really open. 
Therefore, on the one hand we think that standard should not unnecessarily restrict options for function split in fronthaul catering for different deployment cases. On the other hand, we should carefully assess gain vs. pain ratio if we decide to specify a fronthaul interface in detail. The main aspects should be the potential impacts to Uu, i.e. enabling the operator to configure Uu in a way that allows the functional split operator wants to use.  
Proposal 1: 
The standard should not unnecessarily restrict the options for function split in fronthaul. It is an implementation matter which option is used in fronthaul.
Proposal 2:
3GPP does not have to specify a stage-3 specification for the fronthaul interface. What is important is to analyse the impact of different options on the radio interface, and take these radio interface impacts into account in the stage-3 specifications for the 5G-Uu.
3 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
The standard should not unnecessarily restrict the options for function split in fronthaul. It is an implementation matter which option is used in fronthaul.
Proposal 2:
3GPP does not have to specify a stage-3 specification for the fronthaul interface. What is important is to analyse the impact of different options on the radio interface, and take these radio interface impacts into account in the stage-3 specifications for the 5G-Uu.
4 References
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology
[2] 38.913 Study on Scenarios and Requirements for Next Generation Access Technologies
_1520851320.vsd
PDCP


RLC


MAC


FEC


QAM+antenna mappting


Resource mapping


IFFT+CP in


P/S


BB to RF


RPRI encoding


PDCP


RLC


MAC


FEC’


QAM+antenna mappting


Resource demapping


CP out +IFFT


S/P


BB to RF


RPRI decoding


Option 4


Option 3


Option 5


Option 6


CPRI


Option 2


Option 1



