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1	Introduction
RAN4 has discussed the channel bandwidths that are needed in NR UEs for a number of meetings now. The intention has been to define a CH BW threshold for different frequency ranges (below 2.49 GHz, 2.49 to 6 GHz, above 24 GHz), up to which all UEs are mandated to support all CH BWs defined for each band with a single component carrier. 

By the RAN4#85 meeting, RAN4 has not been able to agree on this mandatory support and acknowledged it would need RAN plenary level discussion and potential agreement. One of the reasons is that there are currently no UE categories in Rel-15 and mandatory higher UE CH BW support would require unnecessary complexity in lower cost types of devices. But then, having higher BWs would ensure higher performance, comparable devices, and better network planning. One issue is also conformance testing, which requirements & certification may become extremely challenging to define and implement unless some framework is agreed in UE support. 


The focus in this contribution now is to discuss and define the mandatory UE CH BWs per band which should be supported by all UEs, excluding possible lower cost category devices in the future. 

2	Background
In NR AH#2, there was a discussion that provided CH BW tables across all NR bands for the UE. In RAN4#84, there was a further agreement on a WF for “UE Mandatory Channel Bandwidth”. [1] In this agreement, one part states “RAN4 should agree some threshold value for which BW’s should be supported by single CC configuration.”

Then further in the RAN4#84bis meeting, there was a proposal specifically for LTE re-farming bands in this topic. [2] The discussions however, could not agree with the mandatory threshold for LTE re-farming bands and there was an additional interest to include other frequency ranges as part of the discussion going forward. The WF that was noted in RAN4#84bis, describes the status where the discussion was stopped for LTE-refarming bands. [3] Additionally, it was noted in the online discussion that RAN4#85, in Reno, should discuss a contribution giving an overview to CH BWs in all bands across NR at the time and possibly sending the CH BW list for RAN plenary discussion and decision.

At RAN4#85, a contribution that provided an overview and a proposal for the next steps agreeing the required UE CH BWs for NR was noted [4]. A separate contribution was agreed that established channel bandwidths for each NR band [5]. That information across all the NR bands is shown in the below tables. Note that 70 and 90 MHz, and for n77 and n78 are for base station only. 


	NR band / SCS / Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	102,3  MHz
	153 MHz
	203 MHz
	253 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n5
	15
	Yes
	Yes
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n7
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n38
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	

	
	60
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n51
	15
	Yes
	
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	n70
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	n76
	15
	Yes
	
	
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n77
	15
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	Yes1
	Yes
	Yes
	Yes
	Yes1
	Yes
	Yes1
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	n80
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n81
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n82
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n83
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n84
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	NOTE 1:	1 the channel bandwidth is defined only as a BS channel bandwidth in these bands.
NOTE 2:	290% spectrum utilization may not be achieved for 30kHz SCS. 
NOTE 3:	390% spectrum utilization may not be achieved for 60kHz SCS.


Table 1: NR channel bandwidth for FR1

	NR band / SCS / Channel bandwidth

	NR Band
	SCS
kHz
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	

	
	120
	Yes
	Yes
	Yes
	Yes



[bookmark: _GoBack]Table 2: NR channel bandwidth for FR2


In general it seems that most operators would prefer for all of the channel bandwidths to be mandatory for all UEs. For lower speed, lower power devices and services they have NB-IoT and LTE. NR promises high bandwidths and high data rates, and the operators don’t want devices that will disappoint their customers. 

Without an agreement to mandatory UE CH BW, it means it is up to UE implementation to decide what maximum CH BW to support (which means the UE shall support all the smaller CH BWs from that BW) and whether it uses CA to support higher BWs if so needed. This raised several implications that were discussed in the RAN4 documents. [2] [6] 
· If CA is used to replace higher channel BWs
· Spectrum utilization drops significantly in 30kHz and 60kHz subcarrier spacing
· Wide enough UL may not be supported
· It lowers flexibility that can be achieved via higher single CC CH BWs, e.g. the use of asymmetric CH BW
· Conformance test requirements and testing is needed on parallel for CA as well as single CCs to ensure test coverage for all UEs
· Devices open for implementation in regards to CH BWs 
· introduce risk for market fragmentation and a difficulty in performance comparison
· lower the expectation in network planning
· might not introduce any natural progress from LTE that at least some companies feel NR should by its default parameters
· would introduce an extremely difficult task for RAN5 to define conformance requirements that would serve all types of implementations
· would make a significant raise to the cost of current certification schemes 


3	Overview of the CH BWs
This chapter gives an overview of the current interest among the operators. For LTE re-farming bands, discussion from the previous meeting is elaborated further. 


At the RAN4#84bis and RAN4 #85 meetings, there was no agreement, but the main points of the discussion in terms of mandating CH BW support were in CH BWs above 25MHz. 

At RAN4#85 there was a request to mandate also 80 and 100 MHz, which means all these CH BWs are now requested to be mandatory according to each band in Table 4.. 

Observation 1: It should be noted that from LTE re-farming bands and other bands below 2.49 GHz, only three bands would be required to have higher than 25MHz as a mandatory supported CH BW; Band 3, Band 50 and Band 66.

Proposal 1: For all re-farmed bands below 2.49 GHz all channel bandwidths up to 40 MHz for a given band are mandatory for UEs for 15 and 30 kHz SCS, and all bandwidths are optional for 60 kHz SCS. 



From 2.49 to 6 GHz and above 24 GHz

For new NR bands, so far there was no discussion about mandatory CH CW which all UEs shall support. However, all the CH BWs are requested as mandatory CH BW from some operators as shown below table, where “M” means the request as mandatory CH BW.

[image: ]
Table 3 – UE CH BWs for n41
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Table 4 – UE CH BWs 3 to 6 GHz (n77/78)
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Table 5 – UE CH BWs at RAN4#85 from 3 to 6 GHz (n79)

 [image: ]
Table 6 - UE CH BWs at RAN4#85 above 24 GHz  (n257/258)

[image: ]
Table 7 - UE CH BWs at RAN4#85 above 24 GHz (n260)

Proposal 2: Based on operator requests, all UE channel bandwidths are mandatory for n41, n77, n78, n79, n257, n258 and n260. 

3	Summary and Discussion
Table 1 describes the overview of the CH BWs across all NR bands at the moment. 
Proposal 1: For all re-farmed bands below 2.49 GHz all channel bandwidths up to 40 MHz for a given band are mandatory for UEs for 15 and 30 kHz SCS, and all bandwidths are optional for 60 kHz SCS. 


Proposal 2: Based on operator requests, all UE channel bandwidths are mandatory for n41, n77, n78, n79, n257, n258 and n260 for the mandatory SCS, and all UE channel BWs are optional for optional SCS. 
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