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1. Introduction
The protocol stack design for UE-to-Network relay and UE-to-UE relay has been discussed in the previous meeting [1]. However, some details still remain to be FFS. In addition, some additional issues also need to be solved. This contribution aims to discuss the remaining issues for the UE-to-Network relay and UE-to-UE relay.
2. Discussion
2.1 L2 UE-to-Network relay
Failure handling

In L2/L3 UE-Network relay case, the remote UE communicates with gNB via relay UE. For UL data, the remote UE will transmit the data to gNB via relay without BSR-like mechanism. When RLF on Uu link of the relay UE happens, the remote UE will continue the UL data transmission because the remote UE does not know the state of Uu interface. Once RLF on the Uu interface of the relay happens, the relay UE will perform RLF recovery e.g. fast MCG link recovery and re-estabishment procedure. If the re-establishment is sucessful, the relay UE will continue to stay at connected state. Otherwise, the relay UE enters idle state.

Unfortunately, the relay UE cannot transmit the data from the remote UEs to the serving gNB during RLF recovery, e.g. fast MCG link recovery or re-establishment. However, the remote UEs will keep transmitting the UL data terminated in the gNB to the relay UE. It may result in the overflow in the buffer of the relay UE. Therefore, the remote UE should be notified with the state of Uu link e.g the RLF of the Uu interface. The remote UE should suspend the UL data transmission toward the gNB once the remote UE receives the failure notification from the L2/L3 relay UE. Meanwhile, the remote UE can continue to receive the data from the gNB stored in the buffer of the relay UE.

Observation 1: Once RLF on the Uu interface of the relay happens, the relay UE will perform RLF recovery e.g. fast MCG link recovery and re-estabishment procedure. If the re-establishment is sucessful, the relay UE will continue to stay at connected state. Otherwise, the relay UE enters idle state.
Observation 2: The remote UE will continue to transmit the UL datato the relay UE on the PC5 interface even if RLF on Uu interface of the relay UE happens because the remote UE is not aware of the state of Uu interface. It may result in a buffer overflow in the relay UE.
Proposal 1: The remote UE(s) should be notified of the state of Uu link from the L2/L3 U2N relay UE: 

· RLF on the relay UE’s Uu interface;
· Recovery failure; 
· Recovery success;

Proposal 2: The remote UE should suspend the SL data transmission towards the relay UE for UL data once the remote UE receives the failure notification from the L2/L3 relay UE.

Proposal 3: The remote UE should resume the SL data transmission towards the relay UE for UL data once the remote UE receives the recovery success notification from the L2/L3 relay UE.

Proposal 4: The remote UE should perform relay reselection once the remote UE receives the recovery failure notification from the L2/L3 relay UE.

If sidelink RLF happens on the link between remote UE and relay UE, the relay UE will transmit the failure notification to gNB. Once gNB receives failure notification from relay UE, it is left for gNB implementation to handle it. For exmaple, gNB suspends the data transmission for the remote UE.

Proposal 5: The relay UE will transmit the failure notification for the sidelink RLF to gNB once failure happens on the link between the remote UE and the L2/L3 relay UE.
2.2

UE-to-UE relay
2.2.1
Bearer Multiplexing
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Fig.1: UP Protocol Stack                              Fig.2: CP Protocol Stack 
It was agreed that the adaptation layer is located in the first hop and second hop between the UE1 and UE2. For the first hop of L2 UE-to-UE Relay, the N:1 mapping between remote UE SL Radio Bearers and first hop PC5 RLC channels is supported in the first hop PC5 adaptation layer. Furthermore, the adaptation layer over first PC5 hop between Source Remote UE and Relay UE supports to identify traffic destined to different destination remote UEs. It is from resource efficency point of view beneficial to support that packets associated with the different destination UEs served by the same relay UE can be multiplexed in one TB for the first hop. Further details on how the multiplexing is supported can be discussed in the work item phase. 
Proposal 6: In U2U relaying, multiplexing of sidelink data by the transmitter remote UE towards more than one Rx remote UE served by the same relay node into a TB is supported.

It was agreed that PC5 adaptation layer of the second hop supports the N:1 bearer mapping between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop and supports the remote UE identification function. If the data from the different transmitting remote UEs assoicated with the same destination UE are received by the relay UE, it is benefitial to allow the data from the different transmitting UE to be multiplexed to one PDU of the adaptation layer.
Proposal 7: In U2U relaying, the data from the different transmitting UEs towards the same destination UE can be multiplexed by the relay UE to one PDU of the adaptation layer.
2.2.2
Transmission mode on PC5

We take the most simple/ general relaying scenario:
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Figure 1
For the second interface, in case of U2U relays, it should be the transmitter deciding on the PC5 transmission mode.
Proposal 8: In U2U Relaying, the relay UE decides if it would perform HARQ feedback based retransmissions on Interface-2 or rather only Blind retransmissions.
For U2U relaying, if there are more than one relay UEs that may relay data to a given destination, the final selection of relay towards a destination shall consider the radio quality of both interfaces, i.e. not just of PC5 interface between remote Tx and relay UE but also between the relay UE and the destination.

Proposal 9: For U2U relaying, the final selection of relay towards this destination shall consider the radio quality of both interfaces, i.e. not just of PC5 interface between remote Tx and relay UE but also between the relay UE and the destination.
2.2.3

Failure handling in L2/L3 U2U relay
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Fig. UE-to-UE relay

In L2/L3 UE-to-UE relay case, the remote UE1 communicates with UE2 via the relay UE. The relay UE will declare the sidelink RLF of the link between the relay UE and UE2 when one of the following conditions happen:.

· upon indication from sidelink RLC entity that the maximum number of retransmissions for a specific destination has been reached; or

· upon T400 expiry for a specific destination; or

· upon indication from sidelink MAC entity that the maximum number of consecutive HARQ DTX for a specific destination has been reached; or

· upon integrity check failure indication from sidelink PDCP entity concerning SL-SRB2 or SL-SRB3 for a specific destination:

The transmitting UE1 will keep transmitting the data terminated in the UE2 to relay UE even if sidelink RLF on the PC5 link between the relay UE and the UE2 happens because the transmitting UE is not aware of the failure in the second hop. The buffer in the relay UE may overflow because the received data from the transmitting UE cannot be relayed to the UE2 in time. Therefore, the transmitting UE should be notified of sidelink failure in the second hop once the sidelink failure happens. Also, the destination UE should be included in the notification in order to that the transmitting remote UE can identify the exact connection.
Observation 3: The transmitting UE1 will keep transmitting the data terminated in the receiving UE2 to relay UE even sidelink RLF on the PC5 link between the relay UE and the receiving UE2 happens because the transmitting UE is not aware of the failure in the second hop.
Observation 4: The buffer in the relay UE may overflow because the received data from the transmitting UE cannot be relayed to the destination UE since the sidelink failure of the second hop happens.
Proposal 10: The transmitting UE should be notified of the sidelink RLF of the link between the relay UE and the receiving UE in the L2/L3 UE-to-UE relay case.
Proposal 11: The transmitting UE may suspend the data transmission terminated in the receiving UE to the L2/L3 relay UE when the transmitting UE receives the sidelink failure notification from the L2/L3 relay UE.

Proposal 12: The transmitting UE performs relay reselection when the transmitting UE receives the sidelink failure notification from the L2/L3 relay UE.
2.3
Issues common to L2 and L3 relay

There are quite many aspects common to both L2 and L3 relays and since there’s no “common” agenda/ sub-agenda, we discuss these here.

2.3.1

Transmission mode on PC5

We take the most simple/ general relaying scenario described earlier. For the interface-1 it should be natural that UE1 decides by itself if HARQ feedback-based retransmission or rather BR needs to be used, based on the principles of Rel.16 V2X work i.e. using (pre)configuration received from the network. 

Proposal 13: In U2U and U2N L2/ L3 relaying, transmitter remote UE decides if HARQ feedback based retransmission or rather BR needs to be used, based on the principles of Rel.16 V2X work.
Conclusion

In this contribution, the following observations and proposals are given based on the discussion:

Proposal 1: The remote UE(s) should be notified of the state of Uu link from the L2/L3 U2N relay UE: 

· RLF on the relay UE’s Uu interface;

· Recovery failure; 

· Recovery success;

Proposal 2: The remote UE should suspend the SL data transmission towards the relay UE for UL data once the remote UE receives the failure notification from the L2/L3 relay UE.

Proposal 3: The remote UE should resume the SL data transmission towards the relay UE for UL data once the remote UE receives the recovery success notification from the L2/L3 relay UE.

Proposal 4: The remote UE should perform relay reselection once the remote UE receives the recovery failure notification from the L2/L3 relay UE.

Proposal 5: The relay UE will transmit the failure notification for the sidelink RLF to gNB once failure happens on the link between the remote UE and the L2/L3 relay UE.
Proposal 6: In U2U relaying, multiplexing of sidelink data by the transmitter remote UE towards more than one Rx remote UE served by the same relay node into a TB is supported.

Proposal 7: In U2U relaying, the data from the different transmitting UEs towards the same destination UE can be multiplexed by the relay UE to one PDU of the adaptation layer.
Proposal 8: In U2U Relaying, the relay UE decides if it would perform HARQ feedback based retransmissions on Interface-2 or rather only Blind retransmissions.
Proposal 9: For U2U relaying, the final selection of relay towards this destination shall consider the radio quality of both interfaces, i.e. not just of PC5 interface between remote Tx and relay UE but also between the relay UE and the destination.
Proposal 10: The transmitting UE should be notified of the sidelink RLF of the link between the relay UE and the receiving UE in the L2/L3 UE-to-UE relay case.
Proposal 11: The transmitting UE may suspend the data transmission terminated in the receiving UE to the L2/L3 relay UE when the transmitting UE receives the sidelink failure notification from the L2/L3 relay UE.

Proposal 12: The transmitting UE performs relay reselection when the transmitting UE receives the sidelink failure notification from the L2/L3 relay UE.

Proposal 13: In U2U and U2N L2/ L3 relaying, transmitter remote UE decides if HARQ feedback based retransmission or rather BR needs to be used, based on the principles of Rel.16 V2X work.
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