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1 Introduction
Mobile traffic soars as multimedia based equipments and services become popular. It is estimated that in the decade between 2010 and 2020, hundred-fold mobile capacity improvement is required to meet the end users’ need [1]. It is also widely believed that denser network, wider bandwidth and advanced transmission technology are three major candidates to achieve higher system level capacity performance, during which deploying more base stations could contribute most of the capacity gain. However, as the network becomes denser, the backhaul capability between base stations becomes a key issue, especially when end-to-end quality of service, capital expenditures (CAPEX), operating expense (OPEX) and other factors are jointly taken into consideration.
In the meantime, the distribution of the traffic becomes more diverse, leading to non-uniform hotspots in the coverage of the network. For instance, more than 80% of the mobile traffic is expected to occur in indoor and/or hotspot areas, thus how to transfer large amount of data to these areas is an open issue. On the other hand, this kind of hotspot area varies during time and space domain as end users move around, which imposes a significant impact on the network planning and deployment. Furthermore, as the density level of network equipments grows higher, the probability of equipment failure due to manual mistake or natural disaster becomes larger. If network topology and backhaul resources are planned and assigned only based on previous experience, coverage hole or even network paralysis may happen.
Therefore, under the constraint of a certain level of end-to-end user experience and operating cost, how to provide enhanced, flexible and cost-efficient backhaul service is a major challenge in new radio (NR) mobile communication systems. Flexible backhauling with potential idle network nodes is a promising solution to meet the mentioned requirements via efficient utilization of overall network resources. In this paper, we try to analyze the rationale, target deployment scenarios, and system design requirements for wireless backhauling.
2 Rationale of flexible wireless backhauling
As analyzed in [2], traffic asymmetry in the space and time domain is observed. For example, it shows that 80% of mobile traffic is processed by only 20% of network sites, which implies highly non-uniform traffic distribution in the space domain. In time domain, some peak durations are observed in which large amount of traffic is consumed. In [3], we can see that the throughput of a specific small cell changes significantly from busy hour to quiet hour. Therefore, it is quite possible that in the network there are always some nodes working in a kind of idle state. Since it is infeasible to deploy dedicated backhauling resources for every small cell (especially for outdoor small cells) due to the unaffordable cost, we can try to share the radio resources available in some nodes with the adjacent nodes in order to improve the overall network performance. That is the rationale of flexible backhauling. To be specific, flexible backhauling is a holistic solution to improve the end-to-end user experience with dynamic discovering, sharing and efficient utilization of idle network resources, which leads to the reduction of dedicated backhaul deployment in the system.
Considering that there are already some technical solutions for wireless backhauling, we did a survey and compared their pros and cons in the table below.

Table 1 Comparison of existing backhaul solutions.
	
	Advantage 
	Disadvantage 

	R10 relay 
	QoS enforcement 
In-band relaying (flexible two-hop allocation)
Elimination of noise
Small impact on standard
	Processing delay 
Only single hop is supported
Capacity loss
Relatively fixed topology

	Mesh 
	Low cost 

Good coverage

Fast and easy deployment

High reliability
	Latency increase
Capacity loss
High protocol complexity
High redundancy


From the table we can see that the existing technical solutions do have some obvious advantages and disadvantages, and none of them can efficiently support the dynamic wireless backhauling requirements listed before. Therefore, we propose to study flexible backhauling in NR system to enable consistent end-user experience in an efficient manner. As mentioned before, fast and flexible resource sharing between access and backhaul links are expected, thus the following key issues must be carefully handled.
· Need for RRM-type and CSI-type measurements for the backhaul link, including the possibility to determine the link quality over multiple hops.
· Fast sharing of physical resources between access and backhaul, considering that network nodes may be on/off dynamically in the new radio.

· Impact of inter-cell/TRP interference on the backhaul capacity and availability, which will be more severe compared to legacy semi-static relaying solutions.
In the following, we’ll discuss the target deployment scenarios in section 3 and details of the design challenges listed above in section 4, respectively.
3 Target deployment scenarios
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Figure 1 Illustration of target deployment scenarios.
The valuable deployment scenarios as shown in Figure 1 can be divided into two major categories, i.e., capacity improvement scenarios and coverage enhancement scenarios. In terms of capacity improvement, hotspot indoor/outdoor is the typical scenario, including high commercial street where line of sight links between small cells and macro eNodeBs do not always exist, and shopping mall where population density and traffic requirement are very high. Flexible backhauling can be deployed also for other hotspot scenarios, such as monument and stadium. For other coverage enhancement scenario, e.g., network down due to natural disaster, flexible backhauling can be used for aggregating normal network equipments to form successful end-to-end links for basic communication. Based on the requirements [4], the capacity improvement scenarios can be regarded as dense urban and urban macro, while the coverage enhancement scenarios can be regarded as rural. Flexible backhauling can also be employed among nomadic nodes for on-demand densification, where nomadic nodes [5] are mounted on vehicles and can be activated as relays in hotspot areas. Considering the existence of large amount of idle physical resource and the probability of sharing, dense deployment such as dense urban should be taken as the key scenario. Therefore, the above mentioned deployment scenarios should be considered to study the detailed solutions of flexible backhauling, while dense urban should be in high priority.
Proposal 1: study flexible wireless backhauling in dense urban (high priority), urban macro and rural deployment scenarios.
4 System design issues
In order to support flexible backhauling in NR system to efficiently serve users with consistent experience, certain key design issues should be addressed. In this section, we focus on such issues in terms of inter-hop measurement enhancement, backhaul and access joint optimization and inter-hop interference management. The details are provided as below.
4.1 Inter-hop measurement enhancement
One key issue in flexible wireless backhauling is to find out which one/ones should be selected to help forward the data, which can be solved with the facility of enhanced inter-hop measurements. Here, inter-hop includes both BS-BS and BS-UE links, which means that for a certain small cell, it should monitor the quality of both backhaul links and access links. On one hand, it helps to identify the backhaul links with high transmission capability, thus we can use the identified transmission capability together with the available radio resources to select the most efficient helping nodes. On the other hand, since inter-hop interference may exist especially in highly resource reusing scenarios, the inter-hop measurements can be used to help identify the possible strong interference even before actual data transmission.
Proposal 2: inter-hop (e.g., BS-BS, BS-UE) measurement enhancement should be studied for flexible wireless backhauling.
4.2 Backhaul and access resource allocation
Another big issue is how to allocate the radio resource of two or more hops efficiently under the dynamic traffic fluctuation status. It is well known that the end to end transmission capability is determined jointly by the channel quality of each link, the available radio resource of each intermediate node, and of course the specific resource allocation scheme. So firstly, it is expected that the resource multiplexing scheme should be defined, e.g., whether time domain multiplexing (TDM) or frequency domain multiplexing (FDM) should be deployed for flexible backhauling. Generally speaking, TDM seems to have more flexible and efficient resource reusing performance among multiple small cells and related UEs. To be specific, when a macro base station (MBS) is providing backhauling service for a certain small base station (SBS) in FDM, the SBS receiving/transmitting data from/to the MBS cannot transmit/receive data to/from its subordinate users even on adjacent unused bands. While for TDM, MBS and SBS can provide backhauling and access services respectively and at the same time. Meanwhile, if multiple antennas are deployed at MBS/SBS/UEs, the transmission efficiency of backhaul links can be further enhanced due to the spatial multiplexing of multiple data streams and inter-hop interference (the impact from adjacent backhaul/access link) coordination in space domain. Secondly, the idle resource information of each node should be exchanged between each other or even reported to a central node to make enable the overall performance optimization. Thirdly, the end user experience has to be taken into account as the optimization goal. Note that the resource allocation can be carried out at MBS in a centralized manner or at some SBS with dedicated backhaul resource in a distributed manner.
Proposal 3: backhaul and access resource allocation should be studied for flexible wireless backhauling.
4.3 Inter-hop interference management
Since highly resource reusing is enabled in flexible backhauling, inter-hop interference may exist and in some cases it might significantly impact the end-to-end performance. Typically we have four inter-hop interference scenarios, i.e., downlink, uplink and two hybrid ones. For the downlink and uplink cases, very strong interference could exist between adjacent small cells, while for the hybrid cases (backhaul and access links have different transmission directions) the strong interference would probably exist between MBS and its subordinate small cells, and also between small cells and their served users. This kind of interference should also be carefully treated in order to maintain high transmission efficiency for both backhaul and access links. For example, this excessive resource reusing can be applied only for those hops with enough space isolation, or it is also possible to implement beam based transmission to avoid the inter-hop interference. If the dominate inter-hop interference is from adjacent BSs, the mitigation schemes at the receiver can also be considered.
Proposal 4: inter-hop interference management should be studied for flexible wireless backhauling.
5 Conclusions
In this contribution, we discuss the rationale and scenarios of flexible backhauling, and some potential system design issues. Based on the analysis, the following proposals are drawn. 
Proposal 1: study flexible wireless backhauling in dense urban (high priority), urban macro and rural deployment scenarios.

Proposal 2: inter-hop (e.g., BS-BS, BS-UE) measurement enhancement should be studied for flexible wireless backhauling.
Proposal 3: backhaul and access resource allocation should be studied for flexible wireless backhauling.

Proposal 4: inter-hop interference management should be studied for flexible wireless backhauling.
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