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1 Introduction
In the last RAN1 NR Ad-hoc meeting, the following was agreed to support wide bandwidth operations in NR:

· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15

· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands

· RAN1 asks the feasibility of at least followings

· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered

· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz

· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15

· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· The maximum FFT size is not larger than [8192, 4096, 2048]

In this contribution, we discuss and provide views on the wide bandwidth issues such as maximum FFT size, RF configuration and impacts, and code block (CB) bandwidth confinement [1]~[6]. The issues closely bear on implementations of NR UEs and gNBs as well as RAN1 NR specification work. 
	
	
	
	
	
	


2 Maximum FFT size
The maximum FFT size has implications in both NR specifications and implementations. 

In LTE, time unit Ts is defined in RAN1 spec TS 36.211 [7]. It is the minimum unit in time in LTE and used as a reference to define other numerology parameters. All types of LTE time duration including slot, subframe, radio frame, guard period, cyclic prefix, symbol duration and so on are specified based on the time unit Ts. This minimum time unit is defined as 
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 in TS 36.211, where 15000 and 2048 are the values for 15 kHz subcarrier spacing and 2k maximum FFT size. 
The time unit in NR can be defined in the same way, but with using different values on the subcarrier spacing and FFT size in accordance to NR numerology. NR will support multiple numerologies and the numerology parameters in time domain can be defined based on the minimum time unit. The subcarrier spacing and the FFT size which determine the time unit are related with the maximum component carrier (CC) bandwidth (BW) as well. In LTE, the 2048 FFT size with 15 kHz subcarrier spacing (SCS) is for supporting up to 20 MHz maximum CC BW. As per the agreement in the last RAN1 NR Ad-hoc meeting, the maximum CC BW in NR will be decided among 400/800/1000 MHz. If the maximum CC BW is to be 400 MHz, 8k FFT with 60 kHz SCS can fully support up to 400 MHz CC BW. 
Table 1. Component carrier BW supportable by a combination of subcarrier spacing and FFT size.
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Table 1 presents maximum CC BW supportable by some combinations of subcarrier spacing and FFT size, assuming 100% usage of the FFT inputs. RAN1 agreed that at least 15kHz~480kHz SCSs should be supported in NR and Table 1 highlights cases to compare choices between 4K and 8K FFTs. As per a RAN1 NR Ad-hoc agreement, RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15. In order to support 100 MHz CC BW, 15 kHz SCS with 8k FFT and 30 kHz SCS with 4k FFT can be considered for sub 6 GHz carrier frequency. The 8k FFT enables to support 100 MHz CC BW using 15 kHz SCS  and also can support 400 MHz CC BW with 60 kHz SCS. The 4k FFT can support the 100 MHz and 400 MHz CC BW using 30 kHz (but not with 15 kHz) and 120 kHz SCSs, respectively, and reduces complexity due to 50% less inputs per FFT processing than 8k FFT. On the other hand, 2k FFT cannot support 100 MHz CC BW either with 15 kHz and 30 kHz SCS considered for sub 6 GHz carrier frequency.
Proposal 1: FFT size
· 8192 is the maximum FFT size for a single NR component carrier. 
· 4096 can also be considered in view of lower complexity.
3 RF configuration and impacts
In the last RAN1 NR Ad-hoc meeting, the following RF configurations were discussed regarding their impacts on NR physical layer design and operations.
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Figure 1. RF configurations of UE and gNB for a given NR channel bandwidth.
Implementation corresponding to Case 3 in Figure 1 can incur multiple undesirable issues in physical layer. This is because the wide channel bandwidth is supported through aggregation of multiple RF chains in the UE unlike the gNB RF chain. On the other hand, Cases 1, 2 and 4 can be handled by appropriate configuration of the channel bandwidth and carrier aggregation by the gNB. For example, the gNB can configure separate component carriers for the two RF chains A and B, and this configuration can apply to all the NR UEs served by the gNB. Then, the UEs whose single RF chain can support the aggregated channel bandwidth as shown in Figure 1 can operate in the carrier aggregation mode using the wide BW RF chain X. 
However, in Case 3, the separate RF chains X and Y cannot guarantee carrier phase continuity between them. This results that a physical channel or signal which is transmitted or received through the aggregated RF chains experiences phase discontinuity between the two RF chains and the following issues are incurred:
· DL/UL common

· Channel estimation made for RBs within one RF chain cannot be used for the RBs within the other RF chain.

· PRB(s) located at the boundary (overlapping frequency) of the two cascaded RFs may not be usable for actual signal transmission, due to transient signal components at the boundary.
· UL only (DFT-s-OFDM)
· DFT-s-OFDM waveform cannot be transmitted across the cascaded RF chains because the phase discontinuity distorts the transmitted waveform and severe performance degradation occurs at the gNB receiver.

A simple approach to address the issues is to rely on carrier aggregation. If a separate component carrier is configured for each of the UE RF chains in Case 3, the operation to support a wide channel bandwidth through aggregating multiple RF chains in the UE turns into a carrier aggregation scenario comprising multiple component carriers configured by the network. Then, the issues discussed above can be avoided and additional specification impacts can be minimized other than those for carrier aggregation. 
Proposal 2: Wide bandwidth and UE RF capability
· A separate component carrier is configured for each of the RF chains in a UE, if multiple aggregated RF chains support the channel bandwidth.
· The maximum component carrier bandwidth with single RF chain is [100] MHz.
· It is supported that RF chain aggregation can be different for DL and UL, e.g., the RF chain aggregation is applied for UL in the UE Tx, but a single RF chain for DL in the UE Rx. 
4 Code block mapping BW confinement
In the last RAN1 NR ad-hoc meeting, bandwidth confinement for code block (CB) transmissions was discussed [5]. The proposal is to put a limit on the maximum BW span of a CB transmission, expecting to achieve following benefits:  
· Fixed (non-dynamic) de-mapping between FFT outputs and decoding blocks

· Making the demapping block dynamically configurable depending on where codeblock boundaries happen to fall is complicated to implement
· Parallel decoding processing of the CBs transmitted on different subbands
An appropriate bandwidth for CB confinement needs more investigation in conjunction with achieving the above benefits in order to make HW implementation efficient. Also, RAN1 spec impact and utilization of the established technologies such as carrier aggregation and per carrier TB transmission for the purpose should be studied as well. For example, if the appropriate bandwidth for CB confinement is 400 MHz, we can rely on carrier aggregation mechanisms for the purpose. Multiple TBs transmission could be an alternative option, where each TB is assigned a separate HARQ process and multiplexed in FDM. 

As per the agreement in the RAN1 NR ad-hoc meeting, RAN1 will specify all spec details mainly for channel bandwidth up to 100 MHz per NR carrier in Rel-15 and the CB BW confinement is mainly considered for cases that the bandwidth per NR carrier is much larger than 100 MHz.  In this regard, the support of the feature can continue to be investigated and be decided when the maximum channel bandwidth per NR carrier becomes clearer.
Proposal 3: CB bandwidth confinement
· RAN1 continues the investigation and can decide on the support of CB bandwidth confinement after the maximum channel bandwidth per NR carrier becomes clearer.
5 Conclusion 

This contribution has discussed the remaining wide bandwidth issues such as maximum FFT size, RF configuration and impacts, and code block (CB) bandwidth confinement, which impacts the NR HW implementations and RAN1 NR specification. Based on the discussions, we propose the followings:
Proposal 1: FFT size
· 8192 is the maximum FFT size for a single NR component carrier. 
· 4096 can also be considered in view of lower complexity.
Proposal 2: Wide bandwidth and UE RF capability
· A separate component carrier is configured for each of the RF chains in a UE, if multiple aggregated RF chains support the channel bandwidth.

· The maximum component carrier bandwidth with single RF chain is [100] MHz.

Proposal 3: CB bandwidth confinement
· RAN1 continues the investigation and can decide on the support of CB bandwidth confinement after the maximum channel bandwidth per NR carrier becomes clearer. 
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