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5.1.1
Architecture
In this subclause, a protocol architecture for supporting Layer 2 evolved UE-to-Network Relay UE is given for the user plane and the control plane.
For protocol architecture for the user plane and control plane, relaying is performed above RLC sublayer. The evolved ProSe Remote UE’s user plane and control plane data are relayed above RLC via the evolved ProSe UE-to-Network Relay UE from the evolved ProSe Remote UE to network and vice versa. Uu PDCP and RRC are terminated between the evolved ProSe Remote UE and the eNB while RLC, MAC and PHY and the non-3GPP transport layers are terminated in each link (i.e. the link between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE and the link between the evolved ProSe UE-to-Network Relay UE and the eNB). The user plane protocol stack and the control plane protocol stack when PC5 is used between the evolved ProSe remote UE and the evolved ProSe UE-to-Network Relay UE is shown in Figure 5.1.1-1 and Figure 5.1.1-2. The user plane protocol stack and the control plane protocol stack when non-3GPP access is used between the evolved ProSe remote UE and the evolved ProSe UE-to-Network Relay UE is shown in Figure 5.1.1-3 and Figure 5.1.1-4.



Editor’s Note: PC5-S is supported (e.g. for establishing a secure connection) using the legacy Rel-13 protocol stack. The illustrated protocol stacks below are only for relay traffic.
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Figure 5.1.1-1: User plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5)
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Figure 5.1.1-2: Control plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5)
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Figure 5.1.1-3: User plane radio protocol stack for layer 2 evolved UE-to-Network relay (non-3GPP access)

[image: image4.emf]Remote UE 1 

L2 Relay UE eNB

PDCP(Uu) 

Adaptation

Non-3GPP L1/L2

RLC(Uu) 

AdaptationAdaptation

Non-3GPP Link (e.g. WiFi)

CN

S1-MME

L1/L2

L1/L2

Non-3GPP 

L1/L2

MAC(Uu) 

PHY(Uu) 

RLC(Uu) 

MAC(Uu) 

PHY(Uu) 

NAS

RRC(Uu)

PDCP(Uu) 

Adaptation

NAS

SCTP

IP

SCTP

IP

RRC(Uu)

S1-AP

S1-AP

Uu (for Downlink and Uplink)


Figure 5.1.1-4: Control plane radio protocol stack for layer 2 evolved UE-to-Network relay (non-3GPP access)
Traffic of one or multiple evolved ProSe Remote UEs may be mapped to a single DRB of Uu interface of the evolved ProSe UE-to-Network Relay UE. Multiple Uu DRBs may be used to carry traffic of different QoS classes, for one or multiple evolved ProSe Remote UEs. It is also possible to multiplex traffic of evolved ProSe UE-to-Network Relay UE itself onto the Uu DRB, which is used to relay traffic to/from evolved ProSe Remote UEs. In the PC5 case, different bearers are distinguished on the sidelink by different LCIDs; in the non-3GPP case, this distinction is made by the adaptation layer as described below.  How the mapping of the traffic between sidelink bearers and Uu bearers is done is up to the eNB implementation and the mapping is configured in evolved ProSe UE-to-Network Relay UE by the eNB. An adaptation layer over Uu is supported to identify the evolved ProSe Remote UE/evolved ProSe UE-to-Network Relay UE and the corresponding bearer.
The adaptation layer between the evolved ProSe UE-to-Network Relay UE and the eNB is able to differentiate between bearers (SRBs, DRBs) of a particular evolved ProSe Remote UE. The QoS associated with different bearers between the evolved ProSe UE-to-Network Relay UE and the eNB can be applied. How to guarantee end-to-end bearer-level QoS for evolved ProSe Remote UE is not fully studied, pending on further discussion on QoS over PC5 in the normative phase.
Editor’s Note: It is FFS how DRBs are configured, defined, and handled on Uu and PC5.
[…]
5.1.2.1
Discovery and connection establishment procedure

Discovery is defined as the process that detects and identifies another UE in proximity. For PC5, legacy relay discovery procedure is assumed to be used as a baseline. The legacy discovery physical channel is assumed to be used and the size of the discovery message is assumed to be fixed to 232 bits as the legacy discovery message size.
Editor’s Note: RAN2 can study if additional enhancements to the relay discovery procedure are needed.  

In order for evolved ProSe Remote UE to communicate with the network via evolved ProSe UE-to-Network Relay UE, it is necessary to establish connection between evolved ProSe Remote UE and evolved ProSe UE-to-Network Relay UE. For PC5, “PC5 Signalling Protocol" (using the Rel-13 protocol stack) is assumed to be used for establishing a secure connection and the legacy connection establishment procedure is assumed to be used.
Editor’s Note: RAN2 can study RAN2 specific enhancements related to connection establishment for power consumption purposes.  
5.1.2.2
Paging for evolved ProSe Remote UE

In this study, it is assumed that the evolved ProSe Remote UE should be linked with the evolved ProSe UE-to-Network Relay UE in order to receive paging via the evolved ProSe UE-to-Network Relay UE. The evolved ProSe Remote UE supports reception of paging over the linked evolved ProSe UE-to-Network Relay UE while the evolved ProSe Remote UE is in and out of E-UTRAN coverage. The evolved ProSe UE-to-Network Relay UE supports forwarding of paging for the evolved ProSe Remote UE located in and out of E-UTRAN coverage.
Editor’s Note: It is FFS if the eNB can configure the evolved ProSe Remote UE whether it should monitor Uu for reception of the paging message or the evolved ProSe Remote UE should monitor sidelink for reception of the paging message while evolved ProSe Remote UE is in-coverage.
There are multiple possible paging options with which the evolved ProSe Remote UE in RRC_IDLE can be reachable in downlink when it is in E-UTRAN coverage or out of E-UTRAN coverage as shown below. Down-scoping of the paging options is left to WI phase.
Option 1: The evolved ProSe Remote UE monitors its own paging occasion (PO) over Uu interface, so the evolved ProSe UE-to-Network Relay UE does not need to relay the evolved ProSe Remote UE’s paging over short range link. The evolved ProSe Remote UE with single receiver need to monitor Uu only in this option since the evolved ProSe Remote UE cannot be linked to the evolved ProSe UE-to-Network Relay UE via PC5 interface to send or receive data while monitoring POs via Uu simultaneously. This option is shown in Figure 5.1.2.2-1.
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Figure 5.1.2.2-1: Paging for evolved ProSe Remote UE (Option 1)

Advantages:

-
The evolved ProSe UE-to-Network Relay UE does not need to relay the evolved ProSe Remote UE’s paging over short range link so that additional power consumption for L2 relay UE and additional use of SL resource are not required.
Disadvantages:

-
It is not applicable when the evolved ProSe Remote UE is out of E-UTRAN coverage;

-
If the evolved ProSe Remote UE is linked to the evolved ProSe UE-to-Network Relay UE while receiving via Uu, the evolved ProSe Remote UE needs to attempt paging reception over downlink in addition to the reception of short range link while linked to the evolved ProSe UE-to-Network Relay UE. This is less power efficient for the evolved ProSe Remote UE.
Option 2: The evolved ProSe UE-to-Network Relay UE monitors its linked evolved ProSe Remote UE’s PO in addition to its own PO. The evolved ProSe Remote UE does not need to attempt paging reception over downlink while linked to the evolved ProSe UE-to-Network Relay UE. The evolved ProSe UE-to-Network Relay UE may need to monitor multiple paging occasions. The evolved ProSe UE-to-Network Relay UE has to know the paging occasion of the evolved ProSe Remote UE and has to decode a paging message and determine which evolved ProSe Remote UE the paging is for. Also, the evolved ProSe UE-to-Network Relay UE may need to relay the evolved ProSe Remote UE’s paging over short range link. This option is shown in Figure 5.1.2.2-2.
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Figure 5.1.2.2-2: Paging for evolved ProSe Remote UE (Option 2)
Advantages:
-
It is commonly applicable to both when the evolved ProSe Remote UE is in and out of E-UTRAN coverage; 

- 
The evolved ProSe Remote UE does not need to attempt paging reception over DL while linked to the evolved ProSe UE-to-Network Relay UE. This is more power efficient for the evolved ProSe Remote UE; 
- 
No need for network to know whether the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE are linked or associated.

Disadvantages: 

-
The evolved ProSe UE-to-Network Relay UE needs to monitor multiple POs.  This is less power efficient for the evolved ProSe UE-to-Network Relay UE as the power consumption may increase depending on the number of evolved ProSe Remote UEs linked to the evolved ProSe UE-to-Network Relay UE;

-
The evolved ProSe UE-to-Network Relay UE needs to relay evolved ProSe Remote UE’s paging over short range link. This causes additional power consumption for the evolved ProSe UE-to-Network Relay UE and additional use of SL resource.
Option 3: The evolved ProSe UE-to-Network Relay UE monitors its own PO only and paging for the linked evolved ProSe Remote UE is also sent in the evolved ProSe UE-to-Network Relay UE’s PO. The evolved ProSe Remote UE does not need to attempt paging reception over downlink while linked to the evolved ProSe UE-to-Network Relay UE. The evolved ProSe UE-to-Network Relay UE has to decode a paging message, determine which evolved ProSe Remote UE the paging is for and needs to relay the evolved ProSe Remote UE’s paging over short range link. In order to page the evolved ProSe Remote UE, the core network (i.e. MME) is required to know linked status between the evolved ProSe UE-to-Network Relay UE and the evolved ProSe Remote UE and remap evolved ProSe Remote UE’s paging messages to occur on evolved ProSe UE-to-Network Relay UE’s POs when evolved ProSe Remote UE are linked. This option is shown in Figure 5.1.2.2-3.
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Figure 5.1.2.2-3: Paging for evolved ProSe Remote UE (Option 3)
Advantages:
-
It is commonly applicable to both when the evolved ProSe Remote UE is in and out of E-UTRAN coverage;

-
The evolved ProSe Remote UE does not need to attempt paging reception over DL while linked to the evolved ProSe UE-to-Network Relay UE. This is more power efficient for the evolved ProSe Remote UE;

-
The evolved ProSe UE-to-Network Relay UE does not need to monitor multiple POs. This is more power efficient for the evolved ProSe UE-to-Network Relay UE compared to the option 2.

Disadvantages:
-
The evolved ProSe UE-to-Network Relay UE needs to relay evolved ProSe Remote UE’s paging over short range link. This causes additional power consumption for evolved ProSe UE-to-Network Relay UE and additional use of SL resource;

-
The network needs to know linked status between the evolved ProSe UE-to-Network Relay UE and the evolved ProSe Remote UE.
Based on the system impact, Option 2 is selected as a paging relaying solution for further work. For this option, the exact timing relationship between the relay of paging message and the evolved ProSe Remote UE PO on Uu interface needs to be further discussed in work item phase. 
 […]

5.1.2.4
Group mobility of evolved ProSe UE-to-Network Relay UE and evolved ProSe Remote UEs

In this scenario, both of the evolved ProSe Remote UE (wearable device) and the evolved ProSe UE-to-Network Relay UE are moved (i.e. in case of mobility) from one eNB to another eNB. The evolved ProSe Remote UE remains connected to the same evolved ProSe UE-to-Network Relay UE.


[image: image8.emf]Evolved ProSe 

Remote UE

eNB 1

eNB 2

Evolved ProSe 

Relay UE

Uu

D2D

Uu


Figure 5.1.2.4-1: Scenario for group handover 

When the evolved ProSe UE-to-Network Relay UE is handed over between serving cells, any evolved ProSe Remote UEs served by it need to be considered for handover as well, so that their contexts in the network can remain collocated with the context of the evolved ProSe UE-to-Network Relay UE. Several options are considered to facilitate this type of group mobility as shown below. However, the detailed impacts of each option have not been discussed during the study item.
A “group” of UEs can be identified by the serving eNB, where how to identify the group is subject to RAN2/SA2 discussion. Once a group has been identified, the eNB may use various inputs, e.g. measurement report(s), to prepare group handover towards the most likely candidate target cell(s). This will increase the time available for handover execution, reduce the risk of handover failure, and result in more accurate resource allocation at the target cell.
As the group handover optimisations are not considered to maintain independent signalling of the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE, it was concluded to not further pursue group handover specification in the normative phase.
[…]

7
Conclusions

Editor notes: Summarize the findings of the study on Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables.
Bi-directional Layer 2 evolved ProSe UE-to-Network Relay UE is feasible from RAN2 perspective.

The impact of unidirectional relay was not fully analysed from RAN2 perspective.

DRX enhancements over PC5 is feasible from RAN2 perspective.

As the group handover optimisations are not considered to maintain independent signalling of the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE, it was concluded to not further pursue group handover specification in the normative phase.

Three path switch/mobility scenarios are listed, and different solutions are provided for each scenario with the preliminarily identified RAN3 impacts. The down selection of the solutions, if and how to standardize these solutions may be discussed in the normative phase. Note that the further work on inter-relay path change scenario may be undertaken, depending on RAN2 progress.
The associated QoS between the evolved ProSe UE-to-Network Relay UE and the eNB can be applied. QoS on PC5 will be discussed further in the normative phase.
Based on the system impact, Option 2 is selected as a paging relaying solution for further work.
The following sidelink enhancements are considered as feasible from RAN1 perspective and can be considered for further normative work:
-
Sidelink support for evolved ProSe UEs with single RX chain, RF bandwidth limitation (including UEs with 1 and 6 PRB bandwidth limitation), with or without sidelink reception capabilities. It is noted that from physical layer perspective more standardization efforts and specification impact are expected to support evolved ProSe UEs with 1 PRB bandwidth limitation primarily due to additional work on sidelink synchronization and discovery comparing to 6 PRB bandwidth limited UEs;

-
Enhancements of sidelink synchronization procedure aiming to enable evolved ProSe UE-to-Network Relay UE to serve as a synchronization source for evolved ProSe Remote UE;

-
Enhanced discovery procedure and signalling aiming to improve discovery performance and communication establishment with evolved ProSe UE-to-Network Relay UE for bandwidth limited evolved ProSe Remote UEs;

-
Enhancements targeting sidelink unicast communication, including eNB-controlled and evolved ProSe UE-to-NW Relay UE assisted resource allocation modes, semi-persistent scheduling, sidelink power control, sidelink measurements and reporting / feedback for sidelink link adaptation.
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