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LS from RAN1 [1] indicates the agreement on the wideband operation in the following.
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands

In this paper, we discuss the wideband operation aspects and impacts to RAN4 NR specifications.

2	Discussion
2.1 Wideband operation in the NR via single carrier and multiple carriers
First, it is wort revisiting what is specified in LTE about wideband operation. In LTE, wideband operation is based on carrier aggregation of multiple transmission bandwidth configurations as illustrated in Figure 1.
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Figure 1: LTE wideband operation with intra-band carrier aggregation
From UE point of view, one of the transmission bandwidth configurations corresponds to Pcell, and others are Scell if carrier aggregation is used. If carrier aggregation is not used by UE, the UE only transmits or receives within Pcell transmission bandwidth. From BS point of view, this is a multicarrier operation. BS transmits or receiver in any transmission bandwidth within an aggregated transmission bandwidth configurations in in the base station RF bandwidth. Channel bandwidth is a RF bandwidth of the single component carrier, which could overlap each other if channel spacing is smaller than the channel bandwidth like in case of the nominal channel spacing for CA.

According to the LS from RAN1 [1], some UE can operate with a wideband CC but other UE operates with contiguous CCs in the NR. This can be illustrated in Figure 2.


Figure 2: NR wideband operation with wideband CC and contiguous CCs

There has been discussion on channel bandwidth, maximum channel bandwidth, and UE maximum bandwidth in RAN4#82bis. In the end, the maximum channel bandwidth was agreed as working assumption [2] in the following.
For bands below 6GHz
100MHz maximum CBW
or bands above 24GHz
400MHz maximum CBW
The terminology of channel bandwidth and UE maximum bandwidth were agreed in [3]. However, the relationship of CC, Wideband CC, channel bandwidth, and carrier aggregation, etc. still need more clarifications as the draft WF [4] was not finalized in the last meeting.
In principle, the concept of Figure 1 is still applicable in the NR, although some details such as DC carrier treatment needs to be changed. What makes the difference in the NR is that the aggregated channel bandwidth can be also used as a single carrier (i.e., wideband CC) by some of the UEs simultaneously while other UEs are in carrier aggregation. Thus, Figure 1 appears as a single carrier in Figure 2 for some UEs within the same bandwidth.
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Figure 2: LTE single carrier operation

Observation 1: The aggregation of multiple transmission bandwidth configurations should be supported in the same way as LTE for the NR.
Observation 2: The aggregated channel bandwidth (for some UEs) can be used as a single wider channel bandwidth (for other UEs).
Figure 3 summarize the possible wideband operation scenarios in the NR. The left figure is not different from LTE, while the right figure is new in the NR.


Figure 3: NR wideband operation scenarios (single carrier and multi carriers)

2.2 Channel spacing and guard band
According to RAN1 LS [1], it is beneficial to support zero guard band among CCs. In LTE carrier aggregation, the guard band (or unused subcarriers) are always present among CCs for the nominal channel spacing. Indeed, the use of minimum channel spacing is not precluded in LTE, which can achieve the zero guard-band for some combinations of channel bandwidths, but not all the bandwidth combinations can support zero guard-band.


Figure 4: Guard band among CCs
In order to achieve the zero guard-band within a wide band CC in the NR, the spacing among CCs shall be aligned so that each transmission bandwidth per CC is placed next to each other as shown in Figure 5. 


Figure 5: Zero guard band among CCs
The transmission bandwidth is smaller than the channel bandwidth, thus the channel spacing shall be smaller than the channel bandwidth. The CC spacing shall be at least a multiple of RB size to avoid the misalignment. It is not always possible to align each CC’s center frequency with 100kHz channel raster. This is already the case in LTE. On the other hand, for 180kHz raster, this is not the issue, as we discussed in our companion paper on channel raster [5].
Observation 3: For 100kHz channel raster, it is not always possible to achieve zero guard-band when aggregating multiple carriers. For 180kHz raster zero guard-band is always achievable. 

2.3 Terminologies for the NR
As discussed in 2.1, the principle of wideband operation is not much different from LTE. In LTE, both the channel bandwidth and transmission bandwidth configuration in the single carrier operation are common between UE and BS. The aggregated channel bandwidth in the carrier aggregation operation is common between UE and BS. This is not the case in the NR, i.e., 
· UE may use a narrower transmission bandwidth configuration within a BS transmission bandwidth configuration
· UE may use an aggregation of transmission bandwidth configurations within a BS transmission bandwidth configuration
This aspect needs to be carefully implemented in RAN4 specifications. For example, when we call a channel in UE spec, it may not be a channel from BS perspective but rather a band part (or sub channel), which may not contain PSS/SSS/PBCH within a bandwidth. This shall be specified transparently in RAN4 specs. Other than this, most terminologies can be reused from the existing specs. Table 1 is the related definitions taken from UE and BS specifications.
Table 1: Spectrum related terminologies in 36.101 and 36.104.
	
	36.101
	36.104

	Aggregated Channel Bandwidth
	The RF bandwidth in which a UE transmits and receives multiple contiguously aggregated carriers.
	RF bandwidth in which a base station transmits and/or receives multiple contiguously aggregated carriers.

	Aggregated Transmission Bandwidth Configuration
	The number of resource block allocated within the aggregated channel bandwidth.
	

	Base Station RF Bandwidth

	
	RF bandwidth in which a base station transmits and/or receives single or multiple carrier(s) within a supported operating band.

	Base Station RF Bandwidth edge
	
	frequency of one of the edges of the Base Station RF Bandwidth.

	Carrier
	
	modulated waveform conveying the E-UTRA or UTRA physical channels

	Carrier aggregation
	Aggregation of two or more component carriers in order to support wider transmission bandwidths.
	aggregation of two or more component carriers in order to support wider transmission bandwidths

	Carrier aggregation band
	A set of one or more operating bands across which multiple carriers are aggregated with a specific set of technical requirements.
	a set of one or more operating bands across which multiple carriers are aggregated with a specific set of technical requirements.

	Carrier aggregation bandwidth class
	A class defined by the aggregated transmission bandwidth configuration and maximum number of component carriers supported by a UE.
	

	Carrier aggregation configuration
	A combination of CA operating band(s) and CA bandwidth class(es) supported by a UE.
	

	Channel bandwidth
	The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
	RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell.

	Channel edge
	The lowest and highest frequency of the carrier, separated by the channel bandwidth.
	

	Contiguous carriers
	A set of two or more carriers configured in a spectrum block where there are no RF requirements based on co-existence for un-coordinated operation within the spectrum block.
	set of two or more carriers configured in a spectrum block where there are no RF requirements based on co-existence for un-coordinated operation within the spectrum block.

	Contiguous spectrum
	Spectrum consisting of a contiguous block of spectrum with no sub-block gaps.
	spectrum consisting of a contiguous block of spectrum with no sub-block gap(s).

	Highest carrier: 
	
	carrier with the highest carrier centre frequency transmitted/received in a specified operating band.

	Inter RF Bandwidth gap
	
	frequency gap between two consecutive Base Station RF Bandwidths that are placed within two supported operating bands.

	Inter-band carrier aggregation
	Carrier aggregation of component carriers in different operating bands.
	carrier aggregation of component carriers in different operating bands.

	Inter-band gap
	
	The frequency gap between two supported consecutive operating bands.

	Intra-band contiguous carrier aggregation
	Contiguous carriers aggregated in the same operating band.
	contiguous carriers aggregated in the same operating band.

	Intra-band non-contiguous carrier aggregation
	Non-contiguous carriers aggregated in the same operating band.
	non-contiguous carriers aggregated in the same operating band.

	Lower sub-block edge
	The frequency at the lower edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.
	frequency at the lower edge of one sub-block.

	Lowest carrier
	
	carrier with the lowest carrier centre frequency transmitted/received in a specified operating band.

	Non-contiguous spectrum
	Spectrum consisting of two or more sub-blocks separated by sub-block gap(s).
	spectrum consisting of two or more sub-blocks separated by sub-block gap(s).

	Radio Bandwidth
	
	frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier.

	Sub-band
	
	A sub-band of an operating band contains a part of the uplink and downlink frequency range of the operating band.

	Sub-block
	This is one contiguous allocated block of spectrum for transmission and reception by the same UE. There may be multiple instances of sub-blocks within an RF bandwidth.
	one contiguous allocated block of spectrum for transmission and reception by the same base station.

	Sub-block bandwidth
	The bandwidth of one sub-block.
	bandwidth of one sub-block.

	Sub-block gap
	A frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation.
	frequency gap between two consecutive sub-blocks within a Bae Station RF Bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation.

	Transmission bandwidth
	
	RF Bandwidth of an instantaneous transmission from a UE or BS, measured in resource block units.

	Transmission bandwidth configuration
	
	highest transmission bandwidth allowed for uplink or downlink in a given channel bandwidth, measured in resource block units.

	Upper sub-block edge
	
	frequency at the upper edge of one sub-block.



Observation 4: Spectrum related terminologies in E-UTRA specs can be mostly reused in the NR.

2.4 Forward compatibility on channel bandwidth
In [4], the forward compatibility aspect of the channel bandwidth has been discussed regarding the wideband operation, in which the following proposals were made.
· Addition of new maximum channel bandwidths is allowed in future releases
· NR design should ensure forward compatibility, send LS to RAN1/2 to inform about this agreement
· All defined channel bandwidths should be supportable by at least one type of UE and will be defined in the UE specs. Implementation of channel bandwidths in the specs will be done in order to minimize market fragmentation of UE.
· FFS: Whether a fixed subset of all combinations of aggregations of potential Channel Bandwidths are specified for the BS, or whether the contiguous operated bandwidth is fully flexible for the BS, e.g. more granular than the minimum defined channel bandwidth. However a fixed subset will be tested.
· The set of channel bandwidths for the UE and max Channel Bandwidth for the UE and BS, will be band and SCS specific and can be different for UL & DL
· The maximum RF bandwidth supportable by BS can be larger than the maximum channel bandwidth
We propose a further clarification is to make them clear. For example, the bullet on FFS is not clear enough regarding what is to be done to the specification. We understand that the new channel bandwidth may be added per operator request in future releases. In summary, the following modification is proposed with more clear intent into RAN4 specification.
Observation 5: The proposals in [R4-1704412] should be modified in the following.
· Addition of wider channel bandwidths than specified in Rel-15 is allowed in future releases
· NR design should ensure forward compatibility, send LS to RAN1/2 to inform about this agreement
· All defined channel bandwidths should be supportable by at least one type of UE capability.
· UE shall support any Rel-15 channel bandwidth that is smaller than its UE supported maximum channel bandwidth.
· The set of channel bandwidths specified in Rel-15 shall be the same in UE and BS specs. It will be band and SCS specific. 
· The maximum channel bandwidth supported by UE can be different for UL & DL and SCS specific.
· Base station RF bandwidth can be larger than the largest channel bandwidth specified in Rel-15.

3	Conclusion
Observation 1: The aggregation of multiple transmission bandwidth configurations should be supported in the same way as LTE for the NR.
Observation 2: The aggregated channel bandwidth (for some UEs) can be used as a single wider channel bandwidth (for other UEs).
Observation 3: For 100kHz channel raster, it is not always possible to achieve zero guard-band when aggregating multiple carriers. For 180kHz raster zero guard-band is always achievable. 
Observation 4: Spectrum related terminologies in E-UTRA specs can be mostly reused in the NR.
Observation 5: The proposals in [R4-1704412] should be modified in the following.
· Addition of wider channel bandwidths than specified in Rel-15 is allowed in future releases
· NR design should ensure forward compatibility, send LS to RAN1/2 to inform about this agreement
· All defined channel bandwidths should be supportable by at least one type of UE capability.
· UE shall support any Rel-15 channel bandwidth that is smaller than its UE supported maximum channel bandwidth.
· The set of channel bandwidths specified in Rel-15 shall be the same in UE and BS specs. It will be band and SCS specific. 
· The maximum channel bandwidth supported by UE can be different for UL & DL and SCS specific.
· Base station RF bandwidth can be larger than the largest channel bandwidth specified in Rel-15.
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