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1
Introduction
Discussions on mandatory UE bandwidth support in NR have resulted in a number of agreements, but clarification of UE bandwidth support under different scenarios of utilizing the bandwidth (whether as a single carrier or as aggregated bandwidth parts) is still missing. This contribution examines these scenarios and shares our views on the related definitions and potential requirements.
2
Discussion
2.1
Background
RAN4 captured the following initial agreements channel bandwidth during the RAN4 #83 meeting [2]:
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The following RAN4 agreement on channel bandwidth terminology were made during the RAN4 #84 meeting [3]:
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RAN4 further made the following agreements on UE mandatory channel bandwidth [4]:
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An LS from RAN1 has summarized the agreements related to bandwidth part operation in NR [5]:
	RAN1#88

Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth


	RAN1#88bis

Agreement:
· For single-carrier operation,

· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE

· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD

· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation

Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM


	RAN1#89

Agreements:
· Confirm the WA of RAN1#88bis.

· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)

· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration

· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations

· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 

· It does not imply that it is required for UE to support different numerologies at the same instance.

· FFS: TB to bandwidth part mapping

· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.

· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements:
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
· Details FFS


	RAN1 NR AH#2

Observation:

· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part

· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same

Agreement:
· Primary focus is to complete the single active bandwidth part case

· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.
Agreement:
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS

· For TDD, separate sets of BWP configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS

· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL

Agreement:
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier

· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time

· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space

Agreement:
· In configuration of a BWP,

· A UE is configured with BWP in terms of PRBs. 

· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.

· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.

· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern


2.2
Single carrier UE operation

We first examine the case of single carrier UE operation within an NR band. In this situation there are two possibilities: the UE maximum supported channel bandwidth equals to the BS channel bandwidth or the UE maximum supported bandwidth is less than the BS channel bandwidth. The first case resembles LTE operation today, where the UE BW = BS BW. The second case resembles eMTC operation within LTE, where the BS scheduler takes care of resource allocation for a UE which supports narrower bandwidth than the cell.
It is useful to identify this single carrier maximum bandwidth UE capability separately from aggregated carrier operation.

Proposal 1: UE maximum single-carrier channel bandwidth is defined as a UE capability.
The RAN4 agreement has already captured that this capability is frequency dependent and that it is FFS whether the capability is per band or a group of bands. Since the UE is expected to inform the network of its maximum channel bandwidth capability after acquiring the cell’s system information, it is reasonable to assume that this signalled capability applies to the band on which the UE is operating.
Proposal 2: The UE maximum single-carrier channel bandwidth capability is defined per band.
Further, it is necessary to align with past RAN4 agreements on asymmetric UL/DL bandwidth capabilities.

Proposal 3: The UE maximum single-carrier channel bandwidth capability is defined separately for UL and DL.
2.3
Aggregated carrier UE operation within a single BS component carrier

The next scenario to consider is the case of a UE aggregating spectrum within a single BS component carrier. No clear terminology has been defined in RAN4 to distinguish this case from the carrier aggregation concept as it was defined in LTE. The key distinction between this case and CA operation is in the UE configuration, resource allocation procedures, and in the applicable UE requirements.
As described in the related RAN1 agreements on bandwidth part operation in NR, it is useful to adopt the term in RAN4 requirements as well in order to distinguish this case from intra-band CA. Further, examining the initial RAN4 agreements on bandwidth capabilities in general we note that the “UE should indicate to gNB its bandwidth capability and how it supports this bandwidth.” Thus, it is necessary to define a UE capability associated with the aggregation of bandwidth parts.
As seen from the RAN1 agreements, the maximum bandwidth of a bandwidth part shall not exceed the UE maximum single-carrier channel bandwidth capability. If the UE can support the aggregation of multiple bandwidth parts, the network needs to know the maximum number of bandwidth part configurations the UE can receive.
Proposal 4: The maximum number of bandwidth part configurations the UE can receive from the network is defined as a UE capability.
Further, it is necessary to align with past RAN4 agreements on asymmetric UL/DL bandwidth capabilities.

Proposal 5: The UE capability of the maximum number of supported bandwidth part configurations is defined separately for UL and DL.
Supposing we have a UE operating within a BS component carrier with the capability of supporting multiple bandwidth part configurations, the network may activate one or multiple bandwidth parts. We observe that RAN1 has reached an agreement to prioritize the single active bandwidth part case.
Proposal 6: RAN4 develops Rel-15 UE requirements assuming the single active bandwidth part case.

2.4
Aggregated carrier UE operation across multiple BS component carriers

UE aggregation of spectrum across multiple BS component carriers (whether intra-band or inter-band) is well understood and specified in LTE as intra-band and inter-band CA, respectively.
Proposal 7: UE aggregation of spectrum across multiple BS component carriers (whether intra-band or inter-band) is specified as carrier aggregation in the same way as LTE CA.
3
Conclusions

This contribution has discussed the topic of UE bandwidth support under different scenarios of utilizing the bandwidth. The following proposals have been made:
Proposal 1: UE maximum single-carrier channel bandwidth is defined as a UE capability.

Proposal 2: The UE maximum single-carrier channel bandwidth capability is defined per band.

Proposal 3: The UE maximum single-carrier channel bandwidth capability is defined separately for UL and DL.
Proposal 4: The maximum number of bandwidth part configurations the UE can receive from the network is defined as a UE capability.

Proposal 5: The UE capability of the maximum number of supported bandwidth part configurations is defined separately for UL and DL.

Proposal 6: RAN4 develops Rel-15 UE requirements assuming the single active bandwidth part case.

Proposal 7: UE aggregation of spectrum across multiple BS component carriers (whether intra-band or inter-band) is specified as carrier aggregation in the same way as LTE CA.
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UE is allowed to aggregate channel bandwidths to operate within a gNB configurable CHBW that is higher than the maximum bandwidth supported by the UE


For example, a 400MHz UE that does not support 400MHz channel bandwidth can support 2x200MHz or 4x100MHz even if the gNB could configure 400MHz channel bandwidth


Each CC bandwidth is from the set of channel bandwidths defined for that band


UE should indicate to gNB its bandwidth capability and how it supports this bandwidth (e.g. what CA combination)


Signaling details are FFS


Which aggregated channel bandwidth combinations are allowed is FFS, BS complexity should be considered





Separate terms for “UE channel bandwidth” and “BS channel bandwidth”


The definition of UE channel bandwidth and BS channel bandwidth may remain as today or be revised. Proposals for definitions should be made in RAN4 AH#3





UE maximum channel bandwidth is a UE capability.


It is FFS if the UE capability is per band or a group of bands (such as sub6 and mmWave)


UE shall meet either a single carrier or CA based RF requirements for the channel bandwidths in Slide #3-#4 that is equal to or smaller than UE maximum channel bandwidth for any SCS.


RAN4 should agree some threshold value for which BW’s should be supported by single CC configuration. 
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