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1 Introduction

At RAN1#84bis meeting [1], it was agreed that:
Largest component carrier bandwidth not smaller than 80MHz for at least one numerology is supported.
In this contribution we discuss different approaches how to support wideband transmission for 5G NR, especially for eMBB. 
2 Approaches to support wideband
With much wider bandwidth, one natural question to ask is how we should design the transmission schemes, i.e. transport block sizes, resource allocation and etc. to effectively utilize the bandwidth. Increasing the subcarrier spacing can expend the supported bandwidth by simply reusing current LTE schemes as long as the total number of available subcarriers in one OFDM symbol does not exceed the maximum number of LTE. Since 5G NR operates on both sub-6GHz and various high frequency bands, much wider bandwidths are available in high frequency bands. In this case, merely relying on increasing subcarrier spacing does not work because of the constraints on coherent bandwidth and cyclic prefix overhead. In the following, we discuss the pros and cons of several design approaches.
2.1 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 number of subcarriers 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 1: Support for wide-band spectrum via massive CA is inefficient for NR due to higher overhead and higher complexity of carrier management
2.2 Whole bandwidth allocation
In this approach, the whole carrier bandwidth is considered in its entirety for operations. For data transmission, only a single MCS and HARQ process are supported on one or more OFDM symbols for a transport block of a UE. Different UEs are time multiplexed only. Figure 1 shows the transmission of three UEs.
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Figure 1 Whole bandwidth allocation
Pros: 
· Frame design is cleaner 
· 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. 

· Transmission granularity in the time domain is one OFDM symbol and no FDM put a certain large limit on minimum transport block size in the case of very wider bandwidth
· In high frequency bands, narrow analog beamforming is necessary to mitigate path loss. Frequent OFDM symbol level user switching in the time domain results in additional overhead coming from excessive analog beam switching delay.
· Available spectrums are vastly different from sub-6GHz to up to 100GHz. To support such variety of channel bandwidths complicates the parameter designs, e.g. TB sizes. 
· For supporting extremely wide bandwidth, there is a limitation on the very large FFT size
Observation 2: Support for wide-band spectrum via whole bandwidth allocation is inefficient due to lower spectrum efficiency
2.3 CA-like Operation 
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 NR, our goal is then to have a design methodology which provides most of the benefits of above options but avoids most of their issues. We can consider designing a set of modules, each one consists of a plurality of time-frequency resources and its self contained operations, e.g. transport block sizing, channel coding, rate matching etc. UE is scheduled data transmission on one or more sets of time-frequency resources with independent MCS values and HARQ processes. Figure 2 shows the division and transmission. 
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Figure 2 Virtual carrier aggregations
In the figure, each module is termed VC and the whole time-frequency resources can consist of combinations of multiple of these VCs, which has self contained operations. UE can be scheduled on one or more VCs with independent MCS and HARQ processes. 
Pros: 

· Frame design is cleaner because of single carrier
· Control channel overhead could be smaller through cross-VC scheduling 

· Since there are no multiple CCs as in the case of massive CA, total guard band amount could be reduced.

· Each aggregated VC is independently scheduled, has its independent MCS and HARQ processes, and so on. In the case of disperse channel/interference conditions across the wide bandwidth, independent MCS and HARQ process could bring some throughput gain over single wideband MCS/HARQ operations.

· Since several size of modules are defined, it is fairly easy to cover various bandwidths by aggregation of virtual-carriers
· In high frequency bands, less user switching in the time domain results in less overhead of analog beam switching delay
· Depending on traffic/load situations and UE capability, the number of virtual-carriers and the virtual-carrier bandwidths covering the whole bandwidth can be different at different times offering more flexibilities
Cons: 

· For supporting extremely wide bandwidth, there is a limitation on the very large FFT size

Observation 3: Support for wide-band spectrum via carrier aggregation-like operations provides most of the benefits of whole bandwidth allocation and massive CA.
2.4 Fast carrier switching

Though massive CA is considered not efficient for NR with large contiguous spectrum, CA with a few aggregated carriers is likely to be still necessary in NR, especially for inter-band scenarios. How to efficiently operate with CA needs to be addressed. Clearly, requiring a UE to monitor all aggregated carriers at all time (e.g., similar to LTE activated carriers) is not efficient in terms of UE power consumption, monitoring complexity, etc. On the other hand, deactivating some of the aggregated carriers until data arrival is also inefficient, unless the activation procedure can be performed fast enough. Therefore, fast carrier switching based on physical layer indication and procedure should be considered for CA scenarios. In other words, a UE generally monitors only a subset of the aggregated carriers, but it quickly switches to the carrier(s) indicated by fast physical layer indication immediately upon reception of the indication and then monitors the carriers.
Observation 4: Support for fast carrier switching in CA scenarios can be beneficial for NR
Proposal 1: Consider a carrier aggregation-like type of design for 5G NR data transmission over a wideband of spectrum
Proposal 2: Consider to support fast carrier switching between virtual-carriers (within the same band) and between carriers (over different bands) for 5G NR data transmission

3 Conclusion
In this contribution we discussed various design options for 5G NR frame structure for bands with large contiguous spectrum. In summary we have the following observations and proposals:
Observation 1: Support for wide-band spectrum via massive CA is inefficient for 5G due to higher overhead and higher complexity of carrier management 
Observation 2: Support for wide-band spectrum via whole bandwidth allocation is inefficient due to lower spectrum efficiency
Observation 3: Support for wide-band spectrum via carrier aggregation-like operations provides most of the benefits of whole bandwidth allocation and massive CA.

Observation 4: Support for fast carrier switching in CA scenarios can be beneficial for NR
Proposal 1: Consider a carrier aggregation-like type of design for 5G NR data transmission over a wideband of spectrum
Proposal 2: Consider to support fast carrier switching between virtual-carriers (within the same band) and between carriers (over different bands) for 5G NR data transmission
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