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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 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 should consider the following SID [1] objectives:
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The mechanisms employed in NR sidelink-based relay in SI should be unified for unicast, groupcast, and 
where the SID [1] includes the following: 
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In this contribution, we discuss relay discovery model and relevant procedures, towards unicast, groupcast, and broadcast.
2. Discovery Model and Procedure
A relay-UE discovery model should be unified for unicast, groupcast and broadcast, and applied for both UE-to-network coverage extension and UE-to-UE coverage extension. We believe that, the same concept employed in Rel-15 can be partially reused, including a relay UE discovery/maintenance/release [2]. Namely, a UE becomes a candidate relay-UE needs to meet the conditions as follows:
· A UE shall be authorized as a candidate relay UE by gNB if in coverage, or autonomously (pre)-authorized as a candidate relay by UE itself, if out of coverage, depending on UE capability such as battery life, UE type, acceptable service type, transmission and reception capabilities;

· A UE becomes a candidate relay-UE only if it falls in the (pre)-configured threshold conditions;
· The threshold (e.g., RSRP and/or geographic distance) 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.

Some definitions relevant to a relay-UE should be clarified as follows:

· A candidate relay-UE is a V2X UE, who meets the (pre)-configured threshold requirements defined above and could be potentially involved in the relaying-based retransmission.
· A relay-UE is a V2X UE, who shall belong to one of the candidate relay-UEs. A Relay-UE may be involved in the relay-based retransmission, if it successfully receives the data packet from the Tx-UE and meets the link condition associated with the Rx-UE who receives the data packet in error from the Tx-UE [3].
In NR-V2X communication, the communication range is associated with each data packet especially in groupcast service. Hence, the (pre)-configured threshold shall be associated with communication range as follows:
· The high threshold (e.g., RSRP and/or geographic distance) can be set as ThreshHigh{cr};
· The low threshold (e.g., RSRP and/or geographic distance) can be set as ThreshLow{cr}.
Proposal-1: The (pre)-configured threshold for the selection of the candidate relay-UE in groupcast shall be associated with communication range.

According to our companion contribution [4], a relay-UE can be designated either as a primary relay UE, denoted as P-relay UE, or optionally as the secondary relay UE(s) denoted as S-relay UE. Hence, the threshold needs to be differentiated into ThreshHighP and ThreshLowP for a P-relay UE, and ThreshHighS and ThreshLowS for a S-relay UE. For example, ThreshHighP and ThreshLowP can be set with tighter values to limit the number of P-relay UEs, while ThreshHighS and ThreshLowS can be set with looser values to relax the number of S-relay UEs.
Proposal-2: The threshold for the selection of a candidate relay-UE shall be separately (pre)-configured for P-relay UE and S-relay UE.

As a comprehensive solution, according to the cast type, the candidate relay-UEs can be selected based on the selection manner associated with a Tx-UE, and on top of that, the relay-UEs finally involved in the relay transmission can be selected based on an Rx-UE who receives the packet in error [3]. As concluded in our companion contribution [3], in groupcast communication, due to the dynamic selection of multiple relay UEs, a L3-relay is not feasible, and a L2-relay shall be considered accordingly. Thus, considering the unified relay solution for unicast, groupcast and broadcast, we propose only to use a L2-relay for NR sidelink coverage extension. In what follows, we elaborate the details for the L2-relay procedure.
In order to describe the procedure of L2-relay operation, we give an example under the out of coverage condition, where the Tx-UE groupcasts the data packet to its group members (including the Rx-UE-1 and the Rx-UE-2), relayed by the P-relay UE, and optionally by the S-relay UE, as illustrated in Figure 1.
Pre-conditions:
· A group with the members of Tx-UE-1, P-relay UE, S-relay UE, Rx-UE-1 and Rx-UE-2 has been formed by V2X application layer (possibly associated in Tx-UE-1), with destination L2 ID;
· The P-relay UE and the S-relay UE have been pre-authorized as a candidate relay-UEs;
· The P-relay UE and the S-relay UE aware the information of the Tx-UE, such as geographical information, RSRP, QoS requirement, and cast type (unicast, groupcast and broadcast), etc;
· The P-relay UE and the S-relay UE are aware of the information of the Rx-UE(s), such as geographical information, and RSRP, etc.
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Figure 1: UE-to-UE relay operated by one P-Relay-UE and one S-Relay-UE.

The procedures for the groupcast based relay operation are illustrated Figure 2.

1. The Tx-UE-1 groupcasts the data packet to all the group members, including the P-relay UE and the S-relay UE, and the Rx-UE-1, and the Rx-UE-2.

· In L2 layer, the data packet shall be a MAC PDU (or a TB) conveyed by PSCCH and PSSCH, otherwise, the data packet shall be a higher layer PDU.
· In the example shown, the Rx-UE-1 and the Rx-UE-2 are far away from the Tx-UE-1 and are not able to successfully decode the data packet, requiring the relay-based retransmission.

2. The P-Relay-UE decodes the data packet and prepares to perform the relay-based retransmission. The S-Relay-UE decodes the data packet and measures the received signal strength (e.g., RSRP), and then compares it with the pre-configured thresholds.

· In the example, the received signal strength falls in the pre-configured threshold levels, and thus, the relay-based retransmission is performed by the S-Relay-UE as well.

3. The P-Relay-UE and the S-Relay-UE relay the data packet in retransmission.

· If L2 layer is performed in MAC layer, MAC entity can directly utilize the reserved resource in SCI acquired from the initial transmission.

· If L2 relay is performed above RLC sublayer, the resource dedicated to relay transmission in physical layer shall be newly determined by MAC entity.
4. Rx-UE-1 and Rx-UE-2 receive the retransmitted data packet and send the responses to the P-Relay-UE and the S-Relay-UE, respectively.

· If L2 layer is performed in MAC layer, HARQ entity in each Rx-UE triggers ACK/NAK feedback conveyed over PSFCH, which is associated with the PSSCH resource dedicated for the retransmission.

5. The P-Relay-UE and the S-Relay-UE receive the responses from Rx-UE-1 and Rx-UE-2 and forward the responses to Tx-UE-1, respectively.

· If L2 layer is performed in MAC layer, HARQ entity in the P-Relay-UE and the S-Relay-UE forward the ACK/NAK response over PSFCH, which is associated with the PSSCH resource dedicated for the initial transmission. In this case, the RTT for forwarding HARQ feedback and relaying process time should be carefully considered.
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Figure 2: Procedures of UE-to-UE L2-relay operated by one P-Relay-UE and one S-Relay-UE.

If MAC layer is involved in L2 relay operation, there are two options for relay transmission. 

· Option-1 is, MAC entity in relay UE does not check the HARQ feedback, and blindly makes the retransmission.

· Option-2 is, MAC entity in relay UE checks the HARQ feedback, and makes the retransmission if it receives NAK.

Regarding the resources for retransmission by relay, it shall use the reserved resource(s) indicated by the SCI in the initial TB transmission. This is because a relay UE should successfully decode the received SCI and then the corresponding TB and be aware of the reserved resource(s) for retransmission and the associated PSFCH resource. Note that, in consideration of the RTT, the time gap between PSSCH and PSFCH resources for the initial transmission should larger than the time gap between PSSCH and PSFCH resources for relay-based retransmission.
Proposal-3: L2 layer shall be performed in the MAC layer, and the HARQ entity in a relay-UE checks the reserved resources for the initial transmission for relay-based retransmission.
3. Conclusion
In this contribution, we have discussed the relay discovery model and the relevant procedures, towards unicast, groupcast, and broadcast. The following proposals should be taken into account in NR-V2X sidelink:

Proposal-1: The (pre)-configured threshold for the selection of a candidate relay-UE in groupcast shall be associated with communication range.
Proposal-2: The threshold for the selection of a candidate relay-UE shall be separately (pre)-configured for P-relay UE and S-relay UE.

Proposal-3: L2 layer shall be performed in the MAC layer, and the HARQ entity in a relay-UE checks the reserved resources for the initial transmission for relay-based retransmission.
References
[1] 3GPP TSG RAN #86, RP-193253, New SID: Study on NR sidelink relay, Sitges, Spain, December 09 – 12, 2019.
[2] 3GPP TS 36.331, Radio Resource Control Protocol Specification, V15.8.0, December 2019.
[3] 3GPP TSG RAN WG1 Meeting #111e, Mechanisms and Characteristics in NR Sidelink Relaying, R2- 2006867, Fujitsu.
[4] 3GPP TSG RAN WG1 Meeting #111e, Scope, Requirements and Scenarios in Sidelink Relaying, R2- 2006866, Fujitsu.
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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