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1   Introduction
In RAN4#92bis meeting, how to introduce the brand new channel bandwidth for NR was extensively discussed [1,2]. And the way forward was approved in [2]. This work is the separate one from adding the existing specified channel bandwidth for the existing bands, for which the way forward was approved in [3]. 
In [1], we summarize the available spectra for many operators globally. There would be two types of “brand” new channel bandwidths, which need be specified to fit the available spectra: 
· Regular channel bandwidth (spectrum): multiple of 5MHz
· Irregular channel bandwidth (spectrum): not multiple of 5MHz
In this contribution we provide our view on how to specify the brand new channel bandwidths. 
2   Discussion
2.1   Survey of available spectrum
We conducted the survey among our customers globally for all the available spectra on most of NR bands. The available spectrum on different bands are provided in Table 1. And in Figure 1 we also provide the number of operators versus each available spectrum bandwidth. In Table 2 and 3 we provide the existing channel bandwidth for BS and UE, respectively. In this survey, we focus on FR1. And we can do the survey for FR2 in the future.
We can observe that there a quite a number of irregular spectrum available on the NR bands and a number of regular spectrum, which cannot be fully supported by the currently specified bandwidth.
Table 1: Available spectrum for NR bands in FR1
	Band
	Region
	Available spectrum (MHz)

	Band 1
	Africa
	Regular: 5, 10, 15, 20 
Irregular: 9.4, 54

	
	Europe
	Regular: 5, 10, 15, 20, 30, 40
Irregular: 9.8, 9.9, 14.6, 14.8, 14.85, 19.6, 19.8, 19.9, 24.8, 29.6, 29.8, 34.65, 39.6

	
	South America
	Regular: 10, 15

	
	Oceania
	Regular: 5, 10, 15, 20, 25, 35
Irregular: 8.4

	
	Asia 
	Regular: 5, 10, 15, 20, 30, 40

Irregular: 9.8, 14.8, 19.8

	
	China
	Regular: 15, 20, 25, 30

	Band 3
	Africa
	Regular: 5, 10, 15, 20, 25, 35

Irregular: 2.6, 7.8, 8, 8.6, 9, 9.2, 9.8, 11.4, 11.6, 11.8, 12, 12.2, 12.5, 12.6, 15.8, 17.8, 18, 18.4, 18.6, 19.6, 19.8, 20.2, 20.4, 20.9, 21, 22, 23, 24.4, 24.6, 24.8, 28, 30, 31

	
	Europe
	Regular: 5, 10, 15, 20, 25, 30, 35, 45, 50, 75

Irregular: 5.8, 9.1, 12, 14.4, 14.8, 15.5, 17.8, 19.8, 21, 21.3, 22.5, 23.6, 23.9, 24.6, 24.8, 24.9, 27, 27.9, 29.7, 30.3, 35.6

	
	South America
	Regular: 10, 15, 20, 30

Irregular: 12, 15, 29.5

	
	Oceania
	Regular: 10, 15, 20, 25, 30, 45

Irregular: 12.5, 22.5, 27.5

	
	Asia
	Regular: 5, 10, 15, 20, 25, 30, 35, 40, 45, 70
Irregular: 6, 7.2, 7.4, 7.5, 8, 8.6, 8.8, 9, 9.6, 9.8, 11, 11.6, 12, 12.5, 13.2, 14.4, 14.6, 14.8, 15.6, 16.2, 17, 18.6, 19.4, 19.6, 19.8, 22, 24.4, 24.8, 27.5, 29.8, 31.6, 34.6, 36.4, 39.6

	
	China
	Regular: 15, 30

	Band 28
	Africa
	Regular: 10

	
	Europe
	Regular: 5, 10

	
	South America
	Regular: 10, 15

	
	Oceania
	Regular: 10, 15, 20

Irregular: 17.5

	
	Asia
	Regular: 10, 15, 20
Irregular: 13

	
	China
	Regular: 30

	Other band 2, 5, 7, 8, 9, 12, 14, 18, 20, 28, 30, 34, 38, 39, 40, 41, 48, 65, 66, n77, n78, n79
	All the regions
	Regular: 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 75, 80, 90, 105
Irregular: 1, 1.5, 2.4, 2.46, 2.49, 2.5, 2.51, 3.4, 3.69, 3.7, 3.75, 3.8, 4, 4.2, 4.4, 4.6, 4.8, 4.9, 4.92, 5.03, 5.2, 5.3, 5.4, 5.5, 5.6, 5.8, 6, 6.2, 6.25, 6.3, 6.4, 6.5, 6.6, 6.8, 7, 7.2, 7.4, 7.5, 7.6, 7.8, 8, 8.2, 8.3, 8.3, 8.4, 8.6, 8.64, 8.8, 9, 9.2, 9.3, 9.34, 9.6, 9.7, 9.8, 10.2, 10.4, 10.6, 10.8, 10.9, 11, 11.1, 11.2, 11.25, 11.3, 11.4, 11.5, 11.6, 11.7, 11.8, 12, 12.1, 12.2, 12.4, 12.5, 12.8, 13, 13.3, 13.6, 14, 14.2, 14.4, 14.5, 14.6, 14.8, 14.9, 16, 16.4, 16.8, 17, 17.2, 17.4, 17.5, 18, 19.2, 19.6, 20.2, 20.6, 20.8, 21, 22.5, 23, 23.2, 24, 26.4, 27, 27.5, 32.5, 48, 52, 56, 72, 78, 81, 91, 96.5, 98, 116, 120, 130, 160
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Figure 1: Available spectrum bandwidth vs number of operators who has such spectrum
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Figure 2: BS supported channel bandwidth for FR1 (TS38.104): 13 channel bandwidths
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Figure 3: UE supported channel bandwidth for FR1 (TS38.101-1): 12 channel bandwidths
2.2   Add “brand” new channel bandwidth for NR
2.2.1   New regular channel bandwidth
As shown in Table 1, there are 35MHz, 45MHz, 55MHz, 65MHz and 75MHz available spectra, for which there were not channel bandwidths specified until now in Rel-16. In Rel-15, there were discussions on whether the NR channel bandwidth should be introduced in a step of 5MHz, but there seemed no request to do so. 
According to our statistics, 1 operators may have the request for 35MHz, 1 for 45MHz, 2 for 55MHz, 1 for 65MHz and 2 for 75MHz. Given more than 200 operators in the survey, the requests for them are not very popular.
So in Rel-17 we could introduce those regular channel bandwidths depending on the specific requests from operators. But in order to keep the forward compatibility, we may need consider reserving the bits in the bandwidth indication signalling for them.
Proposal 1: Introduce the regular channel bandwidth including 35MHz, 45MHz, 55MHz, 65MHz and 75MHz depending on the operators’ requests, but reserve the bits in the bandwidth indication signalling for them.

2.2.2   Support of irregular channel bandwidth
Based on the above data, we further group the irregular bandwidths in Table 2 and analyse the gaps between the available spectrum and the specified bandwidth. We can observe the maximum gap is around 4.9MHz and even up to 8MHz. The maximum relative gap over the available spectrum is up to 49%, which means the big spectrum waste.
Table 2: Analysis of irregular bandwidths
	Range of bandwidth
	Irregular bandwidth (MHz)
	Which regular bandwidth can support
	Gap between available spectrum and regular bandwidth

	<5MHz
	1, 
2.4, 2.46, 2.49, 2.5, 2.51, 2.6, 
3.4, 3.69, 3.7, 3.75, 3.8, 
4, 4.2, 4.4, 4.6, 4.8, 4.9, 4.92
	None
	N/A

	[5MHz, 10MHz)
	5, 5.03, 5.2, 5.4, 5.5, 5.6, 5.8, 
6, 6.2, 6.25, 6.3, 6.4, 6.5, 6.6, 6.8, 
7, 7.2, 7.5, 7.6, 7.8, 
8, 8.2, 8.3, 8.4, 8.6, 8.8, 
9, 9.1, 9.2, 9.3, 9.34, 9.6, 9.7, 9.8, 9.9
	5MHz
	0~0.8MHz
1~1.8MHz

2~2.8MHz

3~3.8MHz

4~4.9MHz

	[10MHz, 15MHz)
	10, 10.2, 10.4, 10.6, 10.8, 10.9, 

11, 11.1, 11.2, 11.25, 11.3, 11.4, 11.5, 11.6, 11.7, 11.8, 

12, 12.1, 12.2, 12.4, 12.5, 12.6, 12.8

13, 13.2, 13.3, 13.6

14, 14.2, 14.4, 14.5, 14.6, 14.8, 14.85, 14.9
	10MHz
	0~0.9MHz
1~1.8MHz

2~2.8MHz

3~3.6MHz

4~4.9MHz

	[15MHz, 20MHz)
	15, 15.5, 15.6, 15.8

16, 16.2, 16.4, 16.8

17, 17.2, 17.4, 17.5, 17.8

18, 18.4, 18.6

19.2, 19.4, 19.6, 19.8, 19.9
	15MHz
	0~0.8MHz
1~1.8MHz

2~2.8MHz

3~3.6MHz

4~4.9MHz

	[20MHz, 25MHz)
	20, 20.2, 20.4, 20.6, 20.8, 20.9

21, 21.3, 

22, 22.5, 

23, 23.2, 23.6, 23.9

24, 24.4, 24.6, 24.8, 24.9
	20MHz
	0~0.9MHz
1~1.3MHz

2~2.5MHz

3~3.9MHz

4~4.9MHz

	[25MHz, 30MHz)
	25, 26.4, 

27, 27.5, 27.9, 

28, 

29.5, 29.6, 29.7, 29.8
	25MHz
	0~1.4MHz
2~2.9MHz

3MHz

4~4.8MHz

	[30MHz, 40MHz)
	30, 30.3, 31, 31.6, 32.5, 32.6

34.6, 34.65,35, 35.6, 36.4, 

39.6
	30MHz
	0~2.6MHz

4.6~6.4MHz

9.6MHz

	[40MHz, 100MHz)
	40, 45, 48

50, 52, 54, 56
60

70, 72, 75, 78

80, 81

90, 91, 96.5, 98

105, 116, 120, 130, 160
	40MHz

50MHz

60MHz

70MHz

80MHz

90MHz

100MHz
	0~8MHz
0~4MHz

0MHz

0~8MHz

0~1MHz

0~8MHz

5MHz


There are two kinds of irregular bandwidths:
· Bandwidth less than 5MHz which is the minimum number of bandwidth specified in NR specifications;

· Bandwidth larger than 5MHz which can be supported by the specified NR bandwidths but with lower spectrum efficiency.

For the first case, we think that some smaller bandwidth like 3MHz could be considered with the suitable SCS or using as SCell. For the second case, we would like to propose using the overlapping CA to support it.
Overlapping CA for downlink
Figure 4 show our idea for the overlapping CA, where the CCs in intra-band CA overlap with each other and the scheduling could be used to avoid collision on the shared PRB between two CCs.

[image: image4]
Figure 4: Concept of overlapping CA for downlink to support the irregular channel bandwidth 

In order to simplify the UE implementation, we would like to only consider the downlink rather than the uplink for this overlapping CA because the current traffic is downlink heavy. Thus we propose:

Proposal 2: We propose to the overlapping CA mechanism to support irregular bandwidths

· For BS, we propose BS to support irregular channel bandwidth for both uplink and downlink

· Further down-select the number of introduced irregular channel bandwidth needs more discussion

· For UE, UE support the existing channel bandwidth for uplink and support overlapping CA for downlink.
2.3   How to organize the work

In the approved way forward [2], the candidate options to manage the new request(s) of “brand new CHBW” are as follows:

· Option 1a: A new SI required for all the requests
· Study possible ways and feasibility to meet the requests including re-use of existing 3GPP mechanisms
· FFS how to organize the following-up WI(s), if needed
· Option 1b: A new basket WI required for all the requests
· At least include study phase for possible ways and feasibility to meet the request including re-use of existing 3GPP mechanisms
· Option 2: Individual WI(s)/SI(s) for each request in a case by case manner
· Option 3: Including the requests into basket WI for “existing CHBW” 
· At least include study phase for possible ways and feasibility to meet the request including re-use of existing 3GPP mechanisms
· Option 4: Further discuss the possibility of existing 3GPP mechanisms to meet the request considering the possibility to avoid the changes to exiting specifications
· Other options are not precluded. Final decision to be taken by RAN.
In our view, the work adding the brand new channel bandwidth is different from adding the existing bandwidth to the existing bands. For the former one, more fundamental work is needed like spectrum utilization for each new bandwidth, and the corresponding RF requirements. For the latter, the basket WI approach is more suitable since the work can be done following the similar procedure and only part of RF requirements like A-MPR might need be investigated. So Option 3 is not our preference.
We think that some general study is needed in order to come up with the new framework for adding the new bandwidths. So we prefer to Option 1a or Option 1b. 
And the scope should not be limited to introducing a number of new channel bandwidth, especially the bandwidths with multiple of 5MHz, but to target at fully and cost-effectively utilizing the operator spectrum. We should think beyond. Besides, in RAN#85 meeting the operators proposed 13MHz channel bandwidth for n28 and 7MHz channel bandwidth for n26. We support this idea because the spectrum from operator is quite valuable and it is desirable to fully utilize all the spectrum. 
Based on the above consideration, we propose a study item either in Rel-16 or in Rel-17 to study the framework to introduce the support of new channel bandwidth and fully support of available spectrum for operators.

Proposal 3: Have study items either in Rel-16 or in Rel-17 to study the framework to introduce the support of new channel bandwidth and fully support of available spectrum for operators. In the SI, the requests to introduce support of 13MHz channel bandwidth for n28 and 7MHz channel bandwidth for n26 can be used as the example bands.

The proposed SID with target at introducing 13MHz for n28 and 7MHz for n26 is attached in the annex, which would be urgent for operators. And a more general proposal for the framework to fully utilize the available spectrum is provided in the accompanied contribution.
3   Conclusion
In this contribution, we analyze the available spectrum bandwidth for most of NR bands. It was observed that there are many cases where the operators’ spectrum could not be fully utilized. To introduce the brand new channel bandwidth and further to fully utilize the available spectrum from operators, we have the following proposals:
Proposal 1: Introduce the regular channel bandwidth including 35MHz, 45MHz, 55MHz, 65MHz and 75MHz depending on the operators’ requests, but reserve the bits in the bandwidth indication signalling for them.

Proposal 2: We propose to the overlapping CA mechanism to support irregular bandwidths

· For BS, we propose BS to support irregular channel bandwidth for both uplink and downlink

· Further down-select the number of introduced irregular channel bandwidth needs more discussion

· For UE, UE support the existing channel bandwidth for uplink and support overlapping CA for downlink.
Proposal 3: Have study items either in Rel-16 or in Rel-17 to study the framework to introduce the support of new channel bandwidth and fully support of available spectrum for operators. In the SI, the requests to introduce support of 13MHz channel bandwidth for n28 and 7MHz channel bandwidth for n26 can be used as the example bands.
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5   Annex: SID
----------------------------------- SID -----------------------------------------------

3GPP TSG RAN Meeting #86
RP- 19xxxx
XXX, XXX, 2019


Source:
[xxx]
Title:
New SID on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths  
Document for:
Approval

Agenda Item:
9.1.5

3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 
New SID on Efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths  

Acronym: FS_NR_Efficient_BW_utilization

Unique identifier: 
 

NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:


Either:

	This WID includes a Core part
	x

	This WID includes a Performance part
	x



or:

	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


1
Impacts 


	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	x
	x
	
	

	No
	X
	
	
	x
	x

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items

2.1
Primary classification

This work item is a … 

	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.

2.2
Parent Work Item 

	Parent Work Items 

	Unique ID
	Title

	
	


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title.
2.3
Other related Work Items and dependencies

	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	 

	
	
	


NOTE:
Also related or dependent WIs/SIs in other TSGs should be indicated.
3
Justification

Currently NR channels are only specified in increments of 5 or 10 MHz. Since not all spectrum licenses align with these NR channel bandwidths, a way to efficiently utilize licensed spectrum is needed. 

For example, as an LTE refarming band, NR band n26 is being defined. Because Sprint owns 7 MHz of spectrum in the band, a new 7 MHz wide carrier is needed for efficient use of the spectrum.

Also, 3MHz channel exists within n28 (733-736MHz & 788-791MHz) between the lower duplexer of Band 28 and Band 20 in many countries across ITU Region 1, where both band are either deployed or to be deployed for LTE and 5G NR. This 3MHz carrier can be deployed in combination with the adjacent 10MHz of Band 28. Since 3MHz carrier BW is currently not available for 5G NR, 13MHz carrier BW needs to be deployed for 5G NR within 700 MHz band (3GPP n28) that is planned to be refarmed by Etisalat from LTE to 5G NR in certain markets.

There could be some possibilities for utilizing the licensed bandwidth that is not aligned with existing NR channel bandwidth in the relevant specifications, but a common understanding needs to be reached. 

In certain cases, UE can be configured with the existing carrier BW in the specifications then gNB ensures that only the licensed part is used with configuration of control channels and scheduling of data channels. 

4
Objective

4.1
Objective of SI or Core part WI or Testing part WI

The objectives of this study item are to study:
· Study the generic approach of efficient utilization of spectrum allocations that are not aligned with existing NR channel bandwidth and the relevant requirements including spectrum utilization and emission requirement, with the assumption that UEs not supporting such new channel BW can still access the network. The following cases will be examples in this SI:

· Efficient use of an available 7 MHz NR allocation bandwidth for in n26

· Efficient use of an available 13 MHz NR allocation bandwidth for n28

4.2
Objective of Performance part WI

NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)

NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
Expected Output and Time scale

	New specifications 

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	TR
	38.xxx
	Study on Efficient Utilization of Unique spectrum allocations 
	
	TSG RAN#86
	


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR 

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)

7
Work item leadership

RAN4 

8
Aspects that involve other WGs

None

NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.

9
Supporting Individual Members

	Supporting IM name

	

	

	

	

	

	

	

	


[image: image5.png]Example of concept of DL overlapping CA

Available spectrum 27.5MHz

25MHz CBW

30MHz CBW

15MHz CBW

I
0
[

15MHz CBW

Overlapping part
For a UE, avoid scheduling collision



