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Introduction
In Athens meeting several RAN1 LSs sent to inform RAN4 with following agreements [3][4]:
Agreements on wider bandwidth operation:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15
· Note:  final decision on the value  is up to RAN4
· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15
· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing
· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16
· Note that 32 is considered from RAN2 specification perspective
· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
Furthermore, it denotes in TR38.802 that “Note that all details for channel bandwidth at least up to 100 MHz per NR carrier are to be specified in Rel-15.”
Agreements on Wideband Operating Options:
RAN1 would like to inform RAN4 that RAN1 is discussing the following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g. 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels
· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion
In addition, within RAN4 there was WF[2] agreed on SCS, channel bandwidth and FFT size. In this contribution we further provide our view on maximum channel bandwidth per NR carrier based on above agreements
Clarification on maximum channel bandwidth
During last meeting discussion, it seems that the terminology of maximum channel bandwidth under discussing is ambiguous in the group. It would be helpful to clarify that in both RAN1 and RAN4 the maximum/wider channel bandwidth is discussed on the context of per NR carrier with contiguous spectrum allocation involving in following different candidates for implementation[5] as: 
· Case 1: UE with single RF chain and BS with single RF chain support wide single channel
· Case 2: UE with single RF chain and BS with multiple RF chains support wide single channel
· Case 3: UE with multiple RF chains and BS with single RF chain support wide single channel
· Case 4: UE with multiple RF chains and BS with multiple RF chains support wide single channel
Other than these cases, there is also agreed in RAN1 that Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier. RAN1 would study the mechanism further to permit UE access even it has different capability on operating bandwidth compared with system channel bandwidth. 
In general, what we are discussing here is the system channel bandwidth per NR carrier. However it does not preclude any BS and UE implementation possibility, however whether specific implementation could be supported or not is still depended on RAN1/2 further study. Furthermore, it does not exclude the UEs only support sub-set of the system channel bandwidth, which is explicitly agreed in RAN1.
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Figure 1: Implementation possibility on single wider channel option
Undoubtedly, according to RAN1 agreement carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported. However, these scenarios are out of scope of this contribution and should be discussed separately.
Observation 1: Maximum channel bandwidth is discussed for per single NR carrier and the feasibility on certain UE/BS implementation is depended on RAN1 scheme discussion.
Discussion on maximum channel bandwidth
According to current RAN1 and RAN4 agreement regarding SCS, maximum sub-carrier number per NR carrier and spectrum utilization efficiency, corresponding maximum channel bandwidth per NR carrier could be estimated for different combinations in table below. Here mixed numerology is not considered for simplification. 
Table 1: Estimation on Transmission/Channel bandwidth based on RAN1/4 agreements
	
	Below 6GHz band
	Above 6GHz band

	                 SCS
	15kHz
	30kHz
	60kHz
	[60kHz]
	[120kHz]
	[240kHz]
	[480kHz]

	Transmission bandwidth assumed with 3300 SCS number per NR carrier
	49.5MHz
	99MHz
	198MHz
	198MHz
	396MHz
	792MHz
	-

	Channel bandwidth assumed Y=90% 
	55MHz
	110MHz
	220MHz
	220MHz
	440MHz
	880MHz
	-

	Transmission bandwidth assumed 6600 SC number per NR carrier
	99MHz
	198MHz
	392MHz
	396MHz
	792MHz
	1584MHz
	-

	Channel bandwidth assumed Y=90% 
	110MHz
	220MHz
	440MHz
	440MHz
	880MHz
	1796MHz
	-


According to calculation in above table it can be found that:
Maximum channel bandwidth per NR carrier for specific NR band would be dependent on below aspects:
· Subcarrier spacing supported for particular NR band
· Maximum Subcarrier number per NR carrier for particular NR band
· Spectrum efficiency assumption
· Contiguous spectrum available for one carrier of particular NR band
· Implementation feasibility/complexity

Regarding the last two bullets we have already shared our thinking in [1]. And the same content is re-shared as below:
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 2: 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.
Implementation complexity
In [6] 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 [6]]
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.
Hence for below 6GHz range, maximum channel bandwidth per NR carrier could be up to 200MHz considering the available contiguous spectrum as discussed in [1]. For above 6GHz range, the target is to support operation around 1GHz contiguous spectrum with both Single carrier and CA/DC approach, although the implementation feasibility/complexity is still needed to be taken into account, i.e., the implementation bottleneck on sampling rate of ADC/DAC. However, for specific NR band, the supported SCS set, channel bandwidth set and supportable mixed numerology case(s) would be decided accordingly. How to capture this aspect in NR RF specifications on BS and UE should be further studied with in RAN4 as well. 
Proposal 1: For below 6GHz, maximum channel bandwidth could be up to 200MHz.
Proposal 2: For above 6GHz, the target is to support operation around 1GHz contiguous spectrum with both Single carrier and CA/DC approach, although implementation feasibility/complexity is still needed to be taken into account.
Proposal 3: The supported Channel Bandwidths per specific NR band would be defined separately with dependence of corresponding SCSs set and spectrum availability taken into account the upper boundary provided in Proposal 1and 2 for Rel-15. 
Conclusion
In this contribution we share our view on maximum channel band for wide bandwidth operation for NR and observation and proposals as below:
Observation 1: Maximum channel bandwidth is discussed for per single NR carrier and the feasibility on certain UE/BS implementation is depended on RAN1 scheme discussion.
[bookmark: _GoBack]Observation 2: 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.
Proposal 1: For below 6GHz, maximum channel bandwidth could be up to 200MHz.
Proposal 2: For above 6GHz, the target is to support operation around 1GHz contiguous spectrum with both Single carrier and CA/DC approach, although implementation feasibility/complexity is still needed to be taken into account.
Proposal 3: The supported Channel Bandwidths per specific NR band would be defined separately with dependence of SCSs set and spectrum availability taken into account the upper boundary provided in Proposal 1and 2 for Rel-15.  
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