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1	Introduction
In RAN#91e Work Item on NR SL Relay has been approved. The NR SL Relay WI has identified the following objectives for Layer 2 UE-to-Network relay:

Work Item objectives specific to Layer-2 (L2) relaying:
3.	Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4.	Specify mechanisms for service continuity 
a.	Limited to intra-gNB cases [RAN2]
5.	Specify mechanisms for U2N Adaptation layer design [RAN2]
a.	For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6.	Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]

In this paper, we discuss the problems related to determination of remaining Packet Delay Budget (PDB) by a relay UE to support end-to-end QoS for Layer 2 UE-to-NW relay. The determination of remaining PDB by the relay UE is crucial for efficient End-to-End (E2E) SL relay operations in both UE-to-NW and UE-to-UE relay use cases. 
2	Discussion
As per SL relay WID [RP-210904], sidelink based relaying functionality was additionally studied for sidelink/network coverage extension and power efficiency improvement, considering wider range of applications and services. Figure 1 illustrates the UE-to-NW SL relay scenario where the relay UE acts as a bridge between the remote UE and the network. 
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Figure 1: Relaying scenario
The relay UE plays a critical role in maintaining E2E QoS for both uplink (UL) and downlink (DL) of the associated remote UE(s). Several QoS factors such as GBR, reliability, and PDB/latency requirements may be considered and configured for the relay UE. More specifically, it is a challenge for the relay UE to maintain the E2E QoS especially for delay sensitive data, since it requires the relay UE to relay the transmission within the PDB limit considering the total PDB. Note that the delay budget used up by the remote UE in the first hop (PC5 hop) may vary depending on the resource congestion in mode-2 or network load in mode-1, and hence the relay UE needs to perform the relay transmission within the remaining PDB limit to meet corresponding PDB requirement. However, even though the relay UE(s) might be aware of the total PDB for a given transmission, the relay UE(s) might not be aware of the remaining PDB limit within which the relay transmission should be performed. It is also noted, a strict PDB split on PC5 hop is difficult to ensure due to the uncertainty in channel access delay on PC5.
Observation 1: Relay UE may not be aware of the remaining PDB for a given transmission from/to a remote UE.
For example, in the uplink, the remote UE generates a TB and transmits it on the first hop to the relay UE. The remote UE is aware of the remaining PDB (PDBr  ms) for this transmission and may schedule retransmissions as necessary before the expiry of the remaining PDB. The relay UE, upon receiving this transmission from the remote UE is aware of the QoS to be applied to the flow, based on the conventional relay setup procedure. However, due to several reasons such as resource congestion in mode-2 or network load in mode-1, the relay UE may not be aware of the delay budget used up by the remote UE in the first hop. If the remote UE needs to wait for x ms before a suitable resource is available for transmission of the TB, when the relay UE receives the transmission, the remaining PDB would only be PDBr – x ms. Although the relay UE is configured with the PDB requirements, it may not be aware of the x ms used up for resource selection, which should be negated from the configured PDB requirements. Therefore, it is possible that the relay UE overestimates the time remaining before which it must perform the (re)transmission of the considered TB on the second hop to the network. In this case, the relay UE may transmit the TB after the expiry of the PDB, resulting in reduced QoS for the remote UE and not meeting the accepted QoS agreements.
Observation 2: If the relay UE does not compute the remaining PDB for a given transmission from the remote UE, the QoS requirements for the remote UE may not be met.
Furthermore, if there are one or more relay UE(s) participating in unicast/groupcast transmission, the remaining PDB may enable the relay UE(s) to decide whether it should relay the transmission. This is particularly beneficial to reduce the channel load (both on PC5 and Uu) where the relay UE can choose not to relay if the respective relay transmission cannot be ensured within the remaining PDB. If the relay UE transmits on the second hop after the expiry of the remaining PDB, the resources used for the relay transmission can be viewed as wasted, since the transmitted TB may no longer be useful. In addition to resource wastage, it also results in additional power consumption for the relay UE, which may not be desirable considering the power limitation in the relay UE. In some scenarios, the relay UE(s) may also be utilized to provide reliability. In this case, the relay UE(s) may coordinate with the Tx UE(s) in an ad-hoc manner to decide if they should participate in the relay transmission taking into account the remaining PDB. 
Observation 3: If the relay UE does not compute the remaining PDB for a given transmission from the remote UE and/or the network, it may result in resource wastage and inefficient power consumption for the relay UE.
Hence, the remaining PDB can be viewed as crucial metric at the Relay UE to ensure E2E PDB, reduce resource wastage, channel load and power consumption, as well as in exploiting relay UE(s) for high reliability in SL communication. 
Proposal 1: RAN2 to discuss how the remaining PDB can be determined by the relay UE.
A simple approach in making the relay UE aware of the remaining PDB is to provision the related required information needed at the relay UE to determine the remaining PDB associated with the TB. If the relay UE receives such information from the network and/or remote UE, it can prioritize (or deprioritize or discard) the (re)transmission of corresponding TBs accordingly to reap the aforementioned benefits.   
Proposal 2: RAN2 to allow the provisioning of required information to the relay UE from both, the network and the remote UE, which can help the relay UE to determine the remaining PDB associated with a TB and prioritize accordingly the (re)transmissions of a given TB in both UL and DL, respectively. 
3	Conclusion
Observation 1: Relay-UE may not be aware of the remaining PDB for a given transmission from/to a remote UE.
Observation 2: If the relay UE does not compute the remaining PDB for a given transmission from the remote UE, the QoS requirements for the remote UE may not be met.
Observation 3: If the relay UE does not compute the remaining PDB for a given transmission from the remote UE and/or the network, it may result in resource wastage and inefficient power consumption for the relay UE.
Proposal 1: RAN2 is kindly requested to discuss how the remaining PDB can be determined by the Relay UE.
Proposal 2: RAN2 to allow the provisioning of required information to the relay UE from both, the network and the remote UE, which can help the relay UE to determine the remaining PDB associated with a TB and prioritize accordingly the (re)transmissions of a given TB in both UL and DL, respectively. 
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