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1. Introduction
The issue of the transport network was touched upon in the RAN#91-bis meeting and was also discussed by email [3], where certain progress has been made [4]. In the present paper we discuss the issue in more detail and propose to build on the progress reached in the email discussion.
2. Discussion

2.1 Importance of transport network in NR study
RAN3 specifications traditionally allow usage of different transport network protocols, none of which have been defined in 3GPP. We expect this to continue, that is – we don’t expect RAN3 to actually define transport network in the context of the NR study.

However, we do believe that transport network characteristics is an important aspect that must be considered during RAN3 and potentially RAN2 study on RAN functional split and protocol stack design, respectively. The NR SID [1] contains the following objective: “Study the feasibility of different options of splitting the architecture  into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3]”, which mandates RAN3 to look into different functional splits and to evaluate their feasibility, taking into account transport network aspects.
Observation 1: the NR SID [1] mandates RAN3 to look into different functional splits and to evaluate their feasibility, taking into account transport network aspects.

Transport network characteristics are an important factor in evaluating different functional splits – without assumptions on transport network throughput and latency all functional splits are possible, including the most throughput and latency demanding ones. However, it is obvious that not all of these options may be possible or practical. In order to do a meaningful functional split evaluation one must have certain assumptions about transport network characteristics.

This observation naturally leads us to the proposal to capture transport network characteristics in the TR 38.801 [5] to be used for functional split evaluation. These characteristics need to be taken into account during both NR protocol stack design (in RAN2) and evaluation of different functional splits (in RAN3). The importance of the transport network aspects is twofold: it will affect functional split decisions (e.g. certain functional splits may not be possible with realistic transport networks available to operators) and it will also affect NR protocol stack design (e.g. transport network latency may affect NR HARQ design). At the same time, NR PHY and protocol stack design may affect the choice of transport network. 
Observation 2: transport network characteristics may affect NR functional split and protocol stack design.
Proposal 1: to capture transport network characteristics in the TR 38.801 [5] to be used for functional split evaluation.

In the following sections we elaborate a bit more on existing transport network options, which can be used for frounthaul and propose a text for the inclusion in the TR 38.801.

2.2 Transport network options

In this section we briefly list various transport network options available. This information is largely based on the NGMN paper [2], which describes different wavelength-division multiplexing (WDM) solutions, microwave, Ethernet, Optical Transport Network (OTN) and others. 

For the time being we don’t look into the whole transport network protocol stack, but rather focus on physical layer options and their characteristics in terms of throughput, latency and others, which may affect NR study. Essentially, two physical layer options are available for the transport network: fiber and microwave. 
For fiber, the two main technologies are CWDM (Coarse Wavelength Division Multiplexing) and DWDM (Dense Wavelength Division Multiplexing). The former supports 16 wavelengths, each wavelength typically supports up to 10Gbps support – achieving total capacity of 160Gbps. The latter supports up to 88 wavelengths, each wavelength supporting data rates up to 100Gbps – achieving total capacity of 8.8 Tbps. The latency typically depends on distance and can be easily calculated taking into account light propagation speed, however this exercise requires some agreements on typical fronthaul distances. For example, for 3km distance one way latency is about 9 micro seconds.
For microwave, different bands offer different throughputs. Traditional microwave back-haul bands 6-42 GHz can achieve up to 1 Gbps throughput, while E- and V- millimeter-wave bands can achieve up to 10 Gbps.
The list above is not exhaustive, however it can be used as a starting point- with the understanding that additional fronthaul transport network technologies may need to be considered to get the full picture.
2.3 Impact on RAN3 work and TR 38.801
It is probably neither feasible nor realistic to capture all possible transport network options in the RAN3 TR 38.801 [5]. Moreover, for the purpose of the RAN3 study the actual transport network technology is not particularly important. What is important is their characteristics, at least in terms of throughput and latency. Therefore, we propose to discuss and agree on a limited number of transport network categories (e.g. high performance fronthaul, medium performance frounthaul and low performance frounthaul) and capture these, along with their characteristics in the TR 38.801 [5].

Proposal 2: to agree on a limited number of transport network categories and their characteristics at least in terms of throughput and latency and to capture these in the TR 38.801 [5].

This information will later be used in different functional split evaluation and feasibility study, as mandated by the SID [1]. 

In section 4 below we provide a text proposal that can be used as a basis for discussion on transport network categories to be included in the TR 38.801 [5].
3. Conclusions and Proposals

As we show in this paper, transport network characteristics are important for both NR protocol stack design (in RAN2) and functional split evaluation (in RAN3). Based on the following observations: 
Observation 1: the NR SID [1] mandates RAN3 to look into different functional splits and to evaluate their feasibility, taking into account transport network aspects.

Observation 2: transport network characteristics may affect NR functional split and protocol stack design.

We propose:

Proposal 1: to capture transport network characteristics in the TR 38.801 [5] to be used for functional split evaluation.

Proposal 2: to agree on a limited number of transport network categories and their characteristics at least in terms of throughput and latency and to capture these in the TR 38.801 [5].
Example text proposal for TR 38.801 [5] is provided below.
4. Text Proposal
X.1.
Transport network aspects
X.1.1

General
This section summarizes transport network characteristics and requirements of different functional splits.

NOTE:  It is understood that RAN3 has no intention to specify any transport network. 
X.1.2
Transport network characteristics

This section summarizes transport network options and their characteristics in terms of at least throughput and latency. Transport network options are divided into a number of categories with their associated properties in terms of throughput andlatency.

Editor’s note: the number of options and details about their characteristics are provided as examples; actual numbers are FFS

	Transport network category
	Throughput
	Example physical layer technology

	Throughput Category 1
	1 Gbps
	

	Throughput Category 2
	10 Gbps
	

	Throughput Category 3
	100 Gbps
	

	
	
	


Table 1: Transport network options – throughput
	Transport network category
	Latency
	Example physical layer technology

	Latency Category 1
	250us
	

	Latency Category 2
	2ms
	

	Latency Category 3
	20ms
	

	
	
	


Table 2: Transport network options - latency
4. References
[1] RP-160671, Study on NR New Radio Access Technology
[2] RAN EVOLUTION PROJECT,BACKHAUL AND FRONTHAUL EVOLUTION, NGMN

[3] Email discussion #04: TR 38.801 TP on TNL possible issue- NR
[4] R3-161012, TP for TR 36.801 on TNL aspects for 5G Fronthaul, Mitsubishi Electric
[5] TR 38.801, Study on New Radio Access Technology; Radio Access Architecture and Interfaces
3GPP


