
3GPP TSG RAN WG2#111-e




 
　　R2-2006866

Online meeting, 17th - 28th August, 2020
Source: 
Fujitsu
Title: 
Scope, Requirements and Scenarios in NR Sidelink Relaying
Agenda Item:
8.7.2
Document for:
Discussion and Decision
1. Introduction
On top of Rel-16, as a new SID [1], sidelink-based relaying functionality will be additionally studied in order for sidelink/network coverage extension and power efficiency improvement, considering wider range of applications and services. To further explore coverage extension for sidelink-based communication, Rel-17 has considered SID as follows:
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The mechanisms employed in NR sidelink-based relay in SI should be unified for unicast, groupcast, and broadcast, and limited as follows:
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In this contribution, we describe the scope, requirements and scenarios, towards unicast, groupcast, and broadcast, for sidelink relay-based network and sidelink coverage extensions. The coverage extensions explored for sidelink-based communication include both UE-to-network coverage extension and UE-to-UE coverage extension. The discussion throughout the contribution is generalized for both L2 and L3 relays.
2. UE-to-Network Coverage Extension
With Uu link, 5GC can provide the service to remote UE(s), via either unicast or multicast communication. By introducing a relay UE, the coverage between 5GC and the remote UE(s) can be extended, which can be realized by Uu link between 5GC and the relay UE, and the sidelink between the relay UE and the remote UE(s). In case of supporting groupcast, in addition, 5GC can provide the service to the grouped remote UE(s), via groupcast communication.
In UE-to-network coverage extension, at least the gNB is always in the fixed location for both transmission and reception, therefore the link between gNB and relay UE, and the link between the relay UE and the remote UE are relatively stable, and thus, the relay UE can be selected semi-statically by either the gNB or the remote-UE. Similar to the concept in V2X-LTE [2], a UE becomes a candidate relay-UE needs to meet the conditions as follows:

· A UE shall be (pre)-authorized as a candidate relay UE, depending on its UE capability such as battery life, UE type, supportable service type, transmission and reception capability;

· A UE becomes a candidate relay-UE only if it falls in the (pre)-configured threshold conditions;

· The threshold (e.g., RSRP between gNB and relay UE) can be set with high threshold (denoted as ThreshHigh) and low threshold (denoted as ThreshLow), and a UE becomes a candidate relay-UE only when the RSRP measurement falls in the level between ThreshHigh and ThreshLow.

Due to the wireless channel variations, the link between the gNB and the relay-UE and the link between the relay-UE and the remote-UE could be unstable, resulting in somewhat uncertainty of the service continuity. To fulfil the QoS requirements and ensure the service continuity, the multiple relay UEs may be necessarily designated. To this end, two types of the relay UEs are taken into account; one belongs to the primary relay UE denoted as P-relay UE, and the other to the secondary relay UE denoted as S-relay UE. gNB discovers and authorizes a UE as P-relay UE, and optionally one or more UEs as S-relay UE by setting thresholds, relying on, for instance, RSRP measurement. The gNB performs the transmission and reception to/from the P-relay-UE and optionally to/from the S-relay UE, and the remote-UE performs the transmission and reception to/from the same P-relay-UE and the same S-relay UE, if the remote-UE is interested in a service provided by the gNB.
The reason to define both P-relay UE and S-relay UE(s) is to ensure the robustness of the relay link and provide the seamless service continuity. How and when the S-relay UE(s) are involved in the relay transmission is determined by the gNB, based on the reported link qualities.
Proposal-1: The P-relay UE and the S-relay UE(s) shall be employed to fulfil the QoS requirements and ensure the service continuity, and the relay UE can be selected semi-statically by either the gNB or the remote-UE.
Relay with  Sidelink Unicast 
The typical scenario of the UE-to-Network with the gNB, the relay-UE and the remote-UE for unicast is depicted in Figure 1, where the gNB discovers and authorizes a UE as a P-relay UE, and optionally a UE as the S-relay UE by setting configurable thresholds.
In general, the relay-UE is in coverage and communicating with the gNB via Uu link, while the remote-UE could be out of coverage and communicating with the relay-UE via PC5 sidelink. Moreover, the gNB enables to make the RRC configuration to the remote-UE, through the relay-UE, and the gNB controls the resources accessed by the relay-UEs. PC5 unicast link between the P-Relay-UE and the remote-UE, and PC5 unicast link between the S-Relay-UE and the remote-UE shall be separately established.
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Figure 1: Scenario of UE-to-Network with gNB, relay-UE and remote-UE in unicast.
Proposal-2: PC5 unicast link between the P-Relay-UE and the remote-UE, and PC5 unicast link between the S-Relay-UE and the remote-UE shall be separately established, and the resources accessed by the relay-UEs shall be controlled by the gNB.
Relay with Sidelink Groupcast
In case of the UE-to-network coverage extension with sidelink groupcast communication, all the group members within the group are interested in the service(s) provided by 5GC via the gNB. Two scenarios (scenario-1 and scenario-2) in sidelink groupcast may be considered for the UE-to-network coverage extension.
The scenario-1 is, all the group members are out of coverage from the gNB. The gNB discovers and authorizes a UE as a P-relay UE, and optionally one or more UE(s) as S-relay UE(s) by setting configurable thresholds. The P-relay UE and the S-relay UE(s) shall meet the conditions as follows:

· The P-relay UE and the S-relay UE(s) do not belong to the group members;

· The P-relay UE and the S-relay UE(s) are within the communication range with all the group members and enables to communicate all the members with sidelink groupcast.

· This can be extended to the multi-hop scenario where the relay UE is within the communication range with the part of group members. Thus, the multi-hop mechanism shall be performed between the remote UEs within the group.

· The P-relay UE and the S-relay UE(s) shall be within the communication range with the gNB;

· The P-relay UE and the S-relay UE(s) shall keep reporting its Uu link quality to the gNB (e.g., RSRP), in order for the gNB to switch the relay UE or permit the multiple relay UEs for the relay groupcast transmission.

· The P-relay UE and the S-relay UE(s) shall acquire the group information, such as group destination L2 ID, group members, group size, etc.
Figure 2 exemplifies the scenario-1, where all the group members are out of coverage from the gNB.
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Figure 2: The scenario-1 where all the group members are out of coverage with the gNB.

The scenario-2 is, at least one of the group members is in coverage from the gNB. The gNB discovers and authorizes a UE as a P-relay UE, and optionally one or more UE(s) as S-relay UE(s). The P-relay UE and the S-relay UE(s) shall meet the conditions as follows:

· The P-relay UE and/or the S-relay UE(s) shall be a member in the group and enables to communicate other members via sidelink groupcast.

· The benefits to authorize a group member UE as a relay UE is to simplify the procedure of discovery and authorization of the relay-UE, in which the other member UEs do not need to report the group information to the relay UE, such as group destination L2 ID, group members, group size, etc.

· The P-relay UE and the S-relay UE(s) shall be within the communication range with the gNB;

· The P-relay UE and the S-relay UE(s) shall have the reliable link with the gNB, relying on the measurement reports from the relay candidate UEs to the gNB, e.g., RSRP.
Figure 3 exemplifies the scenario-2, where the part of group members is in coverage from the gNB.
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Figure 3: The scenario-2 where the part of group members is in coverage with the gNB.

In the scenario-1 and the scenario-2, the gNB may configure the RRC parameters (such as SIBs) to the remote UEs, via the relay UEs, if necessary.
Proposal-3: The scenario-1 and the scenario-2 in groupcast communication shall be supported in the NR-V2X relay.

Relay with Sidelink Broadcast
In case of the UE-to-network coverage extension with sidelink broadcast communication, the gNB discovers and authorizes a UE as a P-relay UE, and optionally one or more UE(s) as S-relay UE(s), who are all in coverage from the gNB. The scenario-1 as in the groupcast could be considered in groupcast communication.

Proposal-4: The scenario-1 as in the groupcast could be considered in broadcast communication.
Since the unicast, groupcast, and broadcast services could be performed in the same resource pool, an individual solution for each cast seems not feasible.
Proposal-5: The mechanisms explored in the UE-to-network coverage extension should be unified towards groupcast, unicast, and broadcast.

3. UE-to-UE Coverage Extension
NR-V2X supports the groupcast with the communication range up to 1000m [3]. According to the study on the enhancement for 5G V2X services, considering fully automated driving application, for example, the sensor and state map sharing (SSMS), the potential requirements shall be fulfilled with 3-10ms latency, 99-99.999% reliability, and 200-1000m communication range. For this regard, especially for a large communication range, the UE-to-UE coverage extension shall be fully explored in Rel-17.
In the UE-to-UE coverage extension, the link between Tx-UE and relay UE, and the link between relay UE and Rx-UE are unpredictable especially in groupcast and broadcast communications. Hence, the relay UE should be determined dynamically, most likely depending on a choice of Tx-UE and Rx-UEs. A UE becomes a relay-UE needs to meet the conditions as follows:
· A UE shall be (pre)-authorized as a candidate relay UE, depending on its UE capability such as battery life, UE type (e.g., vehicle, roadside unit), transmission and reception capability;

· A candidate relay-UE becomes a relay-UE only if it falls in the (pre)-configured threshold conditions;
· The threshold (e.g., RSRP) can be set with a high threshold (denoted as ThreshHigh) and a low threshold (denoted as ThreshLow), and a candidate relay-UE becomes a relay-UE only when the RSRP measured from Tx-UE falls in the level between ThreshHigh and ThreshLow.

· The threshold can be adapted by the relay-UE, as a function of the communication range and the required QoS (e.g., reliability and delay budget) indicated in the received data packet.
In addition, a UE can be pre-authorized as a primary relay UE, denoted as P-relay UE, and optionally one or more can be pre-authorized as the secondary relay UE(s) denoted as S-relay UE by setting the configurable thresholds, relying on, for example, the RSRP measurement. The Tx-UE performs the transmission to the P-relay-UE and optionally to the S-relay UE, and the Rx-UE performs the reception from the P-relay-UE and the S-relay UE.

The reason to define both P-relay UE and S-relay UE(s) is to ensure the robustness of the relay link and provide the seamless service continuity. How and when the S-relay UE(s) are involved in the relay transmission depends on the link qualities, between the Tx-UE and the relay-UE, as well as the relay-UE and the Rx-UE(s).
Proposal-6: The P-relay UE and the S-relay UE(s) shall be employed, and the relay UE involved in the relay retransmission shall be determined dynamically, depending on a choice of Tx-UE and Rx-UEs.

Relay with Sidelink Unicast
In case of the UE-to-UE coverage extension with the sidelink unicast communication, the RRC links can be established between the Tx-UE, the relay UE and the remote UE, and the RRC parameters can be exchanged, via PC5-signalling. Therefore, the relay UE(s) can be determined after the establishment of sidelink unicast links.
The typical scenario of the UE-to-UE relay for unicast is depicted in Figure 4, where a P-relay UE and an S-relay UE simultaneously relay the data packet to an Rx-UE, using the individual PC5 unicast link.  In addition, the resources accessed by the relay-UEs shall be reserved by the Tx-UE in the initial transmission.
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Figure 4: The scenario of the Tx-UE, the relay-UE and the remote-UE in unicast.
Proposal-7: The PC5 unicast link between the P-Relay-UE and the Rx-UE, and the PC5 unicast link between the S-Relay-UE and the Rx-UE shall be separately established, and the resources accessed by the relay-UEs shall be reserved by the Tx-UE in the initial transmission.
Relay with Sidelink Groupcast
In the UE-to-UE coverage extension, the relation between the Tx-UE and the relay UE, and the relation between the relay UE and the Rx-UEs are unpredictable, depending on a choice of Tx-UE and Rx-UEs. A typical scenario of the UE-to-UE coverage extension with the Tx-UEs, the relay-UEs and the Rx-UEs who are in the same group for groupcast is depicted in Figure 5, where the Tx-UE-1 groupcasts a data packet to the Relay-UE-1 and the Relay-UE-2, relayed by the Relay-UE-1 to reach the Rx-UE-2 and the Tx-UE-2 in one time slot, while the Tx-UE-2 groupcasts a data packet to the Relay-UE-1 and the Relay-UE-2, relayed by the Relay-UE-2 to reach the Rx-UE-1 and the Tx-UE-1 in the other time slot, due to the limited communication distance.
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Figure 5: The scenario of the UE-to-UE coverage extension with the Tx-UE, the relay-UE and the Rx-UE.

This implies that, to ensure the extension of the communication range and improve the communication quality within the group members, the different Tx-UE may tie the different relay-UE to relay the data packet in a groupcast communication. This may result in more relay-UEs, pre-authorized within the group.
It should be noted that, in the example, the Relay-UE may belong to either the P-Relay-UE or the S-Relay-UE, depending on the pre-authorization and/or preconfigurable threshold.
V2X application layer creates a group, relying on either the geographical location of UEs (e.g., application layer connection-less group), or the services within the interested UEs (e.g., the application layer managed group) [4]. The former may not need the awareness of the group information between the group members as long as the communication range and the destination L2 ID are known by all the group members. The latter may need the awareness of the group information within the group members, such as the group size, the member ID, and the destination L2 ID. In the former, thus, the Relay-UE may need to be determined relying on the required communication range of the service.
During the group establishment, the V2X application layer may provide the V2X application requirements, or if not, the V2X layer determines the PC5 QoS parameters. This implies that, the V2X application layer or the V2X layer determines whether the relay functionality should be involved or not, depending on the service requirements or PC5 QoS. In addition, the P-relay UE(s) and the S-relay UE(s) shall be determined by the V2X layer, prior to the groupcast operation, and updated by the V2X layer during the groupcast operation. The P-relay UE and the S-relay UE(s) shall meet the conditions as follows:
· The P-relay UE and the S-relay UE(s) shall be the members in the group, and possibly communicate the other members via the sidelink groupcast.
· The P-relay UE: This type of the relay UE may be single relay UE, or multiple relay UEs, who is always involved in the relay operation unless it does not successfully receive the data packet from the Tx UE.
· The S-relay UE: This type of the relay UE is optionally involved in a relay operation. Whether the S-relay UE is involved in a relay operation depends, for example, on the direct path strength based on the received RSRP. If the S-relay UE correctly decodes the received initial data packet and the RSRP of the direct path strength falls in the pre-configured RSRP threshold levels, the S-relay UE shall relay the received data packet to the Rx-UEs if in proximity.

· Alternatively, the distance between the Tx-UE and the relay-UE can replace the RSRP-based threshold, if the location information relevant to the Tx-UE and the Rx-UE(s) can be acquired by the relay-UE. The decision to be a relay can rely on the distance and the required communication range indicated in the received data packet.
The V2X layer shall have a flexibility to select any number of the P-relay UEs and any number of the S-relay UEs, depending on the services interesting to the group members. The detailed mechanism of the relay-UE selection in groupcast communication is discussed in our companion contribution [5].
Proposal-8: The different Tx-UE may tie the different relay-UE to relay the data packet, and more relay-UEs shall be pre-authorized within the group.
Relay with Sidelink Broadcast
In case of the UE-to-UE coverage extension with the sidelink broadcast communication, the link between the Tx-UE and the relay UE, and the link between the relay UE and the Rx-UE are unpredictable. Similar to the groupcast communication, to ensure the extension of the communication range and improve the communication quality, the different Tx-UE may tie the different relay-UE to relay the data packet. This also results in more pre-authorized relay-UEs to be involved in the broadcast communication.
Proposal-9: Similar to the groupcast communication, the different Tx-UE may tie the different relay-UE to relay the data packet, and more relay-UEs shall be pre-authorized.
Since the unicast, groupcast, and broadcast services could be performed in the same resource pool, an individual solution for each cast seems not feasible.
Proposal-10: The mechanisms explored in the UE-to-UE coverage extension should be unified towards the groupcast, unicast, and broadcast.

4. Conclusion
In this contribution, we have discussed the scope, requirements and scenarios, towards unicast, groupcast, and broadcast, for sidelink relaying based network and sidelink coverage extensions. The following proposals should be taken into account in UE-to-network coverage extension:

Proposal-1: The P-relay UE and the S-relay UE(s) shall be employed to fulfil the QoS requirements and ensure the service continuity, and the relay UE can be selected semi-statically by either the gNB or the remote-UE.
Proposal-2: PC5 unicast link between the P-Relay-UE and the remote-UE, and PC5 unicast link between the S-Relay-UE and the remote-UE shall be separately established, and the resources accessed by the relay-UEs shall be controlled by the gNB.
Proposal-3: The scenario-1 and the scenario-2 in groupcast communication shall be supported in the NR-V2X relay.

Proposal-4: The scenario-1 as in the groupcast could be considered in broadcast communication.

Proposal-5: The mechanisms explored in the UE-to-network coverage extension should be unified towards groupcast, unicast, and broadcast.

Moreover, the following proposals should be taken into account in UE-to-UE coverage extension:
Proposal-6: The P-relay UE and the S-relay UE(s) shall be employed, and the relay UE involved in the relay retransmission shall be determined dynamically, depending on a choice of Tx-UE and Rx-UEs.
Proposal-7: The PC5 unicast link between the P-Relay-UE and the Rx-UE, and the PC5 unicast link between the S-Relay-UE and the Rx-UE shall be separately established, and the resources accessed by the relay-UEs shall be reserved by the Tx-UE in the initial transmission.

Proposal-8: The different Tx-UE may tie the different relay-UE to relay the data packet, and more relay-UEs shall be pre-authorized within the group.
Proposal-9: Similar to the groupcast communication, the different Tx-UE may tie the different relay-UE to relay the data packet, and more relay-UEs shall be pre-authorized.
Proposal-10: The mechanisms explored in the UE-to-UE coverage extension should be unified towards the groupcast, unicast, and broadcast.
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UE-to-network coverage extension: Uu coverage reachability is necessary for UEs to reach server in PDN network or counterpart UE out of proximity area. However, release-13 solution on UE-to-network relay is limited to EUTRA-based technology, and thus cannot be applied to NR-based system, for both NG-RAN and NR-based sidelink communication.


UE-to-UE coverage extension: Currently proximity reachability is limited to single-hop sidelink link, either via EUTRA-based or NR-based sidelink technology. However, that is not sufficient in the scenario where there is no Uu coverage, considering the limited single-hop sidelink coverage.





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];


Relay (re-)selection criterion and procedure;


Relay/Remote UE authorization;


QoS for relaying functionality;


Service continuity;


Security of relayed connection after SA3 has provided its conclusions;


Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;


Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2].


NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).


NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.


NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.


NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.
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