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1 Introduction
The SI for 5G was approved at RAN#71 [1]. This contribution provides some initial considerations for the high frequency bands and wide bandwidth channels for 5G, including existing regulations. These regulations should be considered as part of studies for the 5G development for high frequency bands.
2 Discussion
In RAN#71, an LS was received from ITU-R WP5D on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz [2]. This frequency range can be a basis for continuing studies by RAN4 in high frequency bands. It is also appropriate for wide bandwidth channels to be studied as part of the affiliated to high frequency applications. 
To better understand the high frequency application, we will first discuss the scenarios. It is well known that some technologies are already deployed in the range of 24.25 GHz and 86 GHz. These may serve as a reference for the 5G study. As we know, some requirements are sensitive to the frequency, thus it may not be possible to define only one set of requirements to cover such a wide frequency range. The candidate bands and corresponding channel BW must be discussed in RAN4. Band assignments and bandwidths will, of course, be ultimately determined by the national regulations. 
When defining spectrum related RF requirements, the regulatory limits and co-existence issues also need to be considered. Once the candidate bands are selected, the regulatory requirements for the corresponding frequency range shall be studied in RAN4. 

Both BS/UE architecture and device capability will affect the practical RF requirements, which is also discussed in this contribution.

In the following sections, these considerations are discussed briefly.
2.1 Scenarios in high frequency bands

The following high frequency deployment environments are considered by ITU-R, which are specific to Enhanced Mobile Broadband (eMBB).
Urban (above rooftop)

Multiple story buildings with base station antennas typically at or above the level of the roofline. Users are outdoors and indoors.

Urban (below rooftop)

Multiple story buildings with base station antennas significantly below the level of the roofline. Any gaps between buildings are not significant. Users are outdoors and indoors.

Indoor

Base stations are indoors. Users are indoors.
Suburban

Coverage of suburban streets (mainly residential) and small communities in rural areas, but not the unpopulated areas between them. Users are outdoors and indoors. 

These scenarios are still under discussion in ITU-R WP5D, which may further refine the scenarios. However, it is clear that these scenarios are specific to small cell application, where large wide-area coverage is not the targeted scenario. 
2.2 Existing technologies in high frequency bands

IEEE 802.11ad
The first version of IEEE 802.11ad specification was published in 2012. The technology covers the frequency range around 60 GHz.

The unlicensed frequency allocations around 60 GHz in each region do not match exactly, but at least 3.5 GHz of contiguous spectrum is available in all regions that have allocated spectrum. The ITU-R recommended channelization comprises four channels, each 2.16 GHz wide, centred on 58.32 GHz, 60.48 GHz, 62.64 GHz and 64.80 GHz respectively. Not all channels are available in all countries. Channel 2 is available in all regions and is therefore used as the default channel.  
Figure 1 is a brief summary of 60 GHz spectrum available around the world.
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Figure 1 60 GHz worldwide spectrum availability (unlicensed)
Point to point microwave
The 71-76 and 81-86 GHz “E-Band” frequencies are globally available for fixed wireless point-to-point communications. The 10 GHz of bandwidth available – the largest ITU bandwidth allocation for such services – enables ultra-high data rate link capacities of 1Gbps and beyond that can be realized with relatively simple, low cost radio architectures. The 71-86 GHz frequencies occur in an “atmospheric window”, whereby atmospheric attenuation is similar to the well used lower frequency microwave bands of 23 and 38 GHz. With similar propagation characteristics to these popular bands, and well characterized weather attributes allowing rain fade to be understood and predicted, link distances of several miles can confidently be realized [3].
Other services
Besides 802.11ad and P2P microwave services, there are many other services deployed from 24.25~86GHz, e.g. fixed-satellite, mobile-satellite, radio navigation, radio navigation- satellite, Radio Astronomy, Space research (space-to-Earth) etc. , which must be analyzed for both co-existence study and regulatory study.
2.3 Candidate bands
Similar to the bands below 6 GHz, the frequency range between 24.25 GHz and 86 GHz can also be allocated for licensed and unlicensed services. 

V-Band and E-Band are two well known high frequency ranges. V-Band spans from 57 GHz to 66 GHz, and the lower portion spanning from 48.5 GHz to 57 GHz is generally included in the V-Band definition. The E-Band covers 71-76 GHz and 81-86 GHz.
What are the candidate high frequency bands for 5G? During the latest ITU-R WP5D meeting, IMT candidate bands are also discussed and the proposed candidate bands in AI 1.13 are between 24 GHz and 86 GHz. That is a very (very) wide frequency range. Therefore, in this discussion the following sub-frequency ranges will be considered: 24.25-33.4 GHz, 37-43.5 GHz, 45.5-52.6 GHz and 66-86 GHz [4]. The proposed bands in ITU-R could be a reference for RAN4 discussion, however, the 3GPP bands are not always aligned with the ITU allocation, therefore, more discussion on the candidate bands shall be carried out and inputs from operators are also important. The bands selected will definitely affect the co-existence study and requirements specification. In order to study this wide frequency range efficiently, 24.25-43.5GHz may be considered with high priority at beginning of high frequency study in RAN4. 45.5-86GHz can be studied in later stage when we have better understanding of high frequency characteristics. 
2.4 Channel BW

When LTE was developed, the minimum 20 MHz UE capability using 20 MHz of spectrum for transmissions was technically challenging. However, due to the increasing demands for higher data rates, now we see 5 CC carrier aggregation (maximum 100 MHz) can be supported by UE, but the maximum channel BW for a single carrier is still 20 MHz. 
For the 4 sub-frequency ranges discussed in ITU-R, based on the services deployed in these ranges and possible available spectrum for an operator, the likely maximum channel bandwidth for frequency below 33.4 GHz could be 200 MHz~1 GHz, and larger than 1 GHz for above 33.4 GHz, e.g. 2 GHz channel BW for about 60 GHz.

To keep the flexibility of spectrum usage, several channel bandwidths could be defined in the end. What the appropriate channel BWs should be needs to be further analyzed and discussed, which also depends on the implementation capability. For example, often practical considerations, such as antenna and filter configurations, limit the bandwidth to less than 10% of the operating centre frequency.
2.5 Regulatory requirements

Here we use V-Band and E-Band as example to outline the regulatory impact on RF parameters.
V-Band
In the CEPT area the recommendation ECC/REC(09)01 indicates that the following limitations apply for point to point, fixed-services systems in the bands 57-64 GHz:

 Maximum EIRP: +55 dBm

 Minimum antenna gain: +30 dBi

 Maximum transmitter output power: +10 dBm
The FCC in the USA adopted a methodology (initially for E-Band) of limiting the maximum EIRP as a function of antenna gain (G) with a general formula:  

EIRP (dB) = EIRPmax (dB) – 2*(Gmax-G) (dB)

Where EIRP and G are the values actually permitted in that station, while EIRPmax and Gmax are stated by the FCC. 
For V-band, Part 15 states: 

       EIRPMax = +82 dBm 

       Gmax = +51 dBi 
In addition, FCC Rule Part 15.255 states that for indoor equipment the average power of any emissions shall not exceed 40 dBm and the peak power of any emissions shall not exceed 43 dBm.
FCC recently modified 60 GHz rules to allow a peak EIRP limit of 85 dBm with very high gain antennas to support outdoor point-to-point backhaul service.
E-Band
A summary of the main FCC technical specifications for operation in the E-Band for point to point, fixed-services systems in the bands are depicted in the following table 1. These tables are from [5]: 
Table 1 FCC Technical Specifications
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Maximum power limit 5 dBW
Maximum equivalent isotropically radiated | 55 dBW
power (EIRP)

Transmitter maximum power spectral 150 mW/100 MHz

density (PSD)

Automatic transmit power control (ATPC) Optional

Minimum antenna gain 43dBi (38dBi)°

Provision for reduced EIRP Max EIRP reduced by 2 dB per 1 dB

reduction in antenna gain respect 50dBi

Minimum spectral efficiency 0.125 bits/s/Hz





A summary of the main ETSI technical specifications for operation in E-Band is depicted in the following table 2:
Table 2 ETSI Technical Specifications
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Figure 2 below show the emissions limitation for the 71-76 and 81-86 GHz band. 
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Figure 2: Emissions limitation (ETSI EN 302 217-3) for the 71-76 and 81-86 GHz band
More information for world wide regulation status of V-Band and E-Band can refer to [5]. 
2.6 BS/UE architecture

For below 6 GHz, it is an interference limited scenario, while for millimetre wave (mmWave) band, the scenario is power limited. Massive MIMO is a major technique to overcome the high path loss to solve the coverage requirement in the high frequency band. 

More antenna elements are expected to be used in mmWave band both for BS and for UE. AAS would be the reference architecture for BS side and we can expect more discussion for the UE side. With the increasing antenna ports for BS and UE, OTA may be the only possible way for testing.
As discussed in section 2.1, high frequency is not applicable to the wide area coverage scenario, thus the implementation especially for the UE should consider integrating both frequency bands below 6 GHz and above 6 GHz in the same terminal, thereby requiring careful study of the UE architecture. 
2.7 RF component capability
The state of the art technology of semiconductors is an important factor to be considered in 5G study when considering the millimetre wave frequency bands. 
The efficiency of Power Amplifiers for the millimetre wave bands is very low. In order to improve the efficiency, we will pay the price of worse linearity which in turn affects the out-of-band emission when the signal passes through the PA. 

Currently there are a lot of simulations for UE side that depend on the PA model. It is expected that the PA model could be quite different compared to what we have used for the sub-6 GHz bands, which should be discussed for the candidate bands. 

Filter capability is another important aspect having been discussed extensively in RAN4. SAW and FBAR technologies may not be used in millimetre wave frequency anymore and hence the familiar IL in sub-6 GHz bands will be different in the high frequency band as well.
Phase noise is sensitive to the frequency, which should be studied further as this parameter in conjunction with channel non-linearity, filer distortion, etc. would determine the modulation quality.
2.8 Other
How to organize the discussion efficiently needs to be considered in the group as so many aspects are related to high frequency and wide BW. The discussion of RF requirements will be interleaved with the co-existence study and RAN1 progress on physical layer study. 
3 Conclusion
Initial considerations on high frequency band and wide bandwidth for 5G are discussed in this contribution. There are many factors to be studied in the context of deployments in high frequency bands. As the study moves forward, these areas identified for high frequency will be discussed further in detail. 
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