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1. Introduction
In the previous RAN4 #84 meeting and AH #3 meeting, the WF on further clarification on the wideband operation was discussed in [2][9], however, there was different understanding for the RAN1 agreements on wideband operation. So, in this contribution, we try to make the common understanding for the wideband operation based on detail RAN1 agreements, also we propose our view how to specify the wideband operation RF requirements in Rel-15 as RAN4 perspectives.
2. Wideband operation agreements in RAN1
Before providing our views for discussion point in WF, we need to make common understanding for wideband operation. So I captured some significant RAN1 agreements during 4 meetings cycles in RAN1 meeting.

RAN1 #88bis:
Agreement:

· 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

Working assumption: ( this WA are agreed in RAN1 #89 meeting

· 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)

RAN1 #89:
Agreements:

· Confirm the WA of RAN1#88bis.

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

· 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

· 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:

· 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) ( DCI based explicit indication was agreed in RAN1
· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS

RAN1 AH2 (June):
Agreement:

· Primary focus is to complete the single active bandwidth part case ( Only one BWP per UE
· 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

RAN1 #90:
Agreements:

· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

Based on RAN1 agreements, the bandwidth part (BWP) will be configured from gNB per CC which is simultaneously operated by gNB to support multiple UEs.
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE

RAN1 AH3 (September):
Agreement:

· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions

· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design
· For NR CA:

· If CIF is present in DCI, the bitwidth is fixed at 3 bit

· Note: BWP index (if available) is always a separate information field

· FFS detailed conditions for CIF presence
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell

· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)

Based on the agreements on the wideband operation, we can described one example scenario as shown in Figure 1. 
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Figure1. Corner scenario of wideband operation in rel-15
This is for mmWave use case to support 1GHz aggregated bandwidth for both gNB and UE perspectives. Some UEs has restricted maximal supported BW capability per single CC such as the maximum supported CBW per CC is 200MHz for UE1. However gNB signalled the configured BWP is 100MHz by DCI to UE1.

Other UEs have different BWP from gNB as shown in Figure 1. The configured BWP can be equal or smaller than the maximal bandwidth capability of each UE based on RAN1 agreements.
From the Figure 1, RAN4 only need to make additional UE RF requirements for wideband operation in the use case of UE1. The other UE RF requirements can be follow UE RF requirements for single CC in UE perspective.
However, RAN1 prioritize the single activate BWP per UE in RAN1 NR AH #2 and #3 meeting as below.
· Primary focus is to complete the single active bandwidth part case ( One BWP per CC in a single cell
· 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.

· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Based on RAN1 agreements the BWP and RAN4 work load to complete SA UE RF requirements in time, RAN4 focus on the next scenarios for the aggregated carrier UE operation across multiple gNB CCs in UE aspect in rel-15 as shown in Figure2.

[image: image2.png]Information: Aggregated carrier UE operation across multiple BS CCs

* Max. supported CBW of UE1 is 400MHz, just shown here for example
1GHz

gNB CC1 (400MHz) CC2 (400MHz) CC3 (200MHz)

UE2  UEZ  UE4 UES

UEs UE1 (400MHz) UE1 (400MHz) (SOMH  (SOMH | (SOMH (SOMH

2 2 2) 2

or

UEs UE1 (400MHz) UE1 (400MHz) UE1 (200MHz)

* Base on RAN1 agreement, activated BWP is single in a serving cell for UE
* RAN4 focus on UE RF requirements for Intra-band contiguous CA in rel-15





Figure2. Intra-band contiguous CA operation in UE at mmWave in rel-15
We believe the wideband operation is sub-set of carrier aggregation which is applicable for UE with restricted capability to support wide band aggregation specially. 
If UE can support the maximum CBW as 400MHz (SCS 120kHz) per CC at mmWave, then RAN4 should specify the related UE RF requirements for activate aggregated bandwidth. 
Proposal 1: Based on RAN1 agreements and RAN4 work load in rel-15, RAN4 should focus on UE RF requirements for activate aggregated BW across multiple BS CCs.
The next section is for detail UE RF requirements for wideband operations and intra-band contiguous CA in rel-15 as RAN4 perspective.
3. Detail wideband operation requirements in rel-15
For wideband operation in rel-15, RAN4 only consider one activate BWP in a serving cell. So the single UE RF requirements will be used for single BWP operation in UE aspects. Hence it is not necessary for additional UE RF requirements for wideband operation in rel-15. RAN4 just focus on intra-band contiguous CA operation as shown in Figure 2. 
Based on above observation, we propose the wideband operation requirements as below
· In UE aspect, no additional UE requirements in rel-15
· Single carrier UE operation within a serving cell
· UE requirement is the same as single carrier ones.
· Multiple active BWPs within a serving cell
· Corner scenario in Rel-15
· Whether new requirements are needed can be discussed based on RAN1 agreements
· In gNB aspect, no additional gNB requirements in rel-15
Also, the spectrum utilization of wideband operation is proposed as below

· In gNB aspect, SU of the wideband operation was agreed at RAN4 #84 meeting as below :
· Spectrum utilization should be defined as the same as single channel bandwidth regardless of how UE supports the wideband 
· In UE aspect, SU follow as same the SU of single CC of each operating NR Band in rel-15. 
· SU of aggregated CHBW w/ multiple active BWPs will be discussed in future.
· Spectrum utilization of intra-band contiguous carrier aggregation is FFS.
Based on this WF, we propose as follow 
Proposal 2: In rel-15 time frame, the additional BS/UE RF requirements are not expected to support for wideband operation. Also the SU of UE for wideband operation should be defined as same the SU of single CC. 

4. Conclusion
In this contribution, we provided our views on wideband operation of Rel-15 NR. Based on the our analysis, we proposed as below
Proposal 1: Based on RAN1 agreements and RAN4 work load in rel-15, RAN4 should focus on UE RF requirements for activate aggregated BW across multiple BS CCs.
Proposal 2: In rel-15 time frame, the additional BS/UE RF requirements are not expected to support for wideband operation. Also the SU of UE for wideband operation should be defined as same the SU of single CC. 
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