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1. Introduction
On top of Rel-16, as a new SID [1], sidelink-based relaying functionality should be additionally studied in order to enable sidelink/network coverage extension and power efficiency improvement, considering a wider range of applications and services. To further explore coverage extension for sidelink-based communication, Rel-17 SID [1] should consider as follows: 
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The mechanisms employed in NR sidelink-based relay in SI [1] should be unified for unicast, groupcast, and broadcast, and limited as follows:
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In this contribution, according to the scope, requirements and scenarios discussed in our companion contribution [2], we propose the mechanisms and discuss the characteristics in NR sidelink relaying for UE-to-network coverage extension and UE-to-UE coverage extension, towards unicast, groupcast, and broadcast. We first define the different type of relay-UEs, and then consider the selection mechanism for relay-UEs. Finally, we propose duplication transmission mechanism handled by multiple relay-UEs in order to achieve the multiple transmit diversity, increase the reliability and reduce the latency especially for the stringent requirement services.
We believe that, the relay issues in broadcast can be resolved easily if the relay issues in groupcast are resolved. In this contribution, therefore, our focus is merely on the discussion towards unicast and groupcast.
2. Definition of Relay-UEs
Similar to what we have discussed in our companion contribution [2], the UE-to-network coverage extension and the UE-to-UE coverage extension should be considered with unicast, groupcast, and broadcast.
In the UE-to-network coverage extension, the gNB discovers and authorizes a UE as a primary relay UE, denoted as P-relay UE, and optionally one or more secondary relay UE(s) denoted as S-relay UE by setting configurable thresholds, relying on, for example: the RSRP measurement, the gNB performs transmission and the 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 S-relay UE as well, 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 relay link and provide 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.
In the UE-to-UE coverage extension, a UE can be pre-authorized as a primary relay UE, denoted as P-relay UE, and optionally one or more UEs can be pre-authorized as the secondary relay UE(s) denoted as S-relay UE by setting preconfigurable thresholds, and 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 S-relay UE.

The reason to define both the P-relay UE and the S-relay UE(s) is to ensure the robustness of relay link and provide the seamless service continuity. How and when 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-1: The relay UEs can be designated as the P-relay UE and the S-relay UE (optionally), to relay the data packet from the gNB/Tx-UE to the remote-UE/Rx-UE.

3. Relay-UE Selection
In the UE-to-network coverage extension, on one hand, at least the gNB is always in a fixed geographic location for both transmission and reception, therefore the link between the gNB and the 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.
In the UE-to-UE coverage extension, on the other hand, the link between the Tx-UE and the relay UE, and the link between the relay UE and the Rx-UE are unpredictable especially in the groupcast and broadcast communications. Therefore, the relay UE should be selected dynamically, most likely depending on a choice of Tx-UE and Rx-UEs.
A UE that 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, acceptable service type, transmission and reception capability;

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

· The thresholds (e.g., RSRP and/or geographic distance) can be set with a high threshold (denoted as ThreshHigh) and a 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.

In our companion contribution [2], we have discussed the several scenarios for the UE-to-network coverage extension and the UE-to-UE coverage extension. According to the (pre)-configured threshold parameters and conditions, a relay candidate can be simply determined in case of unicast, regardless of being used for the purpose of the UE-to-network coverage extension or the UE-to-UE coverage extension. We believe that, in contrast, there are many uncertainties when we determine the relay-UE candidates due to the groupcast characteristics. Considering the similarity in the characteristics between groupcast and broadcast, the solution proposed for the groupcast communication can be simply reused for the broadcast communication. In what follows, therefore, our discussion focus is mainly on the groupcast.
3.1. UE-to-Network Coverage Extension
As discussed in our companion contribution [2], since the relay-UE needs to be aware of the information of the group, the gNB can establish a Uu link with the relay-UE, and then provide the groupcast service. Figure 1 exemplifies a scenario, where the gNB selects the relay-UEs based on the groupcast service, and the P-relay-UE1 and the S-relay-UE1 perform the relay operation for the group-1, and the P-relay-UE2 and the S-relay-UE2 perform the relay operation for the group-2.
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Figure 1: A scenario for the relay-UE selection in the groupcast communication and the UE-to-network coverage extension.

In this case, one or more UEs from the different groups request the groupcast service to the gNB via the relay-UEs in proximity, and the relay-UEs served for the different groups can be either semi-statically designated by the gNB, or autonomously selected by the candidate relay UE itself.
Proposal-2: In the UE-to-network coverage extension, the relay-UEs served for the different groups can be either semi-statically designated by the gNB, or autonomously selected by the candidate relay UE itself.

3.2. UE-to-UE Coverage Extension
The functionality of relaying is to increase the communication range between the group members. Figure 2 exemplifies the typical scenario, where the Tx-UE groupcasts the data packet to all the group members, including the Rx-UE-1 and the Rx-UE-2 who are far away from the Tx-UE. The P-Relay-UE1 and the S-Relay-UE1 relay the packet to the Rx-UE-1, while the P-Relay-UE2 and the S-Relay-UE2 relay the same packet to the Rx-UE-2. Consequently, the selection of the relay-UE(s) may rely on either the Tx-UE or the Rx-UE.
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Figure 2: A scenario for relay-UE selection in groupcast communication and UE-to-UE coverage extension.

The selection of the relay-UE(s) relying on the Tx-UE:
The candidate relay UEs can be predetermined within the group, relying on the preconfigured threshold(s) associated with the Tx-UE, such as the RSRP or the geographic distance between the Tx-UE and the relay UE. The retransmission scheme used by the candidate relay-UE can rely on either the HARQ feedback mechanism or using the blind (re)transmission(s). However, the drawback of allowing the retransmissions is, that if the multiple relay UEs are simultaneously involved in the relay transmission in groupcast, the relayed message flood problem may incur.
In the UE-to-UE application layer relay of Key issue 9 [4], in the scenario where the V2X relay UEs are used to re-transmit the V2X messages to a wider coverage area, it is possible that a V2X UE may receive multiple copies of the same message that are repeatedly re-transmitted by several V2X relay UEs causing a V2X message broadcast flood as shown in Figure 3.
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Figure 3: V2X message flood scenario.

In this example, the Tx-UE1 transmits a V2X message over PC5 which needs to be delivered to a coverage area which includes the Rx-UE4. The V2X message is received by the relay-UE2 and the relay-UE3 at the same time or with some time difference. Due to the relay nature, the relay-UE2 and the relay-UE3 re-transmit the V2X messages over PC5 to the coverage area of the Rx-UE4. The Rx-UE4 receives the multiple copies of the same V2X message transmitted by the Tx-UE1 and further the relay-UE2 and the relay-UE3 also receive the same V2X message again. It is possible that the relay UEs re-transmit the newly received V2X messages from the other relay-UEs thus causing a V2X message broadcast flood.

To overcome the message flood problem incurred in V2X relay, the L2-relay shall be employed. This is because the relay UE designated as the L3-relay faces the difficulties in detecting the reception status in Rx-UEs after the initial transmission, and thus, the blind retransmission mechanism has to be taken into account. If a large number of relay-UEs are selected in L3-relay, the message flood is inevitable. If a small number of relay-UEs are selected in L3-relay, in contrast, the relay reliability cannot be guaranteed. For instance, in Figure 2, considering the P-Relay-UE1 and the S-Relay-UE1 as L3 relay UEs, if the Rx-UE-2 fails the packet reception, then the  relay functionality cannot be fulfilled.
Observation-1: In the sidelink groupcast communications, especially when the selection of the relay-UE(s) relies on a choice of Tx-UE, the V2X message flood may occur.
The selection of the relay-UE(s) relying on the Rx-UE:

Since the Rx-UEs who receives the packet in error cannot be predicted by the candidate relay-UEs within the communication range (e.g., up to 1000m for groupcast), it is better for the relay UE(s) to be selected according to the reception status in the Rx-UEs. This may need to introduce somewhat mechanism with some new parameters, such as the geographic distance between the Rx-UE and the relay-UE. This requires the Rx-UE to send out its geographic location once it fails the packet reception, which enables the candidate relay-UEs to figure out the distance between Rx-UE and relay-UE. As a result, the selection of the relay-UE(s) can rely on the Rx-UE instead of the Tx-UE.
Since the multiple relay UE(s) are dynamically selected based on the Rx-UEs who fail the packet reception, L3-relay is not feasible, and L2-relay shall be used instead.

Observation-2: Since the multiple relay UE(s) in groupcast are dynamically selected based on the Rx-UEs who fail the packet reception in the UE-to-UE coverage extension, the L3-relay is not feasible.
In order to ensure the robustness of the relay link and the seamless service continuity, and avoid the V2X message flood, as a comprehensive solution, the candidate relay-UEs can be selected based on the selection manner associated with the Tx-UE, and on top of that, the relay-UEs finally involved in the relay transmission can be selected based on the Rx-UE who receives the packet in error.
Proposal-3: In the UE-to-UE coverage extension and the groupcast communication, the L2-relay shall be supported, and the RSRP and/or the geographic distance between the Tx-UE/Rx-UE and the relay-UE shall be utilized to enable the dynamic relay-UE selection.

4. Duplication Mechanism by Multiple Relay-UEs
In the previous discussion, we discussed the L2 and L3 relay sidelink communications and the relay-UE selection mechanism, mainly towards the groupcast communication, for both UE-to-network coverage extension and UE-to-UE coverage extension. In this section, we study the duplication mechanism employed in the multiple relay-UEs, in order to enhance the sidelink relay reliability.
4.1. Sidelink Unicast Communication
In the sidelink unicast communication, the relay solution can rely on either the L2 relay or the L3 relay, where the RRC links can be established between the gNB (or the Tx-UE), the relay UE and the remote UE (or the Rx-UE), and the RRC parameters can be exchanged, via Uu and PC5-signalling. Therefore, the relay UE(s) can be determined after the establishment of sidelink unicast links.
The UE-to-network coverage extension:
The relay-UE selection procedure in LTE can be reused [3]. That means, the sidelink relay UE considers the threshold conditions to be met, based on the RSRP measurement of the PCell, or the cell on which the UE is camped. Meanwhile, the sidelink remote UE considers the threshold conditions to be met, based on the RSRP measurement of the cell on which the UE camps (RRC_IDLE)/ the PCell (RRC_CONNECTED).
If the L3 relay is employed, the sidelink relay mechanism in LTE can be reused [3]. In this case, the gNB may only select a P-relay-UE for the unicast relaying operation.
If the L2 relay is performed in PDCP sublayer, the gNB may configure a radio bearer by RRC to perform the PDCP duplication and generate the duplicated PDCP PDUs handled by the P-relay UE and the S-relay UE(s), each with the individual RLC entity, based on the QoS of the data packet (e.g., the communication range, reliability and latency). This achieves the multiple transmit diversity, increases the reliability and reduces the latency especially for the stringent service requirement.
If the L2 relay functionality is performed in the MAC sublayer, the gNB may allocate the same resources indicated by PDCCH to both the P-relay UE and the S-relay UE(s) for the simultaneous relay transmission in the PC5 link. This is quite similar to the multicast transmission from the P-relay UE and the S-relay UE(s) to a remote UE, in order to allow the diversity gain and improve the resource efficiency.
In addition, whether the L2 relay is implemented in the PDCP sublayer or in the MAC sublayer shall rely on the RRC configuration, and the QoS of the data packet (e.g., communication range, reliability and latency).
Proposal-4: In the UE-to-network coverage extension, Rel-17 shall support the L2 relay for unicast in the PDCP sublayer with the PDCP duplication and in the MAC sublayer with the simultaneous relay retransmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.
The UE-to-UE coverage extension:
Similarly, the sidelink relay UE also considers the threshold conditions to be met, based on the RSRP measurement between the Tx-UE and the relay-UE, and the relay-UE and the Rx-UE. Therefore, the relay-UE can be determined once the sidelink unicast link is established between the Tx-UE and the Rx-UE.
If the L3 relay is deployed, then the specification impact in the sidelink relay procedure can be ignored. In this case, the Tx-UE may only select a P-relay-UE for the unicast relaying operation.
If the L2 relay is performed in the PDCP sublayer, a radio bearer associated with a QFI may be pre-configured to potentially perform the PDCP duplication and handled by the P-relay UE and the S-relay UE(s). How many relay UEs that are involved in the relay retransmission depends on the specific service and the requirements per transmission. The PDCP duplication can improve the reliability and reduce the latency.
If the L2 relay is performed in the MAC sublayer, the MAC entity in the Tx-UE selects the resource set for the initial transmission and the retransmissions. The P-relay UE and the S-relay UE(s) receive a SCI and the corresponding TB, and simultaneously relays the TB to the Rx-UE using the reserved retransmission resource. This simultaneous relay transmission offers the diversity gain and improves the resource efficiency.
Proposal-5: In the UE-to-UE coverage extension, Rel-17 shall support the L2 relay for unicast in the PDCP sublayer with the PDCP duplication and in the MAC sublayer with the simultaneous relay retransmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC pre-configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.
4.2. Sidelink Groupcast Communication
In the sidelink groupcast communication, the relay solution can rely on either the L2 relay or the L3 relay. In unicast, the PC5-link can be established via PC5-signalling, and the RRC message can be transferred from the gNB/Tx-UE to the remote-UE via the relay-UE. In groupcast, however, there is no PC5-link between the relay-UE and the Rx-UEs, and thus, an RRC message cannot be transferred from the gNB/Tx-UE to the Rx-UEs, and all the RRC parameters have to be pre-configured in the Rx-UEs, if they are out of coverage.
The UE-to-network coverage extension:
The relay-UE selection procedure in LTE can be reused [3]. That means, the sidelink relay UE considers the threshold conditions to be met, based on the RSRP measurement of the PCell, or the cell on which the UE camps. Meanwhile, the sidelink remote UE considers the threshold conditions to be met, based on the RSRP measurement of the cell on which the UE camps (RRC_IDLE)/ the PCell (RRC_CONNECTED).

If the L3 relay is deployed, then the sidelink relay mechanism in LTE can be reused [3]. In this case, the gNB may only select a P-relay-UE for the groupcast relaying operation.
If the L2 relay is performed in the PDCP sublayer, the gNB may configure a radio bearer by RRC to perform the PDCP duplication and generate the duplicated PDCP PDUs handled by the P-relay UE and the S-relay UE(s), each with an individual RLC entity, based on the QoS of the data packet (e.g., communication range, reliability and latency). The P-relay UE and the S-relay UE(s) individually groupcasts the duplicated PDCP PDU to the Rx-UEs. This achieves the multiple transmit diversity, increases the reliability and reduces the latency especially for stringent service requirements.
If the L2 relay is performed in the MAC sublayer, the gNB may allocate the same resources indicated by PDCCH to the P-relay UE and the S-relay UE(s) for the simultaneous relay groupcast transmission in the PC5 link. This offers the diversity gain and improves the resource efficiency.

In addition, whether the L2 relay is implemented in the PDCP sublayer or in the MAC sublayer depends on the RRC configuration, and the QoS of the transmit data packet (e.g., communication range, reliability and latency).
Proposal-6: In the UE-to-network coverage extension, Rel-17 shall support the L2 relay for groupcast in the PDCP sublayer with the PDCP duplication and in the MAC sublayer with the simultaneous relay retransmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.

The UE-to-UE coverage extension:
The sidelink relay UE also considers the threshold conditions to be met, based on the RSRP measurement between the Tx-UE and the relay-UE, and the relay-UE and the Rx-UE.
If the L3 relay is employed, the specification impact in the sidelink relay procedure can be ignored. In this case, the Tx-UE may only select a P-relay-UE for the groupcast relaying operation.
If the L2 relay is performed in the PDCP sublayer, a radio bearer associated with a QFI may be pre-configured to potentially perform the PDCP duplication and handled by the P-relay UE and the S-relay UE(s). How many relay UEs are involved in the relay retransmission depends on the specific service and the requirements for the groupcast communication. The PDCP duplication can improve the reliability and reduce the latency.
If the L2 relay is performed in the MAC sublayer, the MAC entity in the Tx-UE selects the resource set for the initial transmission and the retransmissions. The P-relay UE and the S-relay UE(s) receive an SCI and the corresponding TB, and simultaneously groupcast the TB to the Rx-UEs using the reserved retransmission resource. This simultaneous relay groupcast transmission offers the diversity gain and improves the resource efficiency.

Proposal-7: In the UE-to-UE coverage extension, Rel-17 shall support the L2 relay for groupcast in the PDCP sublayer with the PDCP duplication, and in the MAC sublayer with the simultaneous relay transmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC pre-configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.
From the specification perspective, a simple solution is preferable. We believe that the relay solution should be unified towards groupcast, unicast, and broadcast in both UE-to-network coverage extension and UE-to-UE coverage extension.
Proposal-8: Rel-17 shall support a unified relay solution towards groupcast, unicast, and broadcast in both UE-to-network coverage extension and UE-to-UE coverage extension.
5. Conclusion
In this contribution, we have proposed the mechanisms and discussed the characteristics in NR sidelink relaying for the UE-to-network coverage extension and the UE-to-UE coverage extension, towards unicast, groupcast, and broadcast. The following observations and proposals should be taken into account in the NR-V2X sidelink:
Observation-1: In the sidelink groupcast communications, especially when the selection of the relay-UE(s) relies on a choice of Tx-UE, the V2X message flood may occur.
Observation-2: Since the multiple relay UE(s) in groupcast are dynamically selected based on the Rx-UEs who fail the packet reception in the UE-to-UE coverage extension, the L3-relay is not feasible.
Proposal-1: The relay UEs can be designated as the P-relay UE and the S-relay UE (optionally), to relay the data packet from the gNB/Tx-UE to the remote-UE/Rx-UE.

Proposal-2: In the UE-to-network coverage extension, the relay-UEs served for the different groups can be either semi-statically designated by the gNB, or autonomously selected by the candidate relay UE itself.
Proposal-3: In the UE-to-UE coverage extension and the groupcast communication, the L2-relay shall be supported, and the RSRP and/or the geographic distance between the Tx-UE/Rx-UE and the relay-UE shall be utilized to enable the dynamic relay-UE selection.
Proposal-4: In the UE-to-network coverage extension, Rel-17 shall support the L2 relay for unicast in the PDCP sublayer with the PDCP duplication and in the MAC sublayer with the simultaneous relay retransmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.

Proposal-5: In the UE-to-UE coverage extension, Rel-17 shall support the L2 relay for unicast in the PDCP sublayer with the PDCP duplication and in the MAC sublayer with the simultaneous relay retransmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC pre-configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.

Proposal-6: In the UE-to-network coverage extension, Rel-17 shall support the L2 relay for groupcast in the PDCP sublayer with the PDCP duplication and in the MAC sublayer with the simultaneous relay retransmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.

Proposal-7: In the UE-to-UE coverage extension, Rel-17 shall support the L2 relay for groupcast in the PDCP sublayer with the PDCP duplication, and in the MAC sublayer with the simultaneous relay transmission, both handled by the P-relay UE and the S-relay UE(s). In addition, Rel-17 shall support the RRC pre-configuration to select the PDCP-based L2 relay or the MAC-based L2 relay.

Proposal-8: Rel-17 shall support a unified relay solution towards groupcast, unicast, and broadcast in both UE-to-network coverage extension and UE-to-UE coverage extension.
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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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