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1 Introduction

At RAN#72 the objectives for the SI “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” were updated as shown below [1].
	The study item will study following coverage scenarios: 

-
Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage. 

-
Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode).

-
Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.

Following is the list of objectives for the three identified coverage scenarios:

1.
Study and evaluate a generic Layer 2 evolved UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a evolved Remote UE via an evolved ProSe UE-to-Network Relay UE. [RAN2]

a.
Study the possibility of  a common solution supporting the following use cases:[RAN2]

i.
UE to network relaying over non-3GPP access (Bluetooth/WiFi). 

ii.
UE to network relaying over LTE sidelink. 

iii.
Unidirectional and bidirectional UE to network relay.

b.
Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple evolved Remote UEs via an evolved ProSe UE-to-Network Relay UE.[RAN2] 

c.
Study path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity and QoS [RAN2, RAN3].


In this paper we analyse objective 1 and the coverage scenarios to increase the understanding of which scenarios should be studied in the SI.
2 Discussion
We try to analyse the solution space for all possible scenarios. From the objectives we note the following factors defining a scenario. Regarding coverage the Evolved ProSe Remote UE can be in coverage or out of coverage from E-UTRAN. We think the extended coverage scenario can be coupled with some general “UE capability” of the Evolved ProSe Remote UE. From the SID it is clear that the UE categories of the Evolved ProSe Remote UE can be roughly divided into “Full” Uu capability, eMTC capable, and NB-IoT capable UE, based on its capability to communicate over Uu. We think this is an important aspect to take into consideration, as a NB-IoT UE (over Uu) will not support the Rel-13 sidelink. Instead, the sidelink channels need to be studied under this restriction. The SID also mentions unidirectional and bidirectional relaying. Unidirectional relaying means that the Evolved ProSe Remote UE transmits to the Evolved ProSe UE-to-Network Relay, but receives from the eNB. Lastly, the SID calls for a study of non-3GPP access as well as a 3GPP-based access.
This can be summarized in the list below.

-
Coverage of the Evolved ProSe Remote UE
1.
In coverage from E-UTRAN

2. Out of coverage from E-UTRAN

-
Degree of complexity of the Evolved ProSe Remote UE based on its Uu capability

1.
“Full” Uu capability

2.
eMTC capability (i.e. capable of at most Cat-M1)
3.
NB-IoT capability (i.e. capable of at most Cat-NB1)
-
Directionality of the relay link
1.
Unidirectional

2.
Bidirectional

-
Access type of the relay link

1.
3GPP-based

2.
non-3GPP-based

Assuming that all these factors are independent, it results in 2*2*3*2=24 different scenarios. However, some of these scenarios are not sensible for future study. For example, we do not think an Evolved ProSe Remote UE out of coverage can be supported by unidirectional relaying as it cannot receive the downlink from the eNB. Regarding the capabilities of the Evolved ProSe Remote UE, we think that if it supports “Full” Uu capability, it could also support non-3GPP-based access on the relay link. Similarly, a NB-IoT UE would probably not support a non-3GPP access on the relay link, as that would probably increase the complexity of the UE. However, if the Evolved ProSe Remote UE has eMTC capability we are not sure whether a non-3GPP-based access can be supported. The motivation to include unidirectional relaying is to reduce the complexity of the Evolved ProSe Remote UE as to only allow a single radio, whereas the motivation to include the non-3GPP technologies is to leverage on the existing radio capabilities in the UEs. Therefore, it is not likely to support unidirectional relaying over non-3GPP access, as the Evolved ProSe Remote UE would already be installed with dual radios.
In the table below, all 24 scenarios are shown, but non-sensible scenarios have been greyed out.
	Scenario number
	Evolved ProSe Remote UE Coverage
	Evolved ProSe Remote UE Complexity
	Relay link Directionality
	Relay link Access type
	Comments

	1
	In coverage
	“Full” Uu cap.
	Unidirectional
	3GPP-based
	

	2
	In coverage
	“Full” Uu cap.
	Unidirectional
	Non-3GPP
	

	3
	In coverage
	“Full” Uu cap.
	Bidirectional
	3GPP-based
	

	4
	In coverage
	“Full” Uu cap.
	Bidirectional
	Non-3GPP
	

	5
	In coverage
	eMTC cap.
	Unidirectional
	3GPP-based
	

	6
	In coverage
	eMTC cap.
	Unidirectional
	Non-3GPP
	

	7
	In coverage
	eMTC cap.
	Bidirectional
	3GPP-based
	

	8
	In coverage
	eMTC cap.
	Bidirectional
	Non-3GPP
	Questionable

	9
	In coverage
	NB-IoT cap.
	Unidirectional
	3GPP-based
	

	10
	In coverage
	NB-IoT cap.
	Unidirectional
	Non-3GPP
	

	11
	In coverage
	NB-IoT cap.
	Bidirectional
	3GPP-based
	

	12
	In coverage
	NB-IoT cap.
	Bidirectional
	Non-3GPP
	

	13
	Out of coverage
	“Full” Uu cap.
	Unidirectional
	3GPP-based
	

	14
	Out of coverage
	“Full” Uu cap.
	Unidirectional
	Non-3GPP
	

	15
	Out of coverage
	“Full” Uu cap.
	Bidirectional
	3GPP-based
	

	16
	Out of coverage
	“Full” Uu cap.
	Bidirectional
	Non-3GPP
	

	17
	Out of coverage
	eMTC cap.
	Unidirectional
	3GPP-based
	

	18
	Out of coverage
	eMTC cap.
	Unidirectional
	Non-3GPP
	

	19
	Out of coverage
	eMTC cap.
	Bidirectional
	3GPP-based
	

	20
	Out of coverage
	eMTC cap.
	Bidirectional
	Non-3GPP
	Questionable

	21
	Out of coverage
	NB-IoT cap.
	Unidirectional
	3GPP-based
	

	22
	Out of coverage
	NB-IoT cap.
	Unidirectional
	Non-3GPP
	

	23
	Out of coverage
	NB-IoT cap.
	Bidirectional
	3GPP-based
	

	24
	Out of coverage
	NB-IoT cap.
	Bidirectional
	Non-3GPP
	


It can be noted that not all of these scenarios “start from scratch” in Rel-14. For example, scenarios 3 and 15 are almost supported by the Rel-13 relay, even though that solution strictly speaking is not a Layer-2 relay. 

Regarding the assumption of support for non-3GPP-based relay link for eMTC-capable Evolved ProSe Remote UE, we think there are strong arguments for both camps. We suggest RAN2 to discuss and decide on this matter.

Proposal 1 RAN2 to discuss and agree whether it can be assumed that an eMTC-capable Evolved ProSe Remote UE is able to support a relay link based on non-3GPP technology.

These scenarios are summarized in section 3, which contains a text proposal. We suggest that RAN2 agrees to include the text proposal in the TR.
Proposal 2 RAN2 to agree to include the text proposal in the TR.
3 Text Proposal

Scenarios to study
The purpose of this section is to describe which scenarios the relaying solution must support. According to the Study item description (SID) the following factors can be seen as the most important ones defining each scenario. 

-
Coverage of the Evolved ProSe Remote UE
-
Device complexity of the Evolved ProSe Remote UE based on its Uu capability

-
Directionality of the relay link
-
Access type of the relay link

With respect to coverage, the Evolved ProSe Remote UE can be either in or out of coverage of the eNB. The SID mentions Extended Coverage, but that can be coupled to the capability of the Evolved ProSe Remote UE. Furthermore, the Evolved ProSe Remote UE is always in coverage of the Evolved ProSe UE-to-Network Relay. There is no “Extended Coverage” between these two nodes.
With respect to device complexity, the Evolved ProSe Remote UE can be at most NB-IoT capable, eMTC capable, or have a capability roughly considered as “Full” Uu capability. This implies the Evolved ProSe Remote UE is not limited in e.g. bandwidth or power in the sense that UEs, which are at most NB-IoT or eMTC capable, are.
With respect to directionality of the relay link, the SID mentions bidirectional or unidirectional relaying. Unidirectional relaying means that the Evolved ProSe Remote UE transmits to the Evolved ProSe UE-to-Network Relay, but receives from the eNB.
With respect to the access type of the relay link, the SID mentions that it can be either 3GPP-based or non-3GPP-based (e.g. based on WLAN or Bluetooth). 

If all the four factors were independent, there would be 2*2*3*2=24 different scenarios. However, some scenarios can be ruled out, as there are dependencies between the factors as listed below.
1.
A unidirectional relay link assumes the Evolved ProSe Remote UE is in coverage, as it receives signals from the eNB. Hence, unidirectional relaying out of coverage is not studied.

2.
As NB-IoT UEs are supposed to have very low complexity, supporting non-3GPP-based relay link would increase the complexity. Hence, solutions where a NB-IoT capable Evolved ProSe Remote UE supports non-3GPP-based relay links are not studied.
3.
The purpose of unidirectional relaying is to minimize the complexity of the Evolved ProSe Remote UE. If a non-3GPP-based relay link was supported, that would increase the complexity. Hence, solutions with a unidirectional, non-3GPP-based relay link are not included.

Taking these into account there are 13 scenarios to study as shown in the table below.
	Scenario number
	Evolved ProSe Remote UE Coverage
	Evolved ProSe Remote UE Complexity
	Relay link Directionality
	Relay link Access type

	1
	In coverage
	“Full” Uu cap.
	Unidirectional
	3GPP-based

	2
	In coverage
	“Full” Uu cap.
	Bidirectional
	3GPP-based

	3
	In coverage
	“Full” Uu cap.
	Bidirectional
	Non-3GPP

	4
	In coverage
	eMTC cap.
	Unidirectional
	3GPP-based

	5
	In coverage
	eMTC cap.
	Bidirectional
	3GPP-based

	6
	In coverage
	eMTC cap.
	Bidirectional
	Non-3GPP

	7
	In coverage
	NB-IoT cap.
	Unidirectional
	3GPP-based

	8
	In coverage
	NB-IoT cap.
	Bidirectional
	3GPP-based

	9
	Out of coverage
	“Full” Uu cap.
	Bidirectional
	3GPP-based

	10
	Out of coverage
	“Full” Uu cap.
	Bidirectional
	Non-3GPP

	11
	Out of coverage
	eMTC cap.
	Bidirectional
	3GPP-based

	12
	Out of coverage
	eMTC cap.
	Bidirectional
	Non-3GPP

	13
	Out of coverage
	NB-IoT cap.
	Bidirectional
	3GPP-based


4 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 to discuss and agree whether it can be assumed that an eMTC-capable Evolved ProSe Remote UE is able to support a relay link based on non-3GPP technology.
Proposal 2
RAN2 to agree to include the text proposal in the TR.


5 References

[1] RP-161303, 3GPP Work Item Description: Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables, Qualcomm Incorporated, Intel, Huawei, HiSilicon, LG Electronics Inc., 3GPP TSG RAN Meeting #72, Busan, Korea, June 13 - 16, 2016


2/5


