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1 Introduction

From the 5G New RAT SI which was approved in the RAN plenary #71 meeting [1], one of the objectives is

Fundamental physical layer signal structure for new RAT

· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain

· Basic frame structure(s)

· Channel coding scheme(s)

In this contribution we focus on discussing basic methodologies in designing frame structure and channel coding scheme(s) for 5G with available wide contiguous blocks of spectrum.

2 Spectrum for 5G
In TR38.913 [2], the new RAT will consider frequency ranges up to 100GHz. For this frequency range, we briefly summarize the potentially available spectrum as follows. 
2.1 Licensed spectrum of sub-6 GHz
Among the licensed spectrum, in addition to bands already allocated, the main consideration for spectrum allocation is the 3.5 GHz C-band. C-band has about 400 to 800 MHz contiguous spectrum allocated or to be allocated to mobile operators in most markets by 2020 or earlier.  
2.2 Unlicensed Spectrum of sub-6GHz
Unlicensed spectrum of sub-6Ghz, for example the 5.8 GHz spectrum, contains more than 200 MHz contiguous bandwidth.  It is currently mainly used by Wi-Fi technologies. For example, Wi-Fi based on IEEE 802.11ac supports up to 160 MHz contiguous carriers. Currently 3GPP has standardized LAA-LTE to utilize the unlicensed spectrum for DL transmissions, and is working on eLAA on the spectrum for UL transmissions. A natural next step is to incorporate the sub-6 GHz unlicensed spectrum into 5G, which has been captured as an objective for this SI [1]. 
2.3 High Frequency Spectrum
Large chunks of spectrum are available for much higher frequency. 60 GHz unlicensed band has been available globally, and the bandwidth is generally in the gigahertz range. Wi-Fi technology based on IEEE 802.11ad will be commercially available soon. Other bands may become available later for either licensed or unlicensed use with likely at least a few hundred megahertz bandwidths. 
Based on above descriptions, we can see that there are a significant number of bands on contiguous spectrum with wide bandwidths for 5G to consider. The bandwidth of contiguous spectrum is especially large at high frequency. 

Observation 1: There are a significant number of bands on contiguous spectrum with wide bandwidths for 5G to consider.
The 5G design should take full account of this fact. Furthermore, as the amount of available contiguous spectrum vary dramatically in different frequency ranges, it is undesirable to have various 5G new radio frame designs tailored to each wide bandwidth. The 5G new RAT frame needs to efficiently accommodate all of them. 
Proposal 1: The 5G new RAT frame design should efficiently accommodate all of the available bands in the frequency range up to 100GHz, including those with very wide bandwidths on contiguous spectrum.
3 Design methodology
Targeting a unified 5G new RAT frame design for a variety of bands, especially those with very wide bandwidths, there could be several design methodologies. In the following we provide the detailed discussions on each of them.

3.1 Option 1: Massive CA
This technology has been standardized in LTE Rel-13 and provides the mechanisms for aggregation of up to 32 carriers (up to total 640 MHz) for LTE. In principle, it can also be adopted for 5G new radio to support bands with wide bandwidths, in which each carrier has similar bandwidth as legacy LTE carriers.
Pros: Each aggregated CC is independently scheduled, has its independent MCS and HARQ processes, and so on. In the case of CCs facing different channel/interference conditions across the wide bandwidth, this could bring some throughput gain over single wideband MCS/HARQ operations.
Cons: Guard band between each CC wastes spectrum resources. Each carrier is by nature an independent carrier with, e.g., duplicated synchronization channels and carrier-specific RS on each carrier, also a waste of spectrum resources. Unless there is joint scheduling through joint DCI among all the carriers, the control channel overhead is large. Also the management of CCs, e.g. configuration/release, activation/deactivation, etc., can be very complicated especially if the number of CCs is very large.
To support a wide contiguous spectrum, this seems to be a suboptimal design. 
Observation 2: Support for wide-band spectrum via massive CA is inefficient for 5G due to higher overhead and higher complexity of carrier management. 
3.2 Option 2: Wideband design with single MCS and HARQ
For this design option, a carrier may have much larger bandwidth than legacy LTE carriers, and the whole carrier bandwidth is considered in its entirety for operations. For data transmission, only a single MCS and HARQ process are supported on an OFDM symbol for a transport block of a UE. 
Pros: Frame design is cleaner and control channel overhead could be less. Since there are no multiple CCs as in the case of massive CA, total guard band amount could be reduced.
Cons: Single MCS and HARQ process for the scheduled TB may result in throughput loss (and hence lower spectrum efficiency) in the case of quite disparate channel/interference conditions across the wide bandwidth. 
Observation 3: Support for wide-band spectrum via wide carriers with single MCS and HARQ is inefficient for 5G due to lower spectrum efficiency. 
3.3 Option 3: Wideband design with multiple MCS and HARQ
From the above discussions of design options 1 and 2, we can see that each option has its desired benefits and undesired issues. To design of 5G new radio, our goal is then to have a design methodology which enjoy most of the benefits of above options but avoid most of their issues. Therefore, the following should be considered for efficient support for wide-band spectrum:

· Carrier bandwidth much larger than LTE carrier bandwidth
· Multiple MCS and HARQ processes within a carrier possibly for one TTI, with self-contained operations associated with each MCS/HARQ

Proposal 2: Consider a design methodology for 5G new radio frame structures supporting at least the following: 
· Carrier bandwidth much larger than LTE carrier bandwidth
· Allowing a UE to be scheduled with multiple transport blocks within the same TTI in the same carrier
4 Conclusion
In this contribution we discussed various design options for 5G new radio frame structure for bands with large contiguous spectrum. In summary we have the following observations and proposals:
Observation 1: There are a significant number of bands on contiguous spectrum with wide bandwidths for 5G to consider.
Observation 2: Support for wide-band spectrum via massive CA is inefficient for 5G due to higher overhead and higher complexity of carrier management. 
Observation 3: Support for wide-band spectrum via wide carriers with single MCS and HARQ is inefficient for 5G due to lower spectrum efficiency. 
Proposal 1: The 5G new RAT frame design should efficiently accommodate all of the available bands in the frequency range up to 100GHz, including those with very wide bandwidths on contiguous spectrum.
Proposal 2: Consider a design methodology for 5G new radio frame structures supporting at least the following: 

· Carrier bandwidth much larger than LTE carrier bandwidth
· Allowing a UE to be scheduled with multiple transport blocks within the same TTI in the same carrier
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