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1   Introduction
In the last RAN4 meeting, the way forward on 5G NR band defining was agreed [1]. Operators are encouraged to provide inputs of possible frequency ranges or bands for NR deployment in future meetings, and based on inputs the 5G bands will be discussed. 
In our view, before discussing the specific bands, it would be better for the whole industry to think about the methodology to specify the 5G NR bands, i.e., the new band structure. So in this contribution we would like to advocate that idea.
2   Review of spectrum for 5G NR
2.1   Available new spectrum for 5G NR
After the survey, we list all the potential spectra which would most likely be allocated for 5G NR in different regions in Table-1. Roughly there would be three blocks of new spectrum available for 5G NR:
· 700MHz NOTE1
· 3.3GHz~4.99GHz

· mmWave

For mmWave, the candidate frequency ranges and potential ways for deployment would be different between operators. As studied in SI, it would be expected that a wide range of mmWave spectra will be specified for 5G. 
Table-1: Available spectrum for 5G NR in different regions
	Region
	Europe [2]
	US [3]
	Japan [4]
	China [5]
	Korea [6]

	Frequency range
	700MHz NOTE1, 3.4~3.8GHz, mmWave
	mmWave
	3.6~4.2GHz, 4.4~4.9GHz
	3.3~3.4GHz, 3.4~3.5GHz, 4.4~4.5GHz, 4.8~4.99GHz
	3.4~3.7GHz, mmWave (28GHz)


NOTE1: In some European countries, 700MHz will be used as new spectrum for 5G NR.
2.2   Existing LTE spectrum
With the increasing deployment of 5G NR in the future, LTE spectrum will be re-farmed. Besides, the coexistence of LTE and NR in the same or overlapping carrier is being discussed in RAN1. For such carriers the new RF requirements should be specified. So the new NR bands should be defined on the existing LTE spectrum in the future.
In LTE there are 51 bands specified. It would be challenging work to migrate them to new NR bands.
3   Issues for defining NR bands
Based on the above discussion, there would be mainly two issues for defining NR bands:
· Issue 1: How to migrate the existing LTE bands into 5G NR bands.
· Issue 2: How to specify the bands for the new spectrum.
For Issue 2, the discussion would focus on in which range of spectrum and how many bands will be specified. The issues are more relevant to the feasibility study from aspects of RF techniques like filter or PA and the evaluation of impact on UE implementation. Those could be addressed in working group in our understanding.
So in this contribution, we would like to focus on Issue 1, and want to collect companies’ view in RAN level and have some guidance for further study.
4   Possible way for migration of LTE band to NR band

In our view, there might be three options for migration of LTE bands to NR bands:
· Option 1: Directly move LTE band(s) to NR band(s)
· Option 1a: Follow the legacy approach for LTE to introduce the new NR band one by one gradually 
· Option 2: Consider a new methodology and structure to specify the new NR bands
Regarding Option 1, the new bandwidth and waveform will be defined for NR, so the new RF requirements, e.g., EVM and etc, would be specified. So the workload would be huge.
Regarding Option 1a, we do see some drawback. As shown in Figure-1, the number of bands continuously increased from GSM/UMTS to LTE. Following this trend, the UE and standardization complexity would be a big concern with increasing number of new bands.
[image: image1.png]2G/3G Bands

LTE Bands

Issues of LTE band structure

GSM bands
* 800M:
* 900M:
« 1800M:
+ 1900M:
Main UMTS bands
+ BandI
s BandIl
s BandIV
+ Band VII

51 LTE bands (36.101, e10)

+ FDD bands: B1~B32, B65~B70
= SDL: B29, B32, B67, B69

« TDD bands: B33~ 47

800+ CA/DC band combinations
(36.101, €10)

+ Intra-band CA: 76

+ 2 bands CA: 161

+ 3 bands CA: 100

+ 4 bands CA: 20

o DL CA up to 5CC

o ULCAupto 2CC

Note: Some band combinations are the fall back
‘combination for the upper band combination

= UE needs support more than 20
bands for global roaming, let
alone CA

= Only a few UE types to support
global market
= Very complicate UE
implementation for so many bands
and band combinations
= High work load in standard for
inter-band CA scenarios





Figure-1: Challenge of huge number of potential new bands for 5G

We would like to consider option 3. We see some room for optimization and would like to consider the follow aspects for new methodology for defining NR bands:
· Make best use of advantages of spectrum characteristics, e.g., better coverage and wide region availability

· Reduce UE implementation complexity to support multiple bands

· Reduce the number of bands and band combinations for specification
Global band

One of our motivations is to facilitate global roaming/utilization for 5G NR. We observed efforts for specifying the global bands in RAN4 history for LTE, and also see the benefit to define a number of global bands from the early beginning of 5G to speed up the deployment of 5G NR.
Looking at LTE UE in the market so far, UE may need to support 20 bands to ensure global roaming/utilization. In order to comply with the RF requirements for all the bands, not only UE needs separate RF channels for individual bands, but also it may needs separate antennas. In the future, if UE supports more than 2 receiver antennas, more filters would be needed. Thus the UE complexity would be a problem.
If a number of global bands were specified, it would be helpful for operators to deploy their network, and also beneficial to improve user experience since UE may not need to frequently fall back to 2G, 3G or 4G network during global roaming.
Full utilization of spectrum
The other aspect is to fully utilize the spectrum. Firstly, the low frequency can provide better coverage given a certain transmission power. Secondly there are some spectrum resources like SDL bands which are not fully utilized due to lack of paired uplink resources. In [7] we provided some candidate solutions. But we are open to other options.
Reduction of UE complexity to support multiple bands and simplifying standardization
Although it may be debatable, there would be trade-off between band definition as well as RF requirements and cost of device. We may consider defining proper RF requirements to allow the new UE architecture to support multiple bands at relatively lower complexity.

In [1] it is good to see an agreement to try and discuss the possibility for merging bands, which would also help reducing the UE and standardization complexity. But as prerequisite, the flexible requirements would be needed at least in some bands.
5   Conclusions
Band definition is a quite fundamental topic for 5G NR. In this contribution we discuss two issues for defining new 5G NR bands: 1) how to migrate the existing LTE bands into 5G NR bands and 2) how to specify the bands for the new spectrum. 
For the first issue, we discuss three possible methodologies. In our view, we would like to consider the new methodology and structure to specify the new NR bands. In this RAN plenary, we want to get more input from companies, and also guidance from RAN plenary on how to carry out the work in RAN4.
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