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Introduction
In Spokane AH the RAN1 LS informed RAN4 with following RAN1 agreements:
Agreements in NR AH:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· The maximum FFT size is not larger than [8192, 4096, 2048]
Agreements in RAN1#87:
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
It would be RAN4’s responsibility to decide what should be the appropriate concept of channel bandwidth in Rel-15 phase 1 NR specification on top of relevant RAN1 agreements. Before reception of the LS, there has been discussion on this area. And several WFs [1][2] were agreed to accelerate corresponding discussion. In this contribution we would like to share our opinions on the Maximum Channel Bandwidth should be supported in Rel-15 RAN4 specification. All discussion would in the context of contiguous spectrum operation case in Rel-15.
Discussion 
In NR phase it’s anticipated that wider spectrum size would be hold by operator to satisfy the high date rate, high capacity in scenario of enhanced mobile broadband. And the most ideal case would be per carrier channel bandwidth for NR perfectly matches with any specific frequency range held by operator as obvious benefits shown in RAN1 study for single carrier approach on:
· Signaling overhead especially on control information field 
· Less number of UE blind decoding attempts can be achieved which would enable less UE power consumption. 
· Simplified HARQ feedback
· Potential less guard band to enable ultimate contiguous spectrum utilization efficiency
However, the ideal case may be confronted with problem in both implementation and standardization. Hence the concept of flexible channel bandwidth is introduced to cope with the problem combined with UE signalling on capability of maximum supported channel bandwidth. And this contribution here is dedicated on discussion for the reasonable channel bandwidth to be incorporated in NR spec to grab the maximum advantage of wider spectrum utilization.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: In order to facilitate NW deployment flexibility, RAN4 need to introduce maximum channel BW to match with the available contiguous spectrum for NR deployment as much as possible, meanwhile considering the feasibility of implementation. 
Contiguous spectrum availability
For the availability on contiguous spectrum expected for NR application, such information can be collected from regional plans:
Below 6GHz (Assuming 3 operators)
(1) Korea: 3.4-3.7 GHz (In this case, maximum BW per operator can be 100 MHz BW.)
(2) Japan: 3.6-4.2 GHz (In this case, max BW per operator can be 200 MHz BW.)
             4.4-4.9 GHz (max BW per operator can be 150MHz BW.)
(3) China: 3.3/3.4-3.6 GHz (max BW per operator 100 MHz BW)
(4) EU: 3.4-3.8 GHz (max BW per operator can be more than 100 MHz BW)
Above 6GHz (assuming 3 operators)
(1) Korea: 26.5 - 29.5 GHz (max BW 1GHz per operator)
(2) Japan: 27.5-29.5 GHz (max BW around 500 MHz per operator)
(3) China: 24.25-27.5 GHz (max BW around 1GHz BW per operator)
            37-43.5 GHz (max BW more than 1 GHz BW per operator)
(4) EU: 24.25-27.5 GHz (max BW around 1GHz BW per operator)
         40-43.5 GHz (max BW around 1GHz BW per operator)
Observation 1: Considering the availability contiguous spectrum for NR deployments in different regions, at least 200MHz for below 6 GHz and 1GHz for above 6GHz need to be considered as possible maximum channel bandwidths.
Comparison on different approaches to support wideband in RAN4 aspect
In LTE, UE need to support all the channel bandwidths and UE and NW should align channel bandwidth symmetric for downlink receiving/ transmitting and verse versa for uplink. However, for NR system, RAN1 already agreed the mechanism to facilitate that device with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth. i.e. in NR system, NW can deploy 1GHz channel bandwidth carrier, meanwhile UE with different bandwidth capability can still access into NW i.e. UE type 1 with upper to 200MHz capability and UE type 2 with upper to 1GHz capability, both of UE type 1 and type 2 can access into this carrier.
Observation 2: RAN1 already introduce mechanism to facilitate UE with different bandwidth capability can access NR system regardless of NR carrier bandwidth.
Following RAN1 agreements, in order to meet ITU target peak data rate, RAN1 design aim to support operation over 1GHz contiguous spectrum, as the detailed agreements I copied below:
	Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier


When determining maximum channel bandwidths, we need comparison between two different approaches i.e. large number of CCs with relative small value of maximum CBW and single CC or small number of CCs with relative larger value of CBW to support 1GHz contiguous spectrum transmission in system considering the trade-off of the implementation complexity in both RF and digital baseband, signalling overhead, power consumption, cost, RRM procedures etc.
Proposal 2: When determining maximum CBWs, the compassion of different approaches i.e. lager CBW with single CC or CA/DC with several CCs to support upper 1GHz contiguous spectrum operation need to be considered.
For example: NW holding 1GHz spectrum, different UE types with different CBW capability existing in NW. i.e Type 1: 80MHz, Type 2:1GHz. There are two ways to form 1GHz contiguous spectrum in system
Case 1: 12 CC with 80MHz CBW
For this case, both type 1 and type 2 UE can access into NW, meanwhile restrict NW flexibility and have limitation for UE which has capability over 80MHz. Increase signalling overhand, control channel, RRM procedure prosing complexity unnecessary.
Case 2: 1 CC with 1GHz CBW
Both type 1 and type 2 UEs can access into NW, meanwhile no restriction for type 2 UE and NW flexibility.
Furthermore, in [5] there is initial comparison on single-carrier and CCA RF architectures as figure below.



Figure 1: Radio receiver architecture comparison between single-carrier and 10-carrier CCA [Copied from [5]]
First of all, it’s not sure cost by which way would be higher, i.e., wideband receiver by single RF chain or multiple RF chains with duplicated component. Furthermore, the power consumption and implementation complexity are significantly high with multiple CC approach. Hence according to the preliminary analysis, it is expected that CCA would be less favourable than single-carrier in both power consumption and implementation complexity. 
Based on above comparison, we have following proposal: Proposal 3: When determining maximum channel bandwidths, we need to consider no restriction for the implementation of UEs with advanced technology which can support large channel bandwidths.
Implementation feasibility 
First aspect should be considered here is feasible of FFT size. As listed in RAN1 LS, in NR system maybe lager FFT size then LTE can be considered i.e. 8192 or 4096 FFT size. It should be noted that in LTE for contiguous CA with 2CC (20MHz +20MHz), single FFT operation with 4096 FFT size already is a possible implementatio. If take into account the 4096 FFT size following observations can be obtained. 
Table 1: Example channel bandwidth for various subcarrier spacing with 4096FFT size
	　
	subcarrier spacing
(kHz)
	FFT size
	sampling rate
(MHz)
	Suitable Supported 
Max BW (MHz)

	below 6 GHz
	15
	4096
	61.44
	40

	
	30
	4096
	122.88
	100

	
	60
	4096
	245.76
	200

	Above 6 GHz
	60
	4096
	245.76
	200

	
	120
	4096
	491.52
	400

	
	240
	4096
	983.04
	800

	
	480
	4096
	1966.08
	>1000



Observation 3: In LTE for contiguous CA with 2CC (20MHz +20MHz), single FFT operation with 4096 FFT size already is a possible implementation in UE side.
Observation 4: Considering possible SCS for below 6GHz, 200MHz CBW is possible with 4096 FFT size for upper to 60 kHz SCs.
Observation 5: Considering possible SCS for above 6GHz, 1000MHz CBW is possible with 4096 FFT size for upper to 480 kHz SCs.
Another fundamental aspect, which is concern on implementation feasibility, would be especially for PA in RF FE and ADC/DAC in BB to support wide channel bandwidth. However, in current LTE spec 5 CC intra-band contiguous DL CA on Band 42 with up to 100MHz aggregated bandwidth is already supported, which can be assumed by 1RF chain. It’s not precluded more carriers to be supported in next release. Then if 3GPP agree with the same channel bandwidth especially for below 6GHz case, it would be questioned what is the advantage of NR in competition with LTE. Hence 200MHz channel bandwidth is proposed to be captured for this frequency range. Additional, for above 6GHz case at least at 28GHz industry already shows the capability to support entire 3GHz wide frequency range with up to 800MHz channel bandwidth. We would like to suggest the 1GHz channel bandwidth taken into account potential enhancement on technical state of art to leave enough implementation flexibility in specification. 
Proposal 4: for below 6GHz the maximum channel bandwidth should involve in 200MHz for Rel-15.
Proposal 5: for above 6GHz the maximum channel bandwidth should involve in 1GHz for Rel-15. 
Conclusion
In this contribution limitations on channel bandwidth to be considered in phase 1 NR were discussed from the perspective of spectrum availability, comparison of different approaches and implementation feasibility. And the proposals are:
Proposal 1: In order to facilitate NW deployment flexibility, RAN4 need to introduce maximum channel BW to match with the available contiguous spectrum for NR deployment as much as possible, meanwhile considering the feasibility of implementation. 
Proposal 2: When determining maximum channel bandwidths, we need to consider no restriction for the implementation of UEs with advanced technology which can support large channel bandwidths.
Proposal 3: When determining maximum channel bandwidths, we need to consider no restriction for the implementation of UEs with advanced technology which can support large channel bandwidths.
Observation 1: Considering the availability contiguous spectrum for NR deployments in different regions, at least 200MHz for below 6 GHz and 1GHz for above 6GHz need to be considered as possible maximum channel bandwidths.
Observation 2: RAN1 already introduce mechanism to facilitate UE with different bandwidth capability can access NR system regardless of NR carrier bandwidth.
Observation 3: In LTE for contiguous CA with 2CC (20MHz +20MHz), single FFT operation with 4096 FFT size already is a possible implementation.
Observation 4: Considering possible SCS for below 6GHz, 200MHz CBW is possible with 4096 FFT size for upper to 60 kHz SCs.
Observation 5: Considering possible SCS for above 6GHz, 1000MHz CBW is possible with 4096 FFT size for upper to 480 kHz SCs.
Proposal 4: for below 6GHz the maximum channel bandwidth should involve in 200MHz for Rel-15.
Proposal 5: for above 6GHz the maximum channel bandwidth should involve in 1GHz for Rel-15. 
Note: the channel bandwidth may be further extended depending on discussion in future release.
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