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NR Sidelink Relay was developed during Rel. 17 and strove to extend the coverage of the traditional network. 
Such additional coverage should be available not just for best effort type of data but also for voice and video and for other types of streaming data distributed using the 5G media streaming architecture (5GMS) [12]. 
Several features were omitted from the Rel.17 work for lack of time and a new WI drawn up for Rel.18, currently revised in [1], to provide additional features. One feature missing is support for media streaming via sidelink relay.
In this contribution, we discuss the need for supporting media streaming to an NR Sidelink Remote UE using an indirect network connection via an NR Sidelink UE-to-Network (U2N) Relay UE. We propose to support RAN-assisted codec adaptation ([10]) for an indirect network connection via an NR Sidelink U2N Relay UE by extending the existing RAN mechanism based on the Recommended Bit Rate MAC CE, already present in LTE and NR. This is also very useful for Multimedia Priority Service and Emergency services.
Discussion 
Use cases
It is important for UE-to-Network relays to provide good quality voice and video. If a UE, under bad radio conditions, or out of coverage, were to establish a call or video conference, it would experience poor call quality, or no service. By using UE-to-Network relays, a Remote UE would be able to establish a call or video conference. It is therefore important that the UE-to-Network relay framework supports good quality voice and video. 
As an example, an ambulance acting as a permanent Relay UE can be leveraged by the ambulance personnel when they are on duty in areas where the coverage is poor. Therefore, Relays will be used for emergency and public safety use cases where good quality voice and video are of key importance.
Motivation
To support good quality voice and video it is important to support end-to-end QoS over relay connection, as defined in [13], [14]. Also, in RAN2, the QoS enforcement aspects were studied in TR 38.836 for layer-2. However, during relay operation, the circumstances (such as link quality) may change and congestion may occur. To deal with these types of situations, RAN-assisted codec adaptation ([11]) and Recommended Bit Rate (RBR) MAC CE ([3], [4], [5]) were introduced in LTE in release 14. There were several reasons for this enhancement:
1. Better balance of the voice codec rate and the network capacity: the introduction of codec rate recommendation allows the network to better coordinate the network resources.
2. Better user experience: the codec rate can be reduced to minimize packet loss under poor radio conditions and increased under good radio conditions to offer better quality.
3. Overcome the limitations of Explicit Congestion Notification (ECN): If any node on the routing path does not support ECN, or it does not understand the meaning of ECN-Capable Transport (ECT) codepoint, ECN mechanism may not work correctly.
It was concluded ([3]) that a flexible and efficient codec modification mechanism was useful and needed. The same principles applied for other high bitrate media, such as video in MTSI (VoLTE with added video, ViLTE), where the bitrate variations and maximum bitrate are typically much larger than for voice. 
Likewise, the support of RAN-assisted codec adaptation in NR ([10]) was added in release 15 ([8], [9]) by leveraging the RBR MAC CE from LTE. This mechanism is used by the 5G media streaming architecture (5GMS) for ANBR-based downlink Network Assistance and for RAN Signalling based Support for Uplink Network Assistance [12]. This mechanism is also relevant to the multimedia priority service [15].
Observation 1: In the 5G system, media streaming to/from a UE with optimal QoS and performance relies on RAN-assisted codec adaptation. 
In conclusion, the RBR MAC CE was added to LTE and NR for the above-mentioned reasons. The same reasons remain valid for any use cases involving Remote UEs, indirectly connected to the network via a U2N Relay UE, where voice and video will be extensively used.
Proposal 1: RAN2 shall specify RAN-assisted codec adaptation for UEs indirectly connected via a U2N Relay UE, to support media streaming applications optimally and transparently.
Proposal 2: Extend the bit rate recommendation procedure, already defined in LTE and NR, to work for a Remote UE connected indirectly via a U2N Relay UE.
RAN bit rate recommendation procedure for U2N
As a result of [4] the RBR MAC CE was introduced in LTE in [6] and later added to [7]. As stated in [6], [7] and [9] the bit rate recommendation procedure that uses the RBR MAC CE is defined at the MAC layer and specifies the bit rate recommendation for the physical layer. 
The bit rate recommendation procedure needs to be split into two phases: between gNB and Relay UE and between Relay UE and Remote UE. In particular, for L3 U2N Relays a hop-by-hop RBR procedure is required since the gNB is not aware of the Remote UEs. The procedure between gNB and Relay UE can be the same as defined in NR ([7], [10]) and may reuse the RBR MAC CE. The procedure between Relay UE and Remote UE requires a new MAC CE for Sidelink SL-SCH. Since this procedure is defined at the MAC layer, it may be defined as common for L2 and L3 U2N Relay architectures. 
Observation 2: The bit rate recommendation procedure may be split into two parts. The procedure between gNB and Relay UE can be the same as in NR, whereas the procedure between Relay UE and Remote UE requires a new MAC CE for Sidelink.
Observation 3: The bit rate recommendation procedure is defined at the MAC layer and thus can be common for both L2 and L3 Relay UEs.
 
Proposal 3: At least for L3 Relay, RAN2 should specify a new MAC CE for Sidelink SL-SCH to support the bit rate recommendation procedure between the U2N Relay UE and the Remote UE.
Figure 1 shows an example of a proposed bit rate recommendation procedure for L2 U2N Relay UE. Figure 2 shows an example of a proposed bit rate recommendation procedure for L3 U2N Relay UE. In both examples, RBR denotes an RBR MAC CE while SL-RBR denotes the new MAC CE for Sidelink as discussed above. The most important aspects are:
1. gNB sends an UL RBR recommendation of 1500kbit/s for LCID 3 of the L2 or L3 U2N Relay UE
2. The U2N Relay UE decides to split the UL RBR recommendation as follows:
a. It sends a UL SL-RBR of 500 kbit/s for LCID 2 of Remote UE 1
b. It sends a UL SL-RBR of 500 kbit/s for LCID 5 of Remote UE 2
c. It sends a UL SL-RBR of 500 kbit/s for LCID 6 of Remote UE 2
3. For an L3 U2N Relay UE, its application layer decides how to split a recommendation. For an L2 U2N Relay UE, the RAN L2 relaying implementation (i.e. adaptation layer) in the UE decides how to split a recommendation. This may be specified by a policy (examples shown below); and a policy may be optionally configured by gNB using RRC configuration, in the L2 case.
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[bookmark: _Ref67291928]Figure 1: Bit rate recommendation procedure applied to L2 U2N Relay UE

[image: ]
[bookmark: _Ref69193629]Figure 2: Bit rate recommendation procedure applied to L3 U2N Relay UE
Just as in LTE and NR, the Uu RBR MAC CE may be generated as a response of a RBR query MAC CE from the Relay UE. Likewise, the U2N Relay UE may generate such RBR query as a result of the aggregation of one or more SL-RBR queries received from one or more Remote UE(s).
The U2N Relay UE decides how the recommendation included in RBR MAC CE for a particular LCID is distributed among the Sidelink SL-SCH logical channels associated to that LCID for U2N relaying functions. The distribution involves sending SL-RBR with adapted recommendation values to one or more Remote UE(s) connected to it. Such distribution can be decided by the L2/L3 U2N Relay UE or based on a policy configured by the network. The distribution can e.g., be a fair distribution, a distribution proportional to the requested bit rates or perhaps based on historic rates. Depending on how one Uu logical channel is mapped to one or more SL logical channel(s), this may involve e.g., the Relay UE distributing a recommendation to two logical channels of one Remote UE only, or to multiple Remote UEs as shown in the example cases above.
Conclusion
This contribution highlights the needs of supporting voice and video for Remote UEs indirectly connected via a U2N L2 or L3 Relay UE. In particular, the contribution proposes to extend the support of RAN-assisted codec adaptation towards Remote UEs by firstly reusing the existing bit rate recommendation procedure (that uses the Recommended Bit Rate MAC CE) towards the U2N Relay UE over Uu. The contribution secondly proposes to specify a new SL-SCH MAC CE “SL-RBR” to allow the Relay UE to distribute recommendations further to its Remote UE(s) and/or associated SL logical channels. The distribution of the received bit rate recommendation(s) can be decided by the L2/L3 U2N Relay UE or based on a policy configured by the network.
A summary of the observations and proposal can be found below:
Observation 1: In the 5G system, media streaming to/from a UE with optimal QoS and performance relies on RAN-assisted codec adaptation. 
Observation 2: The bit rate recommendation procedure may be split into two parts. The procedure between gNB and Relay UE can be the same as in NR, whereas the procedure between Relay UE and Remote UE requires a new MAC CE for Sidelink.
Observation 3: The bit rate recommendation procedure is defined at the MAC layer and thus can be common for both L2 and L3 Relay UEs.

Proposal 1: RAN2 shall specify RAN-assisted codec adaptation also for UEs indirectly connected via a U2N Relay UE, to optimally and transparently support media streaming applications.
Proposal 2: Extend the bit rate recommendation procedure, already defined in LTE and NR, to work for a Remote UE connected indirectly via a U2N Relay UE.
Proposal 3: At least for L3 Relay, RAN2 should specify a new MAC CE for Sidelink SL-SCH to support the bit rate recommendation procedure between the U2N Relay UE and the Remote UE.
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