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1	Introduction
The RAN requirements ad-hoc meeting on 5G access outlined an architecture-related tasks (referred to as “[5G-AH-06] Fronthauling” by the RAN Chairman) to be discussed and further clarified over email until TSG#71:
(1) Fronthauling – this includes the functional split of the RAN internal nodes, and in particular the split between a central unit and a remote unit in the transmission point
The goal of this email discussion is to produce clear objective(s) for the Technology SID for the work in this area. The discussion should help clarify terminology, briefly describe the concepts and how they may impact RAN work
The email discussion is conducted in two phases:
- 1st phase 1-19th February to solicit and collect initial company input;
- 2nd phase 22-26th February to consolidate the contents of the summary document (this document).

This document provides a list of the received proposals in Section 2 and 3 and a proposed way forward in Section 4.

2	Definition and description of fronthauling
Proposal 1 [Telecom Italia] 
Fronthauling – it indicates the transport capabilities and interfaces between internal RAN nodes, currently not specified by 3GPP
The basic example of fronthauling is the functional split and consequent transport functionality between a central unit, which implements some of the base band procedures in a transmission point, and a remote unit, which implements the RF part and to be defined some of the base band procedures of the transmission point. 
In RPa160056, several operators indicated the following objectives to be specified when defining the architecture for the new RAT 
· The split of RAN functions should be designed to cater for different fronthaul profiles (e.g. latency, jitter) and taking into account fronthauling costs
The following figure shows possible splits of the fronthauling interface.
[image: ]
Figure 1 - Examples of functional split options
Proposal 2 [CMCC] 
Fronthauling – it indicates the transport capabilities and interfaces between internal RAN nodes, currently not specified by 3GPP
The basic example of fronthauling is the connetion and consequent transport functionality between a central unit and a remote unit. A central unit includes full/partial baseband functions and higher layer control functions. It handles multiple cells and serves as a function pool. A remote unit may include the functions of traditional remote radio units and possibly partial baseband functions.
In RPa160056, several operators indicated the following objectives to be specified when defining the architecture for the new RAT 
· The split of RAN functions should be designed to cater for different fronthaul profiles (e.g. latency, jitter) and taking into account fronthauling costs
The following figure shows candidate fronthauling options dependent on the function splits between a central unit and remote unit, as well as possible implementation/deployment of multiple fronthauling in one network. . 


Figure 1 - Examples of functional split options
Comments on proposal 2
ZTE: revise the text as follows, to add the conncetions between multiple remote radio units in the definition
The basic example of fronthauling is the connetion and consequent transport functionality between a central unit and a remote unit.  Another possible example is the connection between multiple remote units. A central unit includes full/partial baseband functions and higher layer control functions. It handles multiple cells and serves as a function pool. A remote unit may include the functions of traditional remote radio units and possibly partial baseband functions.
3	Proposed text for Technology Study Item
//To be filled in based on the email discussion
Proposal 1 [Telecom Italia] 
Objectives to be included in the technology Study Item:
-	Evaluate the different options of functional splitting among a “central unit” and a “remote radio head” (see Fig. 1), by taking into account different fronthaul profiles (e.g. throughput, latency, jitter), costs and capability to provide future proofness [RAN3]
[editor note – the reference to the figure needs to be removed in the SID proposal. Here it was indicated to make easier the discussion]
-	Evaluate the possibility to define a flexible splitting between a “central unit” and a “remote radio head” [RAN3]
-	Study a fronthauling interface between a “central unit” and a “remote radio head”, identifying which protocols are part of the “central unit” and which are part of the “remote radio head” [RAN3]
· Fronthauling solutions shall be future proof, reuse as much as possible the infrastructure (e.g. fiber) already deployed and ensure cost effective deployments with different FH performance figures (e.g. latency, throughput)
· The fronthaul solutions should be of high efficiency (e.g. the bandwidth is dependent on the real traffic), high scalability and flexible networking/routing capability

The design principle shall be common as much as possible for LTE evolution and new RATs
Comments on proposal 1
CMCC: proposes the following revision of the text
Objectives to be included in the technology Study Item:
-	Evaluate the different options of functional splitting among a “central unit” and a “remote radio head” (see Fig. 1), by taking into account different fronthaul profiles (e.g. throughput, latency, jitter), costs and capability to provide future proofness [RAN3]
· Function split shall enable the central unit effectively support cooperation among remote units
· Fronthauling solutions shall be future proof, reuse as much as possible the infrastructure (e.g. fiber) already deployed and ensure cost effective deployments with different FH performance figures (e.g. latency, throughput)
· The fronthaul solutions should be of high efficiency (e.g. the bandwidth is dependent on the real traffic), high scalability and flexible networking/routing capability
-	Evaluate the possibility to define a flexible splitting between a “central unit” and a “remote radio head” [RAN3]
-	specify a fronthauling interface between a “central unit” and a “remote radio head”, identifying which protocols are part of the “central unit” and which are part of the “remote radio head” [RAN3]
· Fronthauling solutions shall be future proof, reuse as much as possible the infrastructure (e.g. fiber) already deployed and ensure cost effective deployments with different FH performance figures (e.g. latency, throughput)
· The fronthaul solutions should be of high efficiency (e.g. the bandwidth is dependent on the real traffic), high scalability and flexible networking/routing capability

Samsung: Proposes the following revision of the text and indicates the need to involve RAN1 and RAN2
Objectives to be included in the technology Study Item:
-	Evaluate the different options of functional splitting among a “central unit” and a “remote radio head” (see Fig. 1), by taking into account different fronthaul profiles (e.g. throughput, latency, jitter), costs and capability to provide future proofness [RAN1, RAN2, RAN3]
-	Evaluate the possibility to define a flexible splitting between a “central unit” and a “remote radio head” [RAN1, RAN2, RAN3]
-	specify a fronthauling interface between a “central unit” and a “remote radio head”, identifying which protocols are part of the “central unit” and which are part of the “remote radio head” [RAN3]
•	Fronthauling solutions shall be future proof, reuse as much as possible the infrastructure (e.g. fiber) already deployed and ensure cost effective deployments with different FH performance figures (e.g. latency, throughput)
•	The fronthaul solutions should be of high efficiency (e.g. the bandwidth is dependent on the real traffic), high scalability and flexible networking/routing capability
Nokia: support Samsung on the removal of the last bullet (and relevant sub-bullets) and on top proposes following revisions
· Evaluate the different options of splitting the logical functions functional splitting among a “central unit” and a “remote radio head” (see Fig. 1), by taking into account different fronthaul capabilities profiles (e.g. throughput, latency, jitter), and the future proofness of the logical split costs and capability to provide future proofness [RAN1, RAN2, RAN3]
· Evaluate the possibility to define a flexible splitting between a “central unit” and a “remote radio head” [RAN1, RAN2, RAN3]
Ericsson: supports Nokia and Samsung. RAN3 should be the leading group
Huawei: supports Nokia and Samsung and provided the following revision
· Evaluate the different options of integrating and splitting the logical functions of a new eNB logical modelamong a “central unit” and a “remote radio head” (as example in Fig. 1), by taking into account different TNL (Transport Network Layer) and RNL (Radio Network Layer) capabilities fronthaul capabilities (e.g. throughput, latency, jitter), and the future proofness of the logical split [RAN1, RAN2,RAN3] 
NEC: support RAN3 as primary. Question to Huawei:
Regarding the proposal from Huawei to have the “different options of integrating”, does it mean no fronthaul, so it looks like in Fig1, the Traditional BS?
NTT DOCOMO: supports the text as proposed by Samsung and Nokia. Same question as NEC on the proposal from Huawei
Huawei: clarification
The intention with the added text was to also include the architecture with no splitting of functionalities as a baseline in the evaluation
Vodafone: add the following bullet to the proposal from Samsung, Nokia and Ericsson
· For each identified functional split, identify the required node interactions both in terms of transport of information transmitted and received over radio interface and O&M control (CM, PM, FM, SM, etc), and provide a recommendation for how these could be standardized to  allow multi-vendor operation, and recommend suitable protocols for providing transport.
Intel: We also support the proposals from Samsung and Nokia.
I do wonder, though, what would be the purpose of comparing various split options with the integrated variant? 
With regards to the leading WG, we don’t think it should not be RAN1, as suggested in Samsung’s draft. It can be RAN3, but it can also be RAN2 (for example, the second bullet seems to be more in RAN2 scope).
Intel supports the proposal from Vodafone
ZTE
From ZTE side, we also think how to split the RAN functions between the central and remote unites should consider not only the fronthaul profiles but also the impact on other related features e.g.CA, CoMP because our object is to achieve better E2E performance or at least RAN system level performance
Evaluation different split options is suggested in RAN1,RAN2,RAN3
Microelectronics Technology Inc. (MTI)
We prefer Samsung and Nokia's text and we also support to add the bullet proposed by Vodafone.
AT&T: this proposal was done in [5G_AH_13] discussion, but it is felt relevant also to [5GAH06]
· The functional splits within RAN should be re-configurable and should be based on various parameters such as fronthaul latency/bandwidth, system load, and requirements of the bearer, etc.
· Control Plane and User Plane Interfaces between remote and central units (front-haul) should be open and standardized
4	Summary and Conclusion
On the basis of the E-mail discussion, it is proposed for TSG-RAN#71 to discuss and conclude on the following way forward.  
4.1	Definition
The E-mail discussion agreed on the following definition for fronthauling. This definition has to be considered the assumption on which RAN3 has to start their activity.
Definition
Fronthauling – it indicates the transport capabilities and interfaces between internal RAN nodes, currently not specified by 3GPP.
The basic example of fronthauling is the connection and consequent transport functionality between a central unit and a remote unit. A central unit includes full/partial baseband functions and higher layer control functions. It handles multiple cells and serves as a function pool. A remote unit may include the functions of traditional remote radio units and possibly partial baseband functions.
The following figure shows candidate fronthauling options dependent on the function splits between a central unit and remote unit, as well as possible implementation/deployment of multiple fronthauling in one network. 


Figure 1 - Examples of functional split options
[bookmark: _GoBack]4.2	Text to be added to TR 38.913
The following text is proposed to be added in Section 8 “Requirements for architecture and migration of Next Generation Radio Access Technologies”. 
-------- begin text proposal -----------
· RAN shall support architectural options to allow fronthauling solutions in different deployments with cost effective and optimised transport network capabilities (e.g. bandwidth, latency and jitter), as well as the cooperation among remote units.
· The design principle shall be common as much as possible for LTE evolution and Next Generation RATs
-------- end text proposal -----------
4.3	Proposed text for Technology Study Item
The following text is proposed for inclusion in the technology SI
· Evaluate the different options of splitting the logical functions among a “central unit” and a “remote unit”, by taking into account different transport network attributes (e.g. throughput, latency, jitter), effective cooperation among remote units, as well as the future proofness of the logical split [RAN2/3 leading(*), RAN1, RAN2/3]
· Evaluation of dynamic configuration of split logical functions [RAN2/3 leading(*), RAN1, RAN2/3]
· For each identified functional split, identify the required node interactions both in terms of transport of information transmitted and received over radio interface and O&M control (CM, PM, FM, SM, etc), and provide a recommendation for how these could be standardized to  allow multi-vendor operation, and recommend suitable protocols for providing transport. [RAN3]
(*) leading group to be decided
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