3GPP RAN WG2 Meeting #111-e
R2-2006759
Electronic, August 17 – August 28, 2020
Agenda Item:
8.7.3
Source:
InterDigital Inc.
Title:
Discussion and TP on UE to NW Relay Based on L2 Relay Architecture
Document for:
Discussion, Decision

1 Introduction
The Rel17 SID on NR Sidelink Relay has the following objective [1] :
1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];
A. Relay (re-)selection criterion and procedure;

B. Relay/Remote UE authorization;

C. QoS for relaying functionality;
D. Service continuity;

E. Security of relayed connection after SA3 has provided its conclusions;

F. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
In this contribution, we discuss each of the aspects in the above objective for the case of L2 UE to NW relay, with the exception of E, which depends on SA3 inputs, and B, which is mostly related to RAN3 work.  Text proposals to the NR Sidelink Relay TR for each of these aspects for the L2 UE to NW relay are provided in the appendix.   
2 L2 Architecture for UE to NW Relay
In the Rel17 NR Sidelink Relay SID [1], study of aspects A-F (given in the introduction section) is expected for both L2 and L3 relay.  Except for security and UE authorization, which are highly dependant on other groups, RAN2 can lead discussions/work on the other aspects.

For the case of a L2 architecture, the SID also recommends that the architecture of end-to-end PDCP and hop-by-hop RLC recommended in TR 36.746 is taken as the baseline.  As discussed in our companion contribution [2], the scenarios and requirements for UE to NW relay that were captured in this TR are also applicable to NR Sidelink Relay.  Similarly, the architecture from that TR can also be re-used for NR in R17.  

There are, however, a few exceptions/differences concerning the applicability of the architecture in FeD2D in the NR study.  Firstly, the differences between the LTE Uu architecture and NR Uu architecture (e.g. SDAP and flow-based QoS) should be taken into account.  Secondly, the non-3GPP links (e.g. WiFi) studied in FeD2D do not need to be considered in the Rel17 work.  A TP has been included in the appendix where the architecture in TR 36.746 is adapted with these differences.  
Proposal 1:
The architecture in TR 36.746 (FeD2D) is re-used for L2 UE to NW Relay in R17 with the following changes: 1) Consideration of the NR Uu QoS architecture is added (e.g. SDAP layer) and 2) Non-3GPP links (e.g. WiFi) are not considered
Relay Selection/Reselection

In Rel13 D2D, relay (re)selection was performed by the remote UE based on a combination of upper layer criteria and measured RSRP of the relay UE (from the discovery signal).  Similarly, the criteria for a UE to act as a UE to NW relay is based on RSRP measurements of the Uu link.  Specifically, the eNB broadcasts a minimum and/or maximum Uu link RSRP threshold(s) that the UE must respect before it can initiate UE to NW discovery procedure.

As discussed in our companion contribution [3], there may be some impacts to the discovery procedure given the lack of a dedicated PHY channel for discovery.  However, RSRP measurements of discovery transmissions can still be used for relay (re)selection and relay determination.  
For the L2 architecture, the gNB is aware of traffic being relayed for a remote UE by a given UE to NW relay.  For this reason, at least for the cases where the remote/relay UE are RRC_CONNECTED, relay selection/reselection, as well as relay activation decision can be network controlled or network assisted in order to take into account not only the quality of the relay, but also network load balancing decisions.  

Proposal 2:
NW-assisted/NW controlled relay (re)selection procedure is supported for L2 UE to NW relay
In Rel13 D2D, relay reselection can be triggered either when the PC5 signal strength of the relay is below a threshold, or when an upper layer release is received by the relay.  Rel16 sidelink has introduces AS-layer unicast connection, and therefore additional reselection triggers may be needed.  For example, a UE may trigger SL-RLF due to RLC retransmissions, which may not coincide with degraded RSRP.  Reselection should therefore occur also as a result of failures in link management (i.e. RLF)
Proposal 3:
Relay (re)selection triggers due to sidelink failure (e.g. SL-RLF) are studied
Connection Establishment 
In FeD2D, an “associated” state between the remote UE and the relay UE was required in order for relaying to be initiated.  In NR sidelink, the associated state for can be represented by a PC5-RRC connection to the relay UE.  The remote UE can then establish a Uu RRC CONNECTION via a UE to NW relay once the PC5-RRC connection for relaying is established with the relay UE.
Proposal 4:
A UE can establish a Uu RRC CONNECTION via a UE to NW relay when the UE has a SL PC5-RRC connection for relaying established with the relay UE

Similar to FeD2D, once an association with the relay UE is established, a remote UE in coverage may stop performing certain functions via Uu and perform them directly via the SL relay.  Specifically, in FeD2D, the remote UE is expected to receive system information and paging via the UE to NW relay.  In the case of system information, which SIBs are relayed can be further discussed in the context of NR system information.  In the case of paging, FeD2D studied different methods for paging:

· Option 1: The remote UE monitors its own paging occasions over Uu
· Option 2: The relay UE monitors its linked remote UE’s paging occasions and its own paging occasions.

· Option 3: The relay UE monitors its own paging occasions only and paging for the remote UE is sent on the relay UE’s paging occasions.

The conclusion in TR 36.746 was to specify the method where the relay UE monitors the paging occasions of the remote UE (i.e. Option 2).  For this option, the relay UE can derive the paging occasions based on information provided in the PC5-RRC reconfiguration following establishment of the unicast link.
Proposal 5:
A relay UE supports relaying of system information for the linked remote UEs.  FFS which SIBs are relayed and how the relay knows this. 
Proposal 6:
A relay UE monitors the paging occasions of the remote UE and forwards any received paging messages to the remote UE.

Connection Management 
For each of legacy SL and Uu RRC connections, radio link management of an RRC connection (Uu RRC or PC5-RRC) is performed by measurements/procedures occurring predominantly at the protocol layers below RLC.  For Uu, RLM/RLF is based on measurements of downlink RS and is declared/determined by RRC based on IS/OOS indications from the PHY layers and counters/timers at the RRC.  For SL, RLF is declared/determined by PC5-RRC layer based on RLF indication from RLC or MAC.

When a Uu RRC connection is established via a relay UE, some form of link management of that connection should also be performed.  Since each individual sublink/connection can perform some link management below RLC layers, end-to-end connection management can be defined based on the radio link status of each of these sublinks/connections, without the need to define an entirely new connection management procedure.  Specifically, the legacy Uu RLF and SL-RLF can be re-used to determine the end-to-end link status at the remote UE.  
Proposal 7:
A remote UE’s link status (i.e. RLF) when RRC_CONNECTED via a relay UE is determined based on individual link status’ of the PC5-RRC connection with the relay UE, and the Uu RRC Connection of the relay UE.

The remote UE can be informed of a loss of RRC CONNECTION of the relay UE.  This functionality was specified in the BAP layer in IAB for this particular purpose, and can be re-used for the SL relay.  

For the PC5-RRC connection between the relay UE and the remote UE, the remote UE can at least determine SL-RLF based on its own transmissions using HARQ and/or RLC mechanisms.  In addition, SL-RLF may be detected by the relay UE and informing the remote UE may be possible (e.g. via the network for an in-coverage UE).  Whether support of an indication would be useful would further depend on RAN2 discussions on service continuity.
Proposal 8:
RAN2 studies mechanisms to inform the remote UE about link status events (e.g. Uu RLF) at the relay UE.

As discussed in our companion contribution [2], service continuity is one of the requirements for UE to NW relays and different scenarios for service continuiuty are being studied by SA2.  Service continuity can be ensured if data is not lost during a change in path (e.g. between direct/indirect paths, or as a result of change in relay).  Since PDCP and SDAP are end-to-end for a L2 relay architecture, the UE’s bearers can be maintained during the path change.  This should be the case regardless of the reason for the change in path (e.g. RLF or relay (re)selection).  RAN2 should therefore support recovery mechanisms applicable to each scenario for service continuity studied by SA2..     
Proposal 9:
Support recovery mechanisms applicable to L2 relays which maintain a remote UEs end-to-end Uu RRC connection for the following path change scenarios:1) Change from direct (Uu) link to relayed link and vice versa and 2) Change from one relayed link to another relayed link (via a different relay)

QoS 
In each of SL and Uu, QoS is achieved by the concept of mapping QoS flows to appropriate bearers based on network configuration.  To achieve QoS for a L2 UE to NW relay, an appropriate mapping between a SL bearer and Uu bearer can be configured.   In line with FeD2D, this can be achieved by network implementation and provided by configuration to the relay UE and the remote UE.  Specifically, the remote UE can be configured with a mapping rule to map an end-to-end bearer (between the end-to-end PDCP entities) to a SL RLC bearer.  In addition, the relay UE can be configured with a mapping rule to map a SL bearer to a Uu bearer and vice versa. 
Proposal 10:
The relay/remote UE is configured with a mapping rule to map between SL DRB and Uu/E-to-E DRB.

A remote UE will have a number of established QoS flows with the network which are carried over SL RLC bearers on the link between the remote UE and UE to NW relay.  Whether QoS can be maintained for these flows will depend on the SL characteristics (e.g. CBR).  Mechanisms to enforce QoS for flows established between the remote UE and NW should therefore be studied by RAN2.  At a minimum, an end-to-end bearer (and the corresponding QoS flow) should be released if the SL conditions do not allow the QoS for the corresponding flows to be met. 
Proposal 11:
Mechanism(s) to ensure/enforce end-to-end QoS for QoS flows between the remote UE and NW over the PC5 link are supported for L2 UE to NW relay
A considerable part of QoS is the latency.  The UE to NW relay solution needs to account for latency on Uu, latency on SL, and latency associated with relaying (i.e. latency at the relay UE).  For example, in IAB, pre-emptive BSR was introduced to reduce latency associated with relaying.  Similar mechanisms can be introduced for SL UE to NW relaying, considering the different possible scheduling modes (i.e. mode 1/mode 2) at the remote UE and the UE to NW relay.  Following such study, RAN2 can decide whether/which methods to specify as part of the WI phase.
Proposal 12:
RAN2 studies UL and/or SL scheduling enhancements for reduction of latency at the relay UE for different SL scheduling modes (i.e. mode 1/mode 2).

3 Conclusion
In this contribution, the following conclusions were made on L2-based UE to NW Relay: 

Proposal 1:
The architecture in TR 36.746 (FeD2D) is re-used for L2 UE to NW Relay in R17 with the following changes: 1) Consideration of the NR Uu QoS architecture is added (e.g. SDAP layer) and 2) Non-3GPP links (e.g. WiFi) are not considered

Proposal 2:
NW-assisted/NW controlled relay (re)selection procedure is supported for L2 UE to NW relay

Proposal 3:
Relay (re)selection triggers due to sidelink failure (e.g. SL-RLF) are studied

Proposal 4:
A UE can establish a Uu RRC CONNECTION via a UE to NW relay when the UE has a SL PC5-RRC connection for relaying established with the relay UE

Proposal 5:
A relay UE supports relaying of system information for the linked remote UEs.  FFS which SIBs are relayed and how the relay knows this. 

Proposal 6:
A relay UE monitors the paging occasions of the remote UE anf forwards any received paging messages to the remote UE.

Proposal 7:
A remote UE’s link status (i.e. RLF) when RRC_CONNECTED via a relay UE is determined based on individual link status’ of the PC5-RRC connection with the relay UE, and the Uu RRC Connection of the relay UE.

Proposal 8:
RAN2 studies mechanisms to inform the remote UE about link status events (e.g. Uu RLF) at the relay UE.

Proposal 9:
Support recovery mechanisms applicable to L2 relays which maintain a remote UEs end-to-end Uu RRC connection for the following path change scenarios:1) Change from direct (Uu) link to relayed link and vice versa and 2) Change from one relayed link to another relayed link (via a different relay)

Proposal 10:
The relay/remote UE is configured with a mapping rule to map between SL DRB and Uu/E-to-E DRB.

Proposal 11:
Mechanism(s) to ensure/enforce end-to-end QoS for QoS flows between the remote UE and NW over the PC5 link are supported for L2 UE to NW relay

Proposal 12:
RAN2 studies UL and/or SL scheduling enhancements for reduction of latency at the relay UE for different SL scheduling modes (i.e. mode 1/mode 2).
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5 Appendix – TP to TR 38.xxx

5.1 TP for L2 Architecture

x.x.x
Architecture for L2 UE to NW Relay Solution
In this subclause, a protocol architecture for supporting Layer 2 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 Remote UE's user plane and control plane data are relayed above RLC via the UE-to-Network Relay UE from the Remote UE to network and vice versa. Uu SDAP, PDCP and RRC are terminated between the Remote UE and the gNB while RLC, MAC and PHY are terminated in each link (i.e. the link between the Remote UE and the UE-to-Network Relay UE and the link between the UE-to-Network Relay UE and the gNB). The user plane protocol stack and the control plane protocol stack is shown in Figure x.x.x-1 and Figure x.x.x-2. 
Editor's Note: PC5-RRC is supported using the legacy Rel-16 NR SL protocol stack. The illustrated protocol stacks below are only for relay traffic.
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Figure x.x.x-1: User plane radio protocol stack for layer 2 UE-to-Network relay 
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Figure x.x.x-2: Control plane radio protocol stack for layer 2 UE-to-Network relay 
Traffic of one or multiple Remote UEs may be mapped to a single DRB of Uu interface of the UE-to-Network Relay UE. Multiple Uu DRBs may be used to carry traffic of different QoS flows, for one or multiple Remote UEs. It is also possible to multiplex traffic of UE-to-Network Relay UE itself onto the Uu DRB, which is used to relay traffic to/from Remote UEs. How the mapping of the traffic between sidelink bearers and Uu bearers is done is up to the gNB implementation and the mapping is configured in evolved UE-to-Network Relay UE by the gNB. An adaptation layer over Uu is supported to identify the Remote UE/UE-to-Network Relay UE and the corresponding bearer.
Within a Uu DRB, different Remote UEs and different bearers of the Remote UE are indicated by additional information included in adaptation layer header which is added to PDCP PDU. The Remote UE is identified in the adaptation layer header on Uu by only local identifier (i.e. an index), which is known to at least the gNB and UE-to-Network Relay UE. For identifying bearer of the Remote UE, a bearer identity is indicated by additional information included in adaptation layer header.

5.2 TP for Relay Selection/Reselection Specific to L2
Relay selection/(re)selection mechanisms, as well as determination of whether a UE can act as a UE-to-NW Relay, are based on measured RSRP of relay discovery transmissions.  In addition, for L2 relays, the network can assist and/or control relay (re)selection procedure or determination of whether a UE can act as a UE-to-NW Relay UE.  

The Remote UE supports triggers for (re)selection based on at least RSRP as well as on sidelink failure (e.g. SL-RLF).

5.3 TP for L2 Relay Control Plane Protocol Enhancements
x.x.x.x
Connection establishment 

In order for the Remote UE to communicate with the network via the UE-to-Network Relay UE, it is necessary to establish a PC5-RRC connection between the Remote UE and the UE-to-Network Relay UE.  The Remote UE is then considered linked to a UE-to-Network Relay UE. Once linked to a UE-to-Network Relay UE, network connection establishment procedure is supported for a remote UE via that UE-to-NW Relay UE.  End-to-end RRC signalling for connection is carried over a new sidelink bearer on the PC5-RRC connection.  A Remote UE can support the different Uu RRC states with the network while linked to a UE-to-NW Relay.
Editor's Note: It is FFS whether SL SRB or SL DRB is used to carry end-to-end RRC signaling.
x.x.x.x
System Information Reception
The UE-to-Network Relay UE supports relaying of system information for the linked Remote UEs located in-coverage or out of coverage. The linked remote UE utilizes the system information of the serving cell of the UE-to-Network Relay UE.
Editor's Note: It is FFS which SIBs are relayed by the UE to NW Relay UE.
x.x.x.x
Paging
The remote UE should be linked with the UE-to-Network Relay UE in order to receive paging via the UE-to-Network Relay UE. The Remote UE supports reception of paging from the linked UE-to-Network Relay UE while the Remote UE is in or out of coverage. The UE-to-Network Relay UE supports forwarding of paging for the Remote UE located in and out of coverage.
The UE-to-Network Relay UE monitors its linked evolved Remote UE's PO in addition to its own PO. The remote UE provides the UE-to-Network Relay UE with information for determining the Remote UE’s PO in PC5-RRC signalling.  The Remote UE does not need to attempt paging reception over downlink while linked to the UE-to-Network Relay UE. The UE-to-Network Relay UE knows the paging occasion of the Remote UE and decodes a paging message to determine which evolved Remote UE the paging is for. The UE-to-Network Relay UE may relays the Remote UE's paging over PC5. 

x.x.x.x
Connection Management

A Remote UE that is RRC_CONNECTED to the network while linked to a UE-to-Network Relay UE monitors the status of its end-to-end RRC connection (i.e. end-to-end RLF).  The Remote UEs link status is determined based on the link status of the PC5-RRC connection with the UE-to-Network Relay UE, and the link status of the UE-to-NW Relay UE’s RRC connection with the network.  The Remote UE triggers an RLF with the network upon detection of SL-RLF with the UE-to-NW Relay UE.  In addition, the UE-to-NW Relay UE can inform the Remote UE of a failure of the UE-to-Network Relay’s own RRC Connection, and the Remote UE can use this indication to trigger RLF an end-to-end RLF.  

Editor's Note: It is FFS whether SL-RLF determined at the UE-to-NW Relay can be informed to the Remote UE
A Remote UE supports a recovery procedure which can be triggered upon end-to-end RLF.  Such recovery procedure can maintain the UE’s end-to-end RRC connection upon:

· Change from direct (Uu) link to relayed link and vice versa

· Change from one relayed link to another relayed link (via a different UE-to-Network Relay UE) 

5.4 TP for QoS for L2 Relay
End-to-end QoS for QoS flows established between the Remote UE and the network is supported over the relayed path.  The Relay UE can be configured with a mapping between end-to-end DRB and the corresponding SL DRB.  Furthermore, the UE-to-Network Relay can be configured with a mapping rule of SL DRB and Uu DRB and vice versa.

The Remote UE supports mechanisms for the maintenance of an end-to-end QoS flow over PC5 based on measurements of the sidelink.  If the measurements of the sidelink do not allow QoS for a flow to be met, the corresponding end-to-end bearer can be released.  

UL and/or SL scheduling enhancements for reduction of latency at the UE-to-NW Relay UE are studied.

Editor's Note: Whether/which methods are specified in the WI phase can be determined as part of the study.
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