
3GPP TSG RAN WG1 Meeting #86 	R1-166745	
Gothenburg, Sweden, August 22 – 26, 2016

Agenda item:	8.1.1
Source:	Samsung
Title:	Dynamic Bandwidth Considerations for NR
Document for:	   Discussion and Decision

Introduction
In RAN1#85 meeting, the following agreements were achieved regarding bandwidth considerations for NR [1];
Agreements:
· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

In this document, we discuss why dynamic and flexible bandwidth deployments need to be studied in the context of NR systems and also present potential deployment considerations for the same. 
Discussion
NR will support a variety of services with a wide variety of requirements. This includes supporting devices with variable bandwidth (BW) requirements and capabilities. NR will also support different spectrum bands such as sub-6GHz and above-6GHz. It is necessary to be able to manage spectral resources efficiently to satisfy the needs and requirements of NR and to meet the IMT-2020 requirements. A NR NB should therefore be capable of managing the bandwidth efficiently to be able to meet these requirements. 
Furthermore, since forward compatibility is a key requirement of NR and is critical for multiplexing UE’s and services that may be introduced in the future, careful analysis about spectrum management must be done for NR. While carrier aggregation (CA) techniques are already in place for LTE-A systems to address dynamic BW requirements, and have also been studied in detail for LAA in Rel-13, the feasibility of channel bonding (CB) to reduce signaling overheads over very wide BW in order to improve the overall performance of NR should also be studied.
A simple diagrammatic description of the CA and CB techniques is shown below. 
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Fig 1: CA and CB from an RF perspective
Channel bonding [4-8] has traditionally been used in WiFi as a mechanism that increases the channel bandwidth via channel sensing procedures. In this contribution we refer to it as a more generic term that can be used for aggregating bandwidth and treating the set of available channels as a part of one contiguous spectrum. Those well versed with LTE-A may realize that a similar discussion about bandwidth extension happened during Rel-10 standardization and extension-carrier, carrier-segment were proposed as some options for the same [2-4]. However, extension carrier is a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier. Carrier segments are expected to be used for scenarios with component carriers with transmission bandwidths no larger than 110 RBs (20MHz) and are not expected to take any arbitrary number of RBs [3], [4]. In this contribution, channel bonding is suggested as a mechanism to consider BW aggregation over very wide BWs.
[bookmark: _GoBack]Enhanced carrier aggregation (eCA) to support 32 CCs was specified in Rel-13, due to the availability of huge bandwidth around 5 GHz. Also, the European standard EN 301 893 discusses the operations in the 5.15–5.725 GHz (i.e. around 600 MHz) for unlicensed use [9]. While carrier aggregation is more flexible from the perspective of managing individual channels over such wide bandwidths, the signaling overhead increases with an increasing number of channels that may be aggregated. However, channel bonding is less complex from a signaling perspective, for example reduced HARQ feedback. Also, from Fig.1, it is easy to see that CB achieves gains in spectral efficiency due to the removal of the several guard bands that are required to be maintained in the case of a CA deployment. On the other hand, CB has difficulty in dynamically adapting to the varying interference conditions. 
Some recent studies [5-8] performed in the context of various versions of Wi-Fi have also shown that channel bonding enables to reduce the signaling overhead that is necessary to enable carrier aggregation across multiple channels and thereby improves the throughput and spectral efficiency after a careful design. In addition, from a hardware perspective, the cost reduction when CB is used is significantly lesser when compared to the case of CA due to the usage of a single RF chain in CB as opposed to multiple RF chains necessary for CA operation and thereby also enables to achieve significant power savings.
Observation 1: Provision of a low complexity and low cost system is necessary in order to overcome the limitations on the NR deployment that may be imposed by the requirement of a large number of RF chains to support very wide bandwidths.
A quick comparison between CA and CB based spectrum management techniques is shown below
	Comparison Aspects
	CA
	CB

	HW Complexity
	Worse
	Good

	Signaling Overhead
	Worse
	Good

	Latency
	Worse
	Good

	Spectral Efficiency
	Worse
	Good

	Fall back option to primary channel
(adapting to interference)
	Good
	Worse

	Coverage
	Good
	Worse











Since each technique has its own pros and cons and given the various spectrum deployment considerations, it is therefore necessary to consider the applicability of CA and CB together in the case of NR systems. Such considerations should be allowed for un-licensed and also shared spectrum that will be allotted for NR. Since channel bonding is performed only over contiguous spectrum (as per current available technology), it is therefore necessary to be able to perform carrier aggregation in conjunction with channel bonding in order to support NR over wide spectrum bands and across different spectrum. Also, since the exact channel allocation is not defined yet for the NR bands, and also to support forward compatibility, NR should be able to support aggregation and bonding between different BW channels as well. Such a configuration helps to dynamically change the BW that will be required to support the various services, innumerous devices and the stringent requirements that will be needed to achieve the IMT 2020 requirements of NR. Some example deployments using CA and CB are shown in the Appendix.
Observation 2: CA and CB can be considered to achieve freedom of spectrum usage by supporting dynamic BW configuration with CA/CB.
Proposal 1: RAN1 should study a potential benefit of channel bonding schemes for unlicensed and shared spectrum in NR deployments.
Summary
In this contribution, we discussed the necessity of carrier aggregation and channel bonding for NR deployment and the following are proposed:
Observation 1: Provision of a low complexity and low cost system is necessary in order to overcome the limitations on the NR deployment that may be imposed by the requirement of a large number of RF chains to support very wide bandwidths.
Observation 2: CA and CB can be considered to achieve freedom of spectrum usage by supporting dynamic BW configuration with CA/CB.
Proposal 1: RAN1 should study a potential benefit of channel bonding scheme for unlicensed and shared spectrum in NR deployments.
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Appendix
Shown below are example deployments for CA and CB in NR systems –
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