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1. Introduction
In the last RAN4 #84 meeting in Berlin, the WF on further clarification on the wideband operation was discussed in [1], 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

One example scenario for wideband operation is shown in Figure 1. 
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Figure1. Deprioritized scenario of wideband operation at mmW
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 meeting as below.
· 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.

Also, the multiple active BWP case will be further discussed for multiple numerologies. Currently, RAN1 did not consider the multiple active BWPs for single numerology in NR system.
Therefore, RAN4 focus on the next scenarios for UE wideband operation in rel-15 as shown in Figure2.
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Figure2. Use cases for UE wideband operations at mmWave in rel-15
This wideband operation is quite similar CA as LTE system. 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. This approach for wideband operation will be applied at both range 1 and range 2.
Proposal 1: Based on RAN1 agreements, RAN4 should focus on UE RF requirements for activate aggregated BW in inter CCs for wideband operation.
The next section is for detail UE RF requirements for wideband operations.
3. Discussion on aggregated wideband operation

For the operating bands using 100 kHz channel raster, RAN 4 should consider non-zero GB as baseline for these operating bands which was used in LTE CA system. For such cases, RAN4 need to consider minimum GB concept in Band 41 used in LTE system as baseline to maximize spectral utilization. 

For the operating bands using RB based channel raster, zero GB can be achievable for all bandwidth configurations. Thus, the NR UEs with zero GB will be maximized the spectrum utilization as single wideband operation for some operating bands. 
In our understanding, wideband operation in UE can be treated such as intra-band contiguous CA in LTE. In LTE, some amount (nominal or minimum) of GB is used at both CCs which are perfectly synchronized. However, in NR, the zero GB should be considered as much as possible regarding NR design target in RAN1. 
Thus we would like to focus on wideband operation with zero GB for new NR bands in both range 1 and range2, and focus on wideband operation with minimum GB between CCs for LTE re-farming bands.
In the WF [1], there are 5 questions for clarification of aggregated wideband operation. The first question is related for the spectrum utilization for wideband operation as below
· Q1: Spectrum Utilization in wideband operation
· What is the spectrum utilization (or transmission bandwidth) in aggregated bandwidth?
· Is it the same as the single channel bandwidth?

· What is the spectrum utilization for the aggregated bandwidth more than the maximum channel bandwidth?

In wideband operation, we think that spectrum Utilization (SU) of gNB and UE should be applied to all aggregated bandwidth considering zero GB as baseline for NR new bands. 
Considering wideband operation, SU might be changed since non-linearity can be impact on its emission performance especially in wideband transmission. Anyway, it is difficult to define SU for the all combination of aggregated CBW. Thus, we think that gNB and UE should at least guarantee that SU of aggregated wideband will be equal to or greater than the SU of single CC which is not exceed the aggregated bandwidth.
For example, if 2CCs are aggregated with CC1 (20MHz) and CC2 (25MHz), then the SU of 45MHz CBW is equal to or larger than the percentage of the SU of 40MHz CBW.
· Ex1) Aggregated CBW 45MHz w/ 15kHz SCS = 20MHz+ 25MHz, the minimum SU is 243 RBs

· Step1: The SU of 40MHz is 216/222 = 97.29% 

· Step2: The SU of 45MHz is X/250 >= 97.29%
· Step3: X >= 243 RBs for 45MHz aggregated CBW

The second example is for the aggregated BW more than the max. CBW of single CC. 
· Ex2) Aggregated CBW 150MHz w/ 30kHz SCS = 50MHz+ 100MHz, the minimum SU is 410 RBs

· Step1: The SU of 100MHz is 273/277 = 98.556% 

· Step2: The SU of 150MHz is X/416 >= 98.556%
· Step3: X >= 410 RBs for 150MHz aggregated CBW

Therefore, we can derive the SU of aggregated bandwidth for all of aggregated combination bandwidth. 
Table 1: Agreed Spectrum utilization in Sub-6GHz
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	[79]
	[106]
	[133,135]
	[216]
	270
	N.A
	N.A
	N.A

	30
	[11]
	[24]
	[38]
	[51,52]
	[65] 
	[106]
	133
	[162]
	[217]
	[273]

	60
	N.A
	[11, 12]
	[18]
	[24]
	[31, 32]
	[51, 52]
	[65]
	[79]
	[107]
	[135]


Considering test complexity and test case, we provide our answer as below

Q1: What is the spectrum utilization (or transmission bandwidth) in aggregated bandwidth?
· Ans.: gNB and UE should at least guarantee that SU of aggregated wideband will be equal to or greater than the SU of single CC which is not exceed the aggregated bandwidth.
Based on the answer, we propose as below

Proposal 2: RAN4 can derive the spectrum utilization for all the aggregated CBW based on above 3step calculation 
The next issue is for the GB for aggregated wideband operations. This is already agreed as channel raster agreements in RAN4 [2] that zero GB will be considered for the NR new bands in both range 1 and range 2. Also the minimal GB as LTE system will be considered for the LTE reframing bands.
The third issue is for the RF requirements for aggregated wideband operations.
· RF requirements for aggregated wideband operation
· What RF requirement for UE and BS is specified for wideband operation?
· Is it the same as the single channel bandwidth?

· Is it based on zero guard band or is it based on a particular component carrier spacing?

Currently, RAN4 agreed to evaluate the MPR requirements for contiguous allocation as first priority comparing to non-contiguous RB allocation in intra-band wideband operation. So we can reuse the principle of LTE system for intra-band wideband operation in NR system. 

For the intra-band contiguous wideband aggregation, RAN4 can reuse the principle to address UE RF requirements for intra-band contiguous CA in LTE system as shown in Table 2. 

Table 2: Candidate UE RF requirements for Intra-band contiguous wideband operation
	Description
	Intra-band contiguous wideband operation

	Wideband Bandwidth Class
	Only define aggregated Transmission BW w/ minimum or zero GB

	Channel spacing
	- Minimum channel spacing for 100kHz channel raster in LTE refarming bands

- Zero channel spacing for RB based channel raster for new NR band

	UE maximum output power
	Support PC2 and PC3 for total aggregated CBW

	MPR
	- Range 1: CC1(100MHz) + CC2 (100MHz) 

- Range 2: CC2(400MHz) + CC2 (400MHz) 

Need MPR evaluate for contiguous RB allocation and multi-clustered RB allocation for both DFT-OFDM and CP-OFDM waveform

	A-MPR
	Need more time for A-MPR to protected bands in adjacent freq. based on regulation

	Configured transmitted Power
	Define configured Tx power Per UE based 
- Range 1: Consider Power sharing mechanism

- Range 2: Consider OTA power for total aggregated CBW

	UE Minimum output power
	Define Per CC

	UE Transmit OFF power
	Define per CC

	ON/OFF time mask
	Define per CC

	Power control
	Define per CC

	Frequency error
	Only Define PCC for frequency error

	Transmit modulation quality
	- EVM Per CC

- Carrier leakage : per CC

- In-band emission: Apply within total aggregated CBW when both CCs are active

	Adjacent Channel Leakage Ratio
	Define same principle as LTE system for total aggregated CBW

	SEM
	- Range 1: follow same LTE rule to make SEM requirements levels

- Range 2: reuse OOB region is 2x total aggregated CBW at mmWave

	Spurious Emission
	- Range 1: follow same LTE rule for General SE levels

- Range 2: follow RAN4 decision and reuse for general SE at Single CC

	Transmit intermodulation
	Follow same LTE rule for total aggregated CBW


For the UE RF requirements of intra-band contiguous wideband operation, we can make wideband bandwidth class for NSA UE operation. This information will be used beneficially for NSA UE in eNB scheduler.

The wideband bandwidth class can be defined as below Table 3.
Table 3: Wideband bandwidth classes and corresponding guard bands

	Wideband

 Bandwidth Class
	Aggregated Transmission Bandwidth (MHz)
	Minimal or Zero Guard Band BWGB


	NA
	CBWTotal_agg ≤ 20
	FFS

	NB
	20 < CBWTotal_agg ≤ 40
	FFS

	NC
	40 < CBWTotal_agg ≤ 60
	FFS

	ND
	60 < CBWTotal_agg ≤ 80
	FFS

	NE
	80 < CBWTotal_agg ≤ 100
	FFS

	NF
	100 < CBWTotal_agg ≤ 200
	FFS

	NG
	200 < CBWTotal_agg ≤ 400
	FFS

	NH
	400 < CBWTotal_agg ≤ 600
	FFS

	NI
	600 < CBWTotal_agg ≤ 800
	FFS

	NG
	800 < CBWTotal_agg ≤ 1000
	FFS


    The number of CC is not necessary for wideband operation since UE could support variable CBW combination for the aggregated CBW. 
For frequency bands using 100 kHz raster, same minimum GB from LTE should be reused. Thus, intra-band contiguous CA based RF requirement can be applicable to LTE re-farming bands.

For frequency bands using RB based raster, above RF requirement can be applied to all total aggregated bandwidth for UE output power aspect. 

Specially, the unwanted emission such as SEM/ACLR, actual requirements could be defined with scalable manner with function of total aggregated bandwidth. For in-band emission requirements, single CBW requirement can be extended as RAN4 already estimated in LTE CA operation.
Also RAN4 can reuse the principle of the intra-band non-contiguous CA to make UE RF requirements for intra-band non-contiguous wide band aggregation.

Therefore, we answers as below

Q3: What RF requirement for UE and BS is specified for wideband operation?

· Ans.: RAN4 can reuse the principle of LTE system for intra-band wideband operation in NR system. We show the candidate UE RF requirements for intra-band contiguous wideband operation. Specially, the unwanted emission such as SEM/ACLR, actual requirements could be defined with scalable manner with function of total aggregated bandwidth.
Based on the answer, we propose as below

Proposal 3: RAN4 can reuse the principle of intra-band contiguous RF requirements in LTE system. Also RAN4 should define wideband Bandwidth class as shown in Table 3.
The forth issue is for the UE capability signaling issues for aggregated wideband operation.
· UE capability for aggregated wideband operation
· What UE capability is defined for aggregated wideband operation?
· Are there different types of UEs (e.g., 1x400MHz, 2x200MHz and 4x100MHz)?

· Can 1x400MHz UE also operate as 2x200MHz and 4x100MHz?

· What CC bandwidth combinations are supported for aggregated wideband operation?

· Is any combination of defined UE channel bandwidths allowed?

· Does UE support all combinations?

For UE capability for aggregated wideband operation, the following additional UE capability signaling should be used.

· Supporting NSA or SA UE 
· Supporting the mixed numerology or not (Data/Data)

· Minimum and Maximum Channel BW
· Maximum number of supporting aggregated CCs
· Supported RF Band list and corresponding wideband bandwidth Classes
Considering the maximum CBW of sub 6 GHz and mmWave, we think that signaling might be separately defined for sub 6 GHz and mmWave. Also it needs to inform the minimum channel BW from UE to gNB to reduce BCS (Bandwidth Combination Set) indicating signals for each operating band. 
Furthermore, NR UE should provide flexibility as much as possible, thus some different CBW combinations in terms of aggregated wideband operation should be allowed. In that sense, we think that UE supporting 1x400 MHz might also be operated as 2x200 MHz or 4x100 MHz if UE baseband can provide sufficient processing capability for multiple configured CC.
Therefore, we answers as below

Q4: What UE capability is defined for aggregated wideband operation? Does UE support all combinations?
· Ans.: RAN4 decide some UE capability signaling for intra-band wideband operation in NR system. It means that we need to send capability signals such as supporting NSA or not, supporting mixed numerology, min./max. Channel BW, maximum number of the aggregated CCs and supported RF band lists and corresponding wideband bandwidth class.  
· Ans.: For the same total aggregated CBW, RF requirements will be applied on just one wideband CBW combination based on UE RF capability.
Based on the answer, we propose as below

Proposal 4: NR UE should send the following additional UE capability signalling to serving cell. Also, for the same total aggregated CBW, UE RF requirements will be applied on just one wideband CBW combination (e.g. 2x200MHz only) based on UE RF capability.

· Supporting NSA or SA UE 
· Supporting the mixed numerology or not (Data/Data)

· Minimum and Maximum Channel BW
· Maximum number of supporting aggregated CCs
· Supported RF Band list and corresponding wideband bandwidth Classes
The final open issue is for the eNB scheduling impacts on the aggregated wideband operation.
· Impact to gNB scheduling
· How does gNB handle different types of UEs?
· Is there any impact to BS implementation?

Generally speaking, scheduling control data highly depends on its allocated RB size especially in control channel search space, but it depends on RAN1 decision. Once RAN1 decide to support different configuration of UE in single gNB supporting wideband operation, we think that gNB should handle all different types of UEs transparently at same time. Therefore, we think that there are no essential changes foreseen since user data can be directed with its associated control data.

Based on UE capability signaling from different UEs, gNB can handle the scheduling information for individual UE. 
Q5: How does gNB handle different types of UEs? Is there any impact to BS implementation?
· Ans.: When gNB consider these UE capability signaling from different UEs for DL scheduling of control signals, we can believe that there is no critical impact for BS implementation.
Based on the answer, we propose as below

Proposal 5: gNB should consider the UE capability signalling from different UEs for DL/UL scheduling.

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, RAN4 should focus on UE RF requirements for activate aggregated BW in inter CCs for wideband operation.
Proposal 2: RAN4 can derive the spectrum utilization for all the aggregated CBW based on above 3step calculation.
Proposal 3: RAN4 can reuse the principle of intra-band contiguous RF requirements in LTE system for intra-band wideband operation in NR system. Also RAN4 should define wideband Bandwidth class as shown in Table 3.
Proposal 4: NR UE should send the following additional UE capability signalling to serving cell. Also, for the same total aggregated CBW, UE RF requirements will be applied on just one wideband CBW combination (e.g. 2x200MHz only) based on UE RF capability.

· Supporting the mixed numerology or not (Data/Data)

· Maximum Channel BW
· Maximum number of supporting aggregated CCs

· Supported RF Band list and corresponding wideband bandwidth Classes

Proposal 5: gNB should consider the UE capability signalling from different UEs for DL/UL scheduling.
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