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1 Introduction

Enhancement for MTC and NB-IoT has been studied and specified in the past, from the aspects of power consumption, spectrum efficiency, coverage and peak data rate. However, one important drawback of current design is the high overhead and low system efficiency, due to the use of repetition as the main technique to improve coverage. In practice this solution usually leads to high network overhead and UE power consumption due to the large number of repetitions needed for UEs with high coupling loss. 

Deployment of relay Node/ Relay UEs can potentially alleviate these problems by reducing the number of UEs requiring large coverage enhancements. In the recent RAN Rel-17 email discussion there is a strong interest from companies for explore enhancement in this direction. However, it can be seen companies have different understanding regarding requirement and scenarios. 

In this contribution, it is proposed to setup a joint study item to further study solution in this aspects. 
2 Discussion
2.1 Motivation and Requirement

As has been discussed, to deal with the challenges of further enhancement of eMTC/NB-IoT, it is important to solve the problem from another perspective, one possible candidate is relay node. There are several advantage of the introduction of relay. Firstly, it is possible this solution is transparent for the deployed IoT devices. This is extremely important, since some new enhancement, such as EDT, PUR, WUS has been introduced in the latest Rel-16 MTC and NB-IoT, however, for the majority of deployed IoT network, they cannot take advantage of these enhancement to improve UE power consumption and system efficiency/capacity. If the solutions specified can also work for the deployed devices from cost perspective it is extremely welcome. Since generally the IoT network has relatively long service period in mind, deployment of relay node can help them take advantage of the enhancement from newer release and achieve these goals.

Secondly, to achieve better coverage, the use of repetition has been extended to the extreme. For example, in Rel-16 NB-IoT, a NPUSCH transmission would last 40960ms (10 RU, 128 repetition) to achieve the targeted coverage extension. This has already caused severe increase on system overhead UE power consumption. On the other hand, there are still requirement for further enhance of coverage and power consumption, for example, deep sea logistics, satellite communication for agriculture etc. It is simply not possible to further increase the number of repetition to achieve higher coverage enhancement target.  The introduction of relay node seems to be the viable solution. 

Recently it has been discussed the application of satellite communication for LPWA IoT devices, which promise to address vertical demand and achieve global coverage. Relay node can also help in this scenario, considering the characteristics of IoT devices.

During the email discussion quite a lot companies have shown interest for relay node. However, they also show different understand of requirement and scenarios. For example, some are more concerned about UE complexity therefore they prefer NW-based relay node, while others prefer UE based relay which could potentially provide more flexible deployment scenarios. Furthermore, for UE-based relay, it could be sidelink based or Uu based. Compare with legacy IoT UE category, decision should be made regarding the increase of UE cost and complexity. There are also different preference regarding if L1 or L2/L3 relay should be chosen. For example L1/L2 layer is more applicable for cellular network while L2/L3 layer can be considered for satellite communication.  In short, it is evident that a study phase is definitely needed before any normative works.

Originally the discussion is with the eMTC/NB-IoT broader scope and separated between eMTC and NB-IoT, however, it seems this is not an efficient method to manage the study item. The scope of this study is relative independent from other IoT specification work, and it is likely that the potential solution for eMTC and NB-IoT are more or less similar and there is a lot of overlap between if the study is conducted separately. In fact, it is highly desirable that a common solution is targeted for both eMTC and NB-IoT. Also, it is expected some TU requirement for this study is needed. Having a separate SI also facilitate more accurate estimate of TU requirement. The rest of the Rel-17 eMTC and NB-IoT enhancement can be managed similar to what is done in Rel-16, where two WI can be created for that purpose. Considering the current status in RAN WG as well as the scope of the SI, it seems there is no time to start WI in Rel-17 time frame. The practical and realistic approach is to dedicate the allocated TU to complete the SI in Rel-17.

Proposal 1: An independent single SI for Rel-17 IoT relay enhancement for both eMTC/NB-IoT is needed.
2.2 Design principle and deployment scenarios 

It is highly desirable that the relay node can be utilized by as many UE as possible. Besides this, there are several other principles that should be followed.

Proposal 2: The IoT relay should follow the following consideration:
· Can be used by legacy IoT devices

· Extend the UL coverage.

· Improve  radio resource efficiency(e.g. less repetition number) and reduce UE power consumption

· Does not increase the UE complexity

Some typical deployment scenario should be identified, where evaluation methodology should be agreed for further performance evaluation. For example, the following are four typical scenarios:

· Scenario 1: indoor hotspot 
For indoor hotspot scenario, deployment of RN can increase user throughputs and reach UEs with large pathloss. These RN usually has power supply and can be installed by customers. The follows are some of the characteristics of these relay scenario: 

· RN with relatives small coverage  
· RN service limited number of UE 
· High coupling loss exists between RN and serving eNB

· RN is usually fixed

· RN supplied by service provider but customer usually installs themselves 
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Fig 1 indoor enhancement

· Scenario 2:  Group mobility

RN is deployed on moving vehicle (including trains, ships etc). With deployed RN, unnecessary mobility switching can be reduced. The characters for this scenario include: 

· RN typically has small coverage  
· RN provide service for relative large number of UE 
· Consider mobility for the RN

· The coupling loss between RN and the eNB various 

· The scenario could include deep ocean communication via satellite 
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Fig 2 Group mobility

· Scenario 3:  Urban  hotspot    

RN is deployed in urban hotspot to improve system efficiency/capacity. The characteristics of this scenario include:

· RN provide service for relative large number of UE 
· RN is fixed  

· RN typically has larger coverage
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Fig 3  Urban  hotspot

· Scenario 4:  sparse populated areas    

RN is deployed in sparse populated areas to reduce network deployment costs and improve coverage. The characteristics of this scenario include:

· cell region is large
· user location is sparse
· RN is fixed  
· RN is connected to gateway via satellite
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Fig 4  sparse populated areas
2.3 Relay SI scope

Considering the above discussion, it is beneficial for the scope of the SI to include the following objectives:

Proposal 3: The scope of relay SI should at least includes the following objectives:
Identify and evaluate potential solutions for relaying for NB-IoT and LTE-MTC
· Study scenario and requirement
· Study Evaluation methodology
· Study and define Relay node class, e.g. L1 relay or L2 relay or L3 relay，Relay based UE or Relay based NW et
· Study and define Backhaul link requirements
· Study and define Access link requirements

· Evaluation and Analysis 
3 Conclusions

In this contribution, we give our view regarding a Rel-17 SI for IoT relay. The following are the proposals:

Proposal 1: An independent single SI for Rel-17 IoT relay enhancement for both eMTC/NB-IoT is needed.
Proposal 2: The IoT relay should follow the following consideration:

· Can be used by legacy IoT devices

· Extend the UL coverage.

· Improve  radio resource efficiency(e.g. less repetition number) and reduce UE power consumption

· Does not increase the UE complexity

Proposal 3: The scope of relay SI should at least includes the following objectives:
Identify and evaluate potential solutions for relaying for NB-IoT and LTE-MTC
· Study scenario and requirement
· Study Evaluation methodology
· Study and define Relay node class, e.g. L1 relay or L2 relay or L3 relay，Relay based UE or Relay based NW et
· Study and define Backhaul link requirements
· Study and define Access link requirements
· Evaluation and Analysis 
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