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1 Introduction

With the tremendous growth of LTE capable devices, many LTE deployments are becoming capacity limited due to interference and the volume of data delivered. To alleviate these capacity limitations, 3GPP needs to begin to define and standardize LTE operation in both the C-band (3.4-4.2 GHz) as well as the 5 GHz unlicensed band. Note that higher frequency bands, beyond 6 GHz, may be considered in future releases. The spectrum available in these bands provide new opportunities to improve network operations to deliver more data and better manage interference in addition to providing more resources to increase the data capabilities of devices. In this contribution, we discuss the motivations for further LTE evolution for operating with wider spectrum bands of sub-6 GHz carrier frequency.
2 LTE evolution for wider spectrum
2.1 Status of spectrum
In many regions, regulations allowing licensed operation in the C band have been or are being considered. The following table lists the availability of the band. The potential amount of available spectrum is up to 800 MHz contiguously.
Table 1. Summary of C Band Spectrum Availability
	Frequency, MHz
	Bandwidth, MHz
	Availability
	Comments

	3400-3700
	300
	Starting 2016
	GLOBAL ECOSYSTEM (not the whole band everywhere)

	3700-3800
	100
	2016
	Europe (starting from the European Union)

Advanced markets in Asia (Huawei expectation)

	3800-4200
	400
	2020
	Advanced markets in Europe and Asia (Huawei expectation)


In addition, the unlicensed band (5 GHz with approximately 500 MHz of spectrum) is being targeted for Rel-13 (licensed assisted access to unlicensed spectrum). Further opportunities for additional spectrum are likely for frequency bands beyond 6 GHz whether licensed or unlicensed. This trend of larger amounts of spectrum available for cellular use promotes enhancements to better utilize this spectrum.

2.2 Potential features to support wider spectrum bands
The potential technical features for further enhancements of LTE to support wider spectrum bands are described in the following sections.
2.2.1 Massive carrier aggregation

The goal of massive carrier aggregation is to increase the number of accessible carriers for a UE. 
Currently the amount of spectrum a UE may access at a time through carrier aggregation is limited to 100 MHz using five 20 MHz carriers. With new applications requiring larger throughputs, increasing the number of aggregated carriers at a UE can meet the throughput requirements. This of course requires higher UE capability in terms of number of RF chains and baseband processing power. However, with large chunks of contiguous spectrum becoming available, the number of RF chains may be maintained at a reasonable level to support a large number of carriers, for example, in the case of inter-band aggregation of more than 100 MHz, including legacy spectrum and new spectrum in the C-band and new spectrum in unlicensed bands. As for baseband processing power, it is expected to continuously improve in the near future to allow the UE to support more (e.g., >=10) carriers. 
In addition, fast carrier switching/selection may also be considered to allow UE over time to utilize a much larger number of carriers than it can transmit/receive at one time. For example, coupling fast on/off described in TR 36.872 [1] with fast SCell activation/deactivation can allow a UE to switch carriers quickly. Other operational impacts can include load shifting/balancing to improve throughputs and reduce interference. Having a large pool of usable carriers can enable these improvements in operation. This ability to switch quickly also has benefits for operation in unlicensed bands as means to select lightly occupied carriers when interference arises. This approach can potentially be beneficial to UEs without largely increasing their capability requirements.
A key requirement for standardization is retaining LTE numerology as well as ensuring backwards compatibility so that the feature can be rapidly adopted in devices.

2.2.2 Wider carrier bandwidths

When LTE was developed, mandating a minimum 20MHz UE capability using 20 MHz of spectrum for transmissions was technically challenging. It also approached at that time the limits of licensed spectrum available to operators. As LTE technology has matured and has become lower in cost, there is an opportunity to revisit the 20 MHz limit. The larger amount of spectrum can increase the throughput per carrier and possibly reduce the amount of system overhead, which can also improve throughput as well as reducing interference. 
As newer higher frequency bands become available, it also becomes natural to scale the bandwidth according to the frequency to ensure low cost equipment. Further, the wider carrier bandwidths allow innovations to be introduced to allow improved performance. This may also work together with massive CA solutions as discussed in 2.2.1. A key challenge will be to ensure backwards compatibility while allowing the wider carrier bandwidths, especially for sub-6 GHz bands. Non-backward compatible design of wider carrier bandwidth may only be studied in the future when considering spectrum bands beyond 6 GHz carrier frequency. 

2.3 Possible objectives

Given the broad scope of the study listed above, it is crucial to form a clearer view of these directions and prioritize them. With spectrum under 6 GHz becoming available very shortly, an obvious direction is to focus on operations below 6 GHz as well as ensuring backwards compatibility so that the transition to these frequency bands is seamless. Exploring both massive carrier aggregation and wider carrier bandwidths can better utilize the newly available spectrum. 
3 Conclusion
We propose to consider LTE evolution for wider spectrum. Many directions/proposals for this evolution can be considered; however, the focus should be on how to effectively utilize the spectrum below 6 GHz, especially C-band, in a backward compatible manner.
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