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1 Introduction

During RAN4#82bis there was extensive discussion on definition of bandwidth related terminology. A WF was agreed in [1] capturing the following definitions:
· Channel bandwidth (CBW): Operating contiguous BW supported by gNB (1CC) in which UE is operated.
· UE Maximum Bandwidth (UMBW): Maximum aggregated bandwidth which a NR UE can transmit and/or receive.
Furthermore, it was agreed that the minimum channel bandwidth should be respectively 5MHz and 50MHz for range 1 & range 2, and the respective maximum bandwidths 100MHz and 400MHz. Also extensively discussed was the possibility of some UEs achieving the maximum bandwidth using Carrier Aggregation (CA).

New concepts are proposed with respect to Carrier Aggregation and the placement of UE carriers within BS spectrum, and the existing terminology is not fully suitable for describing these concepts. This paper provides an overview of the existing terminology in relation to bandwidths in the UE and BS specifications and discusses where new definitions may be needed. A companion paper [2] reviews the proposed new bandwidth and CA related concepts.
2 E-UTRA bandwidth related definitions
E-UTRA and MSR Basestation requirements are captured in 36.104 and 37.104. The following terms are defined in the basestation specifications:

Base Station RF bandwidth: The bandwidth in which a base station transmits and/or receives single or multiple carrier(s) and/or RATs simultaneously within a supported operating band
NOTE:
In single carrier operation, the Base Station RF bandwidth is equal to the channel bandwidth.
Base Station RF bandwidth edge: The frequency of one of the edges of the Base Station RF bandwidth
Carrier: The modulated waveform conveying the E-UTRA, UTRA or GSM/EDGE physical channels
Channel bandwidth: The bandwidth supporting a single E-UTRA, UTRA or GSM/EDGE 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.

reference point for transmitter and receiver requirements.

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.
Maximum Base Station RF bandwidth: The maximum RF bandwidth supported by a BS within each supported operating band.
NOTE:
The Maximum Base Station RF bandwidth for BS configured for contiguous and non-contiguous operation within each supported operating band is declared separately.

Radio bandwidth: Frequency difference between the upper edge of the highest used carrier and the lower edge of the lowest used carrier.
Sub-block: This is one contiguous allocated block of spectrum for use by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth.

Sub-block bandwidth: The 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.

Transmission bandwidth: Bandwidth of an instantaneous E-UTRA transmission from a UE or BS, measured in Resource Block units.

Thus from a basestation perspective, the terminology works in the following hierarchical fashion (per band):
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Within a band, the basestation is configured with a BS RF bandwidth. The BS RF bandwidth needs to be lower than the maximum BS RF bandwidth. The configured BS RF bandwidth is made up of one or more subblocks. The bandwidth of each of the subblocks is called the subblock bandwidth, and the gap between the subblocks (in which the BS does not transmit) is called the subblock gap.

Within each subblock, a number of carriers are configured. Each carrier has it’s own channel bandwidth.

UEs are scheduled on each carrier. The scheduler makes instantaneous decisions on allocating RBs within each carrier to individual UEs. The instantaneously allocated sets of RBs are called the transmission bandwidth.

In the UE specification 36.101, the following terminology is defined:

Aggregated Channel Bandwidth: The RF bandwidth in which a UE transmits and receives multiple contiguously aggregated carriers.
Aggregated Transmission Bandwidth Configuration: The number of resource block allocated within the aggregated channel bandwidth.
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.

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.
Contiguous resource allocation: A resource allocation of consecutive resource blocks within one carrier or across contiguously aggregated carriers. The gap between contiguously aggregated carriers due to the nominal channel spacing is allowed.

Contiguous spectrum: Spectrum consisting of a contiguous block of spectrum with no sub-block gaps.

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

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.
Sub-block bandwidth: The 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.

Thus the UE terminology works in the following hierarchical manner:
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The UE is configured with a carrier aggregation combination. The carrier aggregation combination consists of one or more subblocks. Each subblock is associated with a sub-block bandwidth. Within each subblock is configured one or more contiguous carriers. Each carrier is associated with a channel bandwidth.
It is of interest to compare which parameters apply to the BS only, which parameters are configured by the BS and applicable to all UEs and which parameters are configured by the BS and applicable to individual UEs.

For E-UTRA, when operating a carrier, all UEs have to operate the full carrier bandwidth and assume that the carrier is in the same position. Thus for each CC the channel bandwidth and bandwidth edge parameters need to be common for the BS and all UEs.

The carrier aggregation combination is configured by the BS individually for each UEs. Thus the carrier aggregation combination and the UE view of subblocks and subblock bandwidth is UE specific and individual UE. The BS subblocks relate to all subblocks transmitted by the BS.
No individual UE needs to know the BS RF bandwidth or the BS view of which subblocks are configured. Thus the BS subblock related parameters and also the BS RF bandwidth are known to the BS only.

	Parameter
	Known to BS ?
	Known to UE ?
	Same for BS and UE ?

	BS RF bandwidth
	Yes
	No
	-

	Subblock bandwidth
	Yes
	UE specific subblock bandwidths known
	No. BS subblock configuration is all configured subblocks. UE subblock configuration is the subblocks of the UE specific CA configuration.

	Channel bandwidth
	Yes
	Yes, for configured CCs
	Yes

	Transmission bandwidth
	Yes
	Yes, for instantaneous UE specific allocation
	Yes, UE specific


Observation 1: The term subblock, subblock bandwidth etc. are defined in both the BS and UE specs. However the size and location of subblocks can differ between the BS view and the UE view. The terms “BS subblock”, “UE subblock” would be more clear.
3 Applicability of terminology to NR
For NR, as described in [1], there is an intention to enable UEs to receive a carrier even though they do not support the bandwidth of the carrier. Furthermore, the position of the SS and control channels within a carrier may vary from carrier to carrier and not be in the centre of the carrier. The illustration of the position of the SS here is for illustration only; design of the SS raster is not within the scope of this paper.
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In addition, it has been proposed that some UEs may support a given bandwidth using CA, whereas other UEs may support the bandwidth as a single carrier. 
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To find suitable terminology for describing such scenarios, it is worthwhile to re-examine the definition of a carrier, since the view of the position and bandwidth of carriers will no longer be common for all UEs. An important characteristic of a carrier is that it is transmitter & received with a single FFT, and for this all subcarriers must be coherent. (Usually, coherence between subcarriers is achieved by transmitting the whole carrier though the same RF chain, although such an architecture is not an absolute necessity).

It is also possible that several carriers may be coherent, but still individual carriers. Thus it may be desirable to further state that a carrier has self-contained data transmissions (although the definition may need further clarification depending on RAN1 and RAN2 channel structures).

Proposal 1: For NR, a carrier is tentatively defined as a group of subcarriers that are coherently transmitted and received and over which a self-contained data channel transmission can be made.

If the NR proposals would be adopted, then the configured carrier bandwidth would become a UE specific parameter and not common to all UEs, as is the case for E-UTRA.
Observation 2: For NR, carrier bandwidth (and associated upper and lower edges) could be UE specific parameters.

Due to the requirement for all subcarriers to be coherent, it is not the case that either the UE or the BS will be able to position carriers at arbitrary positions with arbitrary bandwidths within a band. If carriers would be positioned such that they would cross different non-coherent RF chains, then they may no longer be coherent.
It is useful to define a set of all possible carrier positions that can be configured in a UE and in a BS. These will be BS and UE specific capabilities.
Proposal 2: Define the term BS carrier capability set as the set of all possible carrier positions and bandwidths supported in a band by the BS.

Proposal 3: Define the term UE carrier capability set as the set of all possible carrier positions and bandwidths supported in a band by the UE.
It is important that the BS carrier capability set and the UE carrier capability set have at least some combinations in common. For this reason, it is further useful to define a maximum set of carrier capabilities within a band. Both the BS carrier capability set and the UE carrier capability set will need to be subsets of this maximum carrier capability set.

Proposal 4: Define maximum carrier capability set as the maximum set of possible carrier positions and bandwidths within a band.

Proposal 5: Both UE carrier capability set and BS carrier capability set need to be a subset of the maximum carrier capability set.

It is also important that the BS carrier capability set and UE carrier capability set at least partially coincide, otherwise the BS will not be able to communicate with the UE. To enable this, it may be necessary to introduce a minimum carrier capability set.

Proposal 6: Consider to introduce a term minimum carrier capability set to describe the minimum set of carrier bandwidth and position capabilities in a band that has to be supported by the UE.
Finally, we compare the terminology with the terms that were defined in [1] in the last meeting. Our understanding as follows:

Observation 3: Channel bandwidth as defined as CBW in [1] is equivalent to the definitions of channel bandwidth in 36.101 and 36/37.104.

Observation 4: UEMBW as defined in [1] is the widest set of aggregated carrier bandwidths supported by the UE.

Proposal: Observations 3 and 4 should be confirmed by RAN4 so that the terminology is understood.
4 Conclusion

This paper has reviewed the terminology related to describing carriers and bandwidth defined in the BS and UE specifications. For describing the concepts proposed for NR, some adjustment of terminology and new terminology is useful.

It is proposed to re-use the terminology from the specifications together with the proposed additional terminology for reviewing and discussing the NR proposals.

The proposals in this paper are not intended to support the NR proposals as described in [2], and adoption of the terminology for the discussion does not imply that the proposals themselves or the terminology will be adopted into the eventual specifications. However by using a common terminology, discussion and decision on the NR related proposals will be facilitated.
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