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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2 meetings, the issues of QoS were discussed and reached many agreements. But it is still unclear whether flow control and pre-emptive BSR should be supported in L2 U2N relay. In this contribution, we will analyze these two issues and give our preference.
Discussion
Flow control
Whether it is necessary to introduce flow control?
In NR, flow control was introduced in IAB. In IAB, flow and congestion control can be supported in both upstream and downstream directions in order to avoid congestion-related packet drops on IAB-nodes and IAB-donor-DU:
· In upstream direction, UL scheduling on MAC layer can support flow control on each hop;
· In downstream direction, flow control is supported on BAP sublayer, where the IAB-node can send feedback information on the available buffer size for a BAP routing ID to its parent node. The feedback can be sent proactively, e.g., when the buffer load exceeds a certain threshold, or based on polling by the parent node.
For NR sidelink relay, similar as the IAB, there are two hops between remote UE and gNB, hence whether flow control should be introduced should be discussed. Our analysis is as below:
· For the UL of L2 U2N relay, different from IAB, the PC5 UL transmission is not controlled by relay UE but by remote UE itself since only resource allocation mode 2 is supported by the remote UE. When the remote UE performs mode 2 resource allocation, according to the current MAC specification, it will only consider the available resource indicated by physical layer, the remaining PDB of SL data, the number of HARQ retransmission and etc. It will not consider whether the UL Uu link is congested or not. Hence, it is possible that a lot of data is sent from remote UE to relay UE, but it cannot be sent to gNB since the Uu UL is congested. Hence, UL flow control is necessary for L2 U2N relay.
· For the DL of L2 U2N relay, there are two cases:
· Case 1: Relay UE is configured with mode 1.
In this case, both the DL Uu and PC5 transmission are controlled by gNB. gNB is aware whether PC5 link is congested or not, hence gNB implementation can handle the DL flow control and no addition specification effort is needed.
· Case 2: Relay UE is configured with mode 2.
In this case, only the DL Uu scheduling is controlled by gNB, but the DL PC5 scheduling is controlled by relay UE. Hence, it is possible that Uu is not congested but PC5 is congested. In order to avoid it, DL flow control is necessary for L2 U2N relay.
[bookmark: _Ref90565672][bookmark: _Ref90891094]Proposal 1: For L2 U2N relay, flow control should be specified for UL transmission in order to avoid UL Uu link congestion.
[bookmark: _Ref90891100][bookmark: _Ref90565675]Proposal 2: For L2 U2N relay, if relay UE is configured with mode 1, flow control for DL transmission can be handled by gNB implementation, and no specification effort is needed.
[bookmark: _Ref90891104]Proposal 3: For L2 U2N relay, if relay UE is configured with mode 2, flow control should be specified for DL transmission in order to avoid DL PC5 link congestion.
Which layer is responsible for flow control?
Regarding to which layer is responsible for flow control, there are two possible methods:
· Alt 1: SRAP layer;
· Alt 2: MAC layer.
For IAB, flow control is specified in BAP layer. But for sidelink relay, since the scheduling and buffer status are both MAC functions, hence, Alt 2 is more suitable compared with Alt 1. It can reduce the cross-layer interaction.
[bookmark: _Ref90565678]Proposal 4: For L2 U2N relay, flow control can be supported in MAC layer.
How to specify the flow control procedure?
In our understanding, the similar mechanism as IAB can be used in L2 U2N relay. That is flow control should be based on buffer status, as below:
· For UL, relay UE should send flow control indication to remote UE if the UL Uu buffer size of logical channels used for relay link is above the configured threshold.
· For DL, relay UE should send flow control indication to gNB if the PC5 buffer size is above the configured threshold.
[bookmark: _Ref90565681]Proposal 5: For L2 U2N relay, the following flow control mechanisms can be used:
· For UL, relay UE should send flow control indication to the remote UE if the UL Uu buffer size of logical channels used for relay link is above the configured threshold.
· For DL, relay UE should send flow control indication to gNB if the DL PC5 buffer size is above the configured threshold.
Pre-emptive BSR
Whether it is necessary to introduce pre-emptive BSR?
In IAB, Pre-emptive BSR was introduced. The IAB-node can reduce UL scheduling latency through signaling of a Pre-emptive BSR to its parent node. The IAB-node can send the Pre-emptive BSR based on UL grants it has provided to child nodes and/or UEs, or based on BSRs it has received from child nodes or UEs.
For L2 U2N relay, there are two hops between the remote UE and gNB, one is PC5 and another is Uu. For UL transmission, the UL PC5 transmission of remote UE is scheduled by remote UE itself since only resource allocation mode 2 is used for remote UE. If Pre-emptive BSR is introduced, it can also help reducing UL scheduling latency:
· Relay UE can trigger the Pre-emptive BSR once it receives SCI, it does not need to wait for SL data decoding.
· If SCI contains resource reservation for further SL transmissions, it can also trigger the Pre-emptive BSR before the further SL data transmission.
The above description is shown in Figure-1:


                         Figure-1 Example of Pre-emptive BSR for L2 U2N relay
[bookmark: _Ref90565686]During the last RAN2 meeting, company objects introducing Pre-emptive BSR thinks type 1 CG can be used to reduce the UL scheduling latency, but we think it is impossible since gNB does not know the SL data arrival pattern in PC5.
[bookmark: _Ref90891118]Proposal 6: For L2 U2N relay, the pre-emptive BSR should be introduced in order to reduce the UL scheduling latency.
How to trigger the Pre-emptive BSR?
As shown in the above Figure-1, the triggers of Pre-emptive BSR can be as below:
· For the first SCI transmission, the Pre-emptive BSR can be initiated once the stage-2 SCI is received;
· If the SCI includes resource reservation for further transmissions, considering the relay UE knows when the next SCI will arrive, it can initiate Pre-emptive BSR in advance in order to ensure there is UL grant available when the SL data is arrive at the relay UE or it can initiate Pre-emptive BSR similar as the first SCI reception.
[bookmark: _Ref85201229][bookmark: _Ref90565689][bookmark: _Ref90891122]Proposal 7: For L2 U2N relay, when to trigger the Pre-emptive BSR can be left to relay UE implementation, e.g., upon the SCI reception or trigger the Pre-emptive BSR for the next SL transmission in advance if there is resource reservation is indicated in the current SCI.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For L2 U2N relay, flow control should be specified for UL transmission in order to avoid UL Uu link congestion.
Proposal 2: For L2 U2N relay, if relay UE is configured with mode 1, flow control for DL transmission can be handled by gNB implementation, and no specification effort is needed.
Proposal 3: For L2 U2N relay, if relay UE is configured with mode 2, flow control should be specified for DL transmission in order to avoid DL PC5 link congestion.
[bookmark: _GoBack]Proposal 4: For L2 U2N relay, flow control can be supported in MAC layer.
Proposal 5: For L2 U2N relay, the following flow control mechanisms can be used:
· For UL, relay UE should send flow control indication to the remote UE if the UL Uu buffer size of logical channels used for relay link is above the configured threshold.
· For DL, relay UE should send flow control indication to gNB if the DL PC5 buffer size is above the configured threshold.
Proposal 6: For L2 U2N relay, the pre-emptive BSR should be introduced in order to reduce the UL scheduling latency.
Proposal 7: For L2 U2N relay, when to trigger the Pre-emptive BSR can be left to relay UE implementation, e.g., upon the SCI reception or trigger the Pre-emptive BSR for the next SL transmission in advance if there is resource reservation is indicated in the current SCI.
[bookmark: _Ref69910645]
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