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Introduction
In 3GPP RAN#70 meeting, the “SI Scenarios and Requirements for Next Generation Access Technologies” was approved with the aim to identify typical usage scenarios for next generation access technologies and the required capabilities in each corresponding usage scenarios, and to provide guidance to the technical work to be performed in RAN WGs. One of the objectives in the SID[1] regarding scenarios is to:
· Identify the typical deployment scenarios associated with attributes such as carrier frequency, inter-site distance, user density, maximum mobility speed, etc.
Backhaul/fronthaul is an important aspect we should consider for next generation network.  This contribution presents our views on backhaul/fronthaul consideration in the eMBB sceanrios.
Discussion  
In order to meet various service/performance/operational requirements from 5G NW, the functionalities of backhaul and fronthaul as appeared today are supposed to be further enhanced, so that 5G NW can deliver various services in more efficient and flexible way.  Considering the typical eMBB scenarios i.e. indoor hotspot and dense urban, operators tend to deploy capacity-boosting access nodes of various RATs in more dynamic manner, accordingly, the associated backhaul and fronthaul for those multi-RATs access nodes can be different from LTE today. Furthermore, it seems difficult to provide the data transmission capacity/capability strictly based on user demand with fixed/static NW planning, but the provision of 5G NW capacity/capability should be able to adapt flexibly to its dynamic environmental conditions. All of above impose some new requirements for backhaul and fronthaul functionalities in future. Hereafter, we shall discuss the backhaul and fronthaul functional enhancement separately.
· [bookmark: OLE_LINK4]Backhaul
From the SMARTER work as described in [2], some potential new requirements of backhaul had been discussed under one of the 5G enablers: Network-Operation, as such:
“5.5.2	Potential Requirements
Radio Interface Technology (RIT) of the 3GPP system shall be designed with features and optimizations to provide a backhaul function. 
The 3GPP system shall support flexible and efficient backhaul for both indoor and outdoor access nodes.
The 3GPP system shall support flexible partitioning of resources between access and backhaul functions when supported in a common band. 
The 3GPP system shall support dynamic, autonomous configuration of integrated access and backhaul nodes.
The 3GPP system shall support dynamic adaptation on wireless backhaul network topologies to minimize service disruptions.
The 3GPP system shall allow a network operator to provide fronthaul/backhaul network sharing information and capabilities to other network operators.
The 3GPP system shall allow network operators to be able to share fronthaul/backhaul network resources.”

Based on above input from SA1, it can be inferred that the 5G RAN nodes should incorporate advanced backhaul functions, so as to take the role of intermediate data path or relay nodes. It is also a very tricky issue how the 5G RAN nodes can balance its local resources allocated for the “last-end access purpose” and  “intermediate relay purpose”.  In 4G era today, the typical backhaul type and its capabilities can be summarized in [3] as incited below:
“A categorization of non-ideal backhaul based on operator inputs is listed in Table 6.1-1:
Table 6.1-1: Categorization of non-ideal backhaul
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1
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	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1



A categorization of ideal backhaul based on operator inputs is listed in Table 6.1-2:
Table 6.1-2: Categorization of ideal backhaul
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 4 (NOTE 1)
	less than 2.5 us (NOTE2)
	Up to 10Gbps
	1



NOTE 1:	This can be applied between the eNB and the remote radio head.
NOTE 2:	propagation delay in the fiber/cable is not included.”
It seems insufficient that there is only one category for ideal backhaul for LTE. Generally speaking, in 5G era, more diversified backhaul type and more advanced capabilities need to be studied and defined firstly. The main issues are: what kind of new backhaul technologies shall be adopted and what are the new requirements for performance metrics like latency/throughput?
The performances of backfaul, i.e. latency/bandwidth shall not only impact how the user data can be delivered through the NW, but also impact how RAN nodes can coordinate with each other, so as to realize certain advanced features  i.e. COMP, CA, DC for 5G. Hence the exact performance profiles of 5G backhaul shall determine various 5G feature development later.  
Proposal 1: More diversified backhaul type and more advanced capabilities need to be studied and defined at first place before developing detailed 5G features.
For 5G eMBB relevant features, it shall largely depend on  the capabilities of 5G backhauls. Based on experiences obtained from LTE/HSPA+, good backhauls facilitate low protocol layer cooperation and coordination, so that multiple -link aggregation and interference management is possible.
Observation 1: 5G relevant features, especially eMBB, largely depend on the capabilities and performances of 5G backhauls. 
Ideal or very fast backhaul is usually costly and unavailable in some scenarios, hence 5G relevant features based on non-ideal or slow backhaul should also be studied.  For 5G mMTC relevant features, they do not impose strong capability and performance requirements for backhaul, but also largely depend on its topology and characteristics. E.g. more diversified backhaul topology type would enable more data path alternatives through NW.
Observation 2: 5G relevant features, especially mMTC, also depend on the characteristics of 5G backhauls. 
· Fronthaul
In LTE era, there is no standard requirement for so called fronthaul, but its function is widely implemented in some eNB vendors, such as between BBU and RRU modules. In 5G era, some operators are keen on standardizing the frontfaul relevant functions/interfaces. 
From functional viewpoints, Fronthaul is much similar as Backhaul, in term of intermediate/relaying role for data transmission, but their capability and performance requirement may be different. Fronthaul is supposed to transmit more timing cirtical data, i.e. L1/L2 control info for cluster coordination, hence the Fronthaul type and its associated capabilities need to be studied and defined as well, and it shall also impact the 5G NW deployment and features development. 
Different partition schemes of NGFI (Next Generation Fronthaul Interface) can be considered in eMBB scenarios.  The partition scheme would affect the latency and throughput of the fronthaul interface. This can be together studied discussed with backhaul schemes.
Proposal 2:  The fronthaul type and its associated capabilities need to be studied and defined at first place before developing detailed 5G features. Different partition schemes of NGFI (Next Generation Fronthaul Interface) should be considered in eMBB scenarios.
Proposal 3: Based on commonalities, the study and definition of backhaul and fronthaul can be unified. 
· Self-backhaul
Wireless self-backhaul is a key enabler to resolve backhaul availability issue and to reduce cost of deployment and management in 5G network, which has been included in SMARTER NEO TR by SA group [4]. Therefore, it is suggested that the scenario(s) with access nodes using self-backhaul should be studied for new RAT in RAN.
There are several candidate eMBB scenarios such as indoor hotspot, dense urban, urban coverage, etc. It is suggested that self-backhaul should be considered at least in dense urban due to high density of access nodes with severe backhaul availability issue.
After involving self-backhaul, we have three types of nodes as shown in figure 1. The first one is macro eNB for coverage. The type 2 node utilizes wired backhaul to obtain data from CN, which can be either micro eNB or small cell node. The type 3 node is small cell node with self-backhaul to access data from the second type of node.
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Figure 1  Self-backhaul in dense urban
In addition to data, coordination signalling can also be carried by self-backhaul among access nodes. It can be further studied what kinds of coordination signalling is transmitted via self-backhaul.
Explicit modelling of self-backhaul during performance evaluation is suggested in order to assess the impact of self-backhaul on system capacity, latency and link robustness.
For 5G new RAT, there may be a new designed self-backhaul under the condition of new 5G frame structure and with some new features such as joint and flexible resource allocation between access link and backhaul link. Therefore a new interface between type 2 and type 3 node, as well as between two type 3 nodes may be needed when self-backhaul is utilized by these nodes.
Proposal 4: Self-backhaul should be considered in eMBB scenarios.
 
Conclusions
In this contribution, we discuss about the indoor hotspot and dense urban deployment scenarios for eMBB.  Based on the discussion, we have the following proposals:

In this contribution, we discussed the backhaul and fronthaul functional enhancement briefly, and we kindly ask RAN to consider following proposals:
Proposal 1: More diversified backhaul type and more advanced capabilities need to be studied and defined at first place before developing detailed 5G features.
Proposal 2:  The fronthaul type and its associated capabilities need to be studied and defined at first place before developing detailed 5G features. Different partition schemes of NGFI (Next Generation Fronthaul Interface) should be considered in eMBB scenarios.
Proposal 3: Based on commonalities, the study and definition of backhaul and fronthaul can be unified. 
Proposal 4: Self-backhaul should be considered in eMBB scenarios.
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