3GPP TSG-SA WG2 Meeting #163                                                              	S2-24xxxxx
27 - 31 May, 2024, Jeju, Korea	(revision of S2-2406197)
Source:	NIST, US DHS Science & Technology
[bookmark: _Hlk166232501]Title:	Supporting MCPTT Off-Network Mode Group Call Over U2U Multi-Hop Relay
Document for:	Discussion
Agenda item:	19.7
[bookmark: _Hlk164927718]Work Item / Release:	FS_5G_ProSe_Ph3 / Rel-19
Abstract of the contribution: This document studies the feasibility of supporting MCPTT group call over U2U multi-hop relay based on Rel-19 solutions captured in TR 23.700-03, and identifies challenges for future improvements.
1.	Introduction
[bookmark: _Hlk109153981]Based on the discussion before and during SA2 #162, the following agreement has been captured in TR 23.700-03 under KI#2:
“NOTE:  Enabling support for group communication (i.e. one UE communicates with multiple UEs at the same time) at application layer over the multi-hop UE-to-UE Relays is desirable.”	
Mission Critical Push-To-Talk (MCPTT) is an important mission critical application standardized by 3GPP. It is capable of providing voice communication to public safety users and operates in either on- or off-network mode. The off-network mode MCPTT operations are more suitable for out-of-coverage scenarios such as Use Case 1 in S2-2402349 which corresponds to the U2U multi-hop relay architecture. 
Starting from the stage-3 MCPTT specifications, this contribution studies the feasibility to support the off-network mode group call over U2U multi-hop relay by various solutions from the perspective of requirements on IP layer capabilities and identifies potential areas for future improvements.
[bookmark: _Hlk166248824]2.	Discussion
[bookmark: _Hlk164928993]The MCPTT off-network mode group call operation starts when a UE establishes or joins an MCPTT group call through call control procedures, as defined in TS 24.379. If the UE wants to talk to the group, it needs to go through the floor control procedures afterwards, as defined in TS 24.380. Once the UE gets the floor, it can start transmitting voice packets, e.g., the MCPTT user can start talking to the group.
As a part of the call control procedures, it is specified in Section 10.2.1.1 of TS 24.379 that:
[bookmark: _Toc20156010][bookmark: _Toc27501167][bookmark: _Toc36049293][bookmark: _Toc45210059][bookmark: _Toc51860884][bookmark: _Toc162962764]“10.2.1.1.1	MONP message transport
In order to participate in a call of an MCPTT group, the MCPTT client:
1)	shall send the MONP message as a UDP message to the multicast IP address of the MCPTT group, to UDP port 8809, with an IP time-to-live set to 255; and
2)	shall treat UDP messages received on the multicast IP address of the MCPTT group and on port 8809 as received MONP messages.  ……”
The MONP message above stands for MCPTT Off-Network Protocol message.
Once the group call is established, floor control messages are transported through the media plane control channel. It is specified in Section 4.3.2 of TS 24.380 that “The media plane control channel is realized by sending RTCP APP packets on top of UDP/IP.”
The MCPTT voice packets are transported as RTP media packets as shown in various places across Section 7 of TS 24.380.
Observation 1: The MCPTT off-network mode group call can be supported by sending the application layer traffic (e.g., call control messages, floor control messages, voice packets) to the multicast IP address of the MCPTT group.
It is reasonable to assume that neighboring UEs can establish point-to-point IP connections. In order to support an MCPTT group call, a U2U multi-hop relay solution should be able to direct, to all targeted UEs (i.e., group members), the mission critical traffic which has been mapped to the multicast IP address of the MCPTT group. Given that IPv6 has already reserved certain ranges of IP addresses for multicast, the above requirement can be met via one of the following options:
Option 1: Running a multicast routing protocol at the IP layer in parallel to IP unicast routing. For example, IGMP, SMP, PIM, SMF (MANET-based)
Option 2: Achieving multicast delivery results by duplicating the transmissions over IP unicast link. For example, an IP over IP overlay.
Option 3: Mapping the multicast IP address to a potential multi-hop groupcast service at the ProSe/PC5 layer. For example, extend the groupcast defined in Section 7.4 of TS 24.554 to support multi-hop.
Although Option 3 has the potential to be more efficient (e.g., by considering the radio resource availability and/or channel condition), it is not feasible for the current Rel-19 SI due to the limited TUs left. When compared with Option 2, Option 1 may avoid unnecessary transmissions of relayed/forwarded data.
Proposal 1: To support MCPTT off-network mode group call over U2U multi-hop relay within Rel-19 timeline, the preferred option is to run a multicast routing protocol at the IP layer in parallel to IP unicast routing.
[bookmark: _Hlk166532176]However, according to Section 10.6.3.1 of stage 2 spec TS 23.379, “The establishment of an off-network group call using the ProSe capability is based on the one-to-many ProSe direct communication procedure for public safety use described in 3GPP TS 23.303 [7].” This requirement makes Option 3 the only qualified choice, although not possible within the given time frame. This challenge needs to be addressed, as also pointed out by another company during the round 1 of the NWM discussion.
Proposal 2: If Proposal 1 is agreed, Section 10.6.3.1 of TS 23.379 needs to be updated accordingly for consistency.
Even though Proposal 1 will enable the support of MCPTT group call over U2U multi-hop relay, there are still some challenges to be addressed related to the access time experienced by MCPTT users. During both call control and/or floor control procedures, there are timers and counters associated with several control messages individually. For example, timer TFG3 for the Call Probe message, TFG1 for the Call Announcement message, and timer T201 and counter C201 for the Floor Request message. A shorter timer can expedite the retransmission of a lost message. A larger timer can avoid premature and, thus, unnecessary retransmissions. As the number of relay hops increases along the path, so does the variation in the round-trip time. To ease the configuration of MCPTT timers and counters at the application layer, two improvements may be considered:
1. [bookmark: _Hlk166474650]Pre-establish the multi-hop paths between End UEs as much as possible, so that the variation in the latencies to reach all members of a group call can be minimized.
Among the solutions proposed for U2U multi-hop relay, proactive MANET-based solutions have the head start in establishing an almost ready IP routing table even before a UE initiates a group call. In other solutions, if a UE starts establishing its entire path to other UEs only upon the request from its MCPTT user to start/join a group or to talk, the delay experienced by the first few MCPTT control messages (e.g., Call Probe, Call Announcement, Floor Request) might exceed the pre-configured MCPTT timer values. The premature expiration of these timers will lead to unnecessary retransmissions and/or the undesirable “multiple groups” or “multiple floor arbitrators” situations. 
2. [bookmark: _Hlk166474769]The maximum number of hops along the path may be taken into account when configuring the MCPTT timers and counters. This value can be pre-configured at the MCPTT layer, or it may be dynamically reported by a lower layer to the MCPTT application for each group call, e.g., the maximum number of hops among all group members. Further details may be discussed in the normative phase or in CT1.
Proposal 3: To reduce the access time of MCPTT off-network mode group call users over Rel-19 U2U multi-hop relay, it is proposed that:
3.1 The multi-hop paths between End UEs should be pre-established as much as possible, such as in proactive MANET-based solutions.
3.2 The maximum number of hops along the path may be taken into account when configuring the MCPTT call control and floor control timers and counters. Further details may be discussed in the normative phase or in CT1.
3.	Conclusion	
Based on the analysis of 3GPP MCPTT off-network mode group call operations (especially the setup procedures) and U2U multi-hop relay solutions, the following observation and proposals are made:
Observation 1: The MCPTT off-network mode group call can be supported by sending the application layer traffic (e.g., call control messages, floor control messages, voice packets) to the multicast IP address of the MCPTT group.
Proposal 1: To support MCPTT off-network mode group call over U2U multi-hop relay within Rel-19 timeline, the preferred option is to run a multicast routing protocol at the IP layer in parallel to IP unicast routing.
Proposal 2: If Proposal 1 is agreed, Section 10.6.3.1 of TS 23.379 needs to be updated accordingly for consistency.
Proposal 3: To reduce the access time of MCPTT off-network mode group call users over Rel-19 U2U multi-hop relay, it is proposed that:
3.1 The multi-hop paths between End UEs should be pre-established as much as possible, such as in proactive MANET-based solutions.
3.2 The maximum number of hops along the path may be taken into account when configuring the MCPTT call control and floor control timers and counters. Further details may be discussed in the normative phase or in CT1.

