3GPP TSG-RAN meeting#86
RP-192827
Sitges, Spain, 9th – 12th December 2019
Title: 
Motivation for new WI on introduction of brand new channel bandwidths for NR
Source: 
Huawei, HiSilicon, Etisalat
Agenda item:
9.1.4
Document for:
Discussion
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 RAN4#93 the related issues were further discussed [4~11]. The conclusion was captured in [12]. 

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.
For this scheme, the SU for single CC can be reused but the total SU of the aggregated bandwidth needs more study. Some common rule for SU would be needed, which will impact the channel arrangement rule of CCs.
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” were provided. In RAN4#93 there were more discussion. The conclusion from RAN4#93 meeting is as follows.
Common understanding: 

It is RAN4 common understanding the handling of “brand new” bandwidth and existing bandwidth shall be discussed separately 

How to handle the introducation of “band new” bandwidth and existing bandwidth is FFS. 



Not to introduce “brand new” bandwidth is not precluded 

We think that some general study is needed in order to come up with the new framework for adding the new bandwidths. And to address the concern related to not to introduce “brand new” bandwidth is not precluded, 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. 
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 spectra. We see the urgency for operators to plan to use the irregular bandwidth.
Based on the above consideration, we propose a work item with a study phase in Rel-17 to study the framework to introduce the support of new channel bandwidth and fully support of available spectrum for operators, and specify the corresponding bandwidths (if any), the corresponding schemes and the RAN4 requirements.
Proposal 3: Have work item in Rel-17 with a study phase to study and specify the framework to introduce the support of new channel bandwidth and fully support of available spectrum for operators. In the WI, the requests to introduce support of 13MHz channel bandwidth for n28 and 7MHz channel bandwidth for n26 can be used as the example bands.
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 work item in Rel-17 with a study phase to study and specify the framework to introduce the support of new channel bandwidth and fully support of available spectrum for operators. In the WI, 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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