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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#81 meeting, a new study item (SI) was approved [1] to study on channel model for indoor industrial scenarios. It was recognized that the current 3GPP channel model in TR 38.901 [2] contains a common channel model with scenario-specific model parameters and settings for scenarios such as Urban Macro, Urban Micro, Rural Macro, and Indoor Hotspot (InH). However, it is noted that InH is based on indoor office / shopping mall environment. To address industrial scenarios that exhibit more diverse and unique environmental features, see the LS from 5G-ACIA in RP-181521 [3], it is needed that the InH in TR 38.901 should be extended to cover additional characteristics of industrial scenarios.
A new SI contains the following objective：
[bookmark: _GoBack]The study item aims to develop a channel model to support studies on URLLC/IIOT enhancements for industrial scenarios and use cases. In order to achieve this, the study item should fulfil the following objectives:
· Determine a suitable description of the scenario and frequency bands up to 100GHz that should be supported. 
· The LS from 5G-ACIA in RP-181521 may be used as one of the references to start the discussion.
· Review existing literature and new propagation measurements in industrial environments
· Assess key differences compared to existing channel models such as the model in TR 38.901
· Define a new industrial propagation scenario and determine propagation parameters and, if required, new model components. Use 38.901 as the starting point.
· Priority should be given to channel modeling for frequency ranges below 52.6GHz, which can be captured in the TR upon completion of the corresponding model.
Obviously, frequency bands would have impact on the measurement results and channel model. In this contribution, we identify frequency bands of interest for industrial deployments. This work can guide participants who aim to perform new channel measurements which frequencies to prioritize and guide the channel modeling work.

Frequency band of interest for Industrial IOT
Based on the objective in [3], the study should address indoor industrial scenarios with frequency bands up to 100 GHz and priority should be given to channel modeling for frequency ranges below 52.6 GHz. In this section, frequency bands of interest for Industrial IOT are discussed.

Above 6 GHz
mmWave bands have the following characteristics compared to sub-6 GHz.
· Large amounts of bandwidth. Larger amount of bandwidth benefits high data rates, low latency and high reliability for Industry 4.0.
· High building penetration loss. This is a big advantage for serving smart factories due to interference mitigation. Especially given that vertical use cases will require different DL/UL patterns, and this can result in base station-to-base station and UE-to-UE interference among cells and networks. For example, for public 5G networks, mobile network operators (MNOs) can isolate indoor cells from outdoor cells. For private 5G networks, verticals can also isolate their networks. The high penetration loss also help to protect factories from malicious jamming from outside.
· Limited transmission range/directional transmission: This helps to reduce interference within the factory and allow high density of radio links.
Further advantages include: 1) Small size of antennas, which is beneficial for the integration into small sensor modules; 2) The large bandwidth together with directional transmission (which allows estimation of angular information) enable high accuracy positioning within factories.
[bookmark: OLE_LINK3]Based on the above characteristics, higher frequency bands (24~30 GHz) are suitable for Industrial IOT deployment. Especially, Global mobile Suppliers Association (GSA) expects the 24.25~27.5 GHz band to be used throughout Europe including for Industry 4.0 and industrial automation applications, and expects that mobile network operators to provide service to industries via slicing technology as well as vertical industry players to operate networks and applications in these bands. Besides, mmWave band has already been auctioned to some MNOs. For example, 26.5~29 GHz has already been auctioned in Korea. Additionally, for United States, 28 GHz will be auctioned in November and 24 GHz will be auctioned soon.  
Thus, considering the above characteristics, advantages and spectrum availability, mmWave bands (24~30 GHz) should be used to perform new channel measurements and channel modeling work for indoor industrial scenario. 

Below 6 GHz
Comparing to above 6 GHz, sub-6 GHz have the natural advantage of coverage due to low path-loss. Especially, as widely acknowledged, the band 3.3~4.2 GHz can provide an appropriate trade-off between favorable radio propagation conditions and sufficient bandwidth availability. Thus, 3.3~4.2 GHz will be the first primary frequency band below 6 GHz for 5G and can bring the necessary capacity for new diverse 5G services. 
In addition, till now, 3.3~4.2 GHz has already been auctioned to some MNOs. For example, 3.6~3.8 GHz has already been auctioned in Spain. 3.4~3.6 GHz has already been auctioned in United Kingdom. 3.42~3.70 GHz has already been auctioned in Korea. It means that MNOs already have the spectrum resources which can be used for Industrial IOT deployment.
Moreover, the 5G NR ecosystem supporting the 3.3~4.2 GHz band will be ready and with broad commercialization commencing soon. Furthermore, the members of 5G-ACIA have identified the 3.4~3.8 GHz band as a good candidate for indoor industrial scenario [2]. Thus, C-band should also be considered to perform new channel measurements and channel modeling work for indoor industrial scenario.
On the other hand, a portion of 4.8~5 GHz and/or 5.8~5.9 GHz could be also considered for smart manufacturing (including private networks if necessary). 
Industry 4.0 has traditionally used Wi-Fi and proprietary technologies at unlicensed 2.4 GHz and 5 GHz due to its accessibility and low cost for some services without low latency or high reliability requirements. For low latency and high reliability services, unlicensed spectrum may not be suitable except for being a complementary tool. Thus, performing specific unlicensed spectrum measurements in 2.4 GHz and 5 GHz ranges may not be needed at this stage.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Based on the above discussions, we present our frequency band of interest in the following proposal.
Proposal 1: At least both mmWave band (24~30 GHz) and below 6 GHz band (3.3~4.2 GHz, 5.8~5.9 GHz) should be used to perform new channel measurements and channel modeling work for indoor industrial scenario.

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following proposals on our frequency band of interest for Industrial IOT:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: At least both mmWave band (24~30 GHz) and below 6 GHz band (3.3~4.2 GHz, 5.8~5.9 GHz) should be used to perform new channel measurements and channel modeling work for indoor industrial scenario.
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