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1. Introduction
In Rel-18, RAN2 discuss U2N relay. And in RAN2#121 meeting, RAN2 agreed that
Agreement:

RAN2 consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed.  Solutions can be considered next meeting (including the possibility of solutions needing work from RAN3).  Solutions based on the PDCP status report mechanism are the baseline.

Agreements:
RAN2 confirms that the relay UE A and relay UE B in scenario D are two different relay UEs.  No UE behaviour is expected to enforce this, i.e., the network does not trigger inter-gNB path switch to the same relay UE.  FFS how/if to capture in spec.

Event Z2 will not be specified unless the issue of comparing SL-RSRP and SD-RSRP can be resolved.  LS to RAN1/RAN4 to ask about the feasibility of such comparisons, clarifying that there is not yet consensus on whether to support the event.

In this paper, we discuss on this relating issue.
2. Discussion
2.1 SD-RSRP and SL-RSRP

During R17 work, RAN2 discussed power imbalance between SD-RSRP and SL-RSRP. In R17, UE does not need to compare SD-RSRP and SL-RSRP directly. So RAN2 decide not to introduce specific operation to distinguish SD-RSRP and SL-RSRP. For example, UE can trigger relay (re)selection based on either SD-RSRP or SL-RSRP measurement (it is up to UE whether to use SD-RSRP or SL-RSRP). However, if we want to introduce new measurement event for intra/inter i2i path switching, issue of power imbalance should be solved. 

And RAN2 sent the LS to RAN1/4 in last meeting. There is a question on whether a UE can directly compare SL-RSRP and SD-RSRP. Firstly, according to TS38.300-16.9.1, unicast transmission supports sidelink transmission power control but groupcast/broadcast don’t support the power control. And according to TS38.300-5.7.4.2, for unicast, UE can adjust a transmission power based on a pathloss between two communicating UEs. Therefore, in TS38.300, sidelink transmission power control is only defined for unicast.
Observation 1. In TS38.300, Sidelink transmission power control is only defined for unicast. 
TS38.213-16.2 describes how to control a sidelink transmission power. And the description indicates that the UE can a power based on downlink pathloss, sidelink pathloss, CBR measurement, priority and some configurations. We think it means that the spec does not clarify whether the UE should adjust a sidelink transmission power for groupcast/broadcast transmission by using power control mechanism specified in TS38.213 (i.e. for groupcast/broadcast, whether to adjust sidelink transmission power is up to UE). However, groupcast/broadcast is used for some measurements. So RAN2 should consider that a UE transmitting by groupcast/broadcast applies adjustment of transmission power based on the downlink pathloss. Otherwise, it may not make sense to directly compare two SD-RSRPs.
Observation 2. For groupcast/broadcast, UE may or may not adjust transmission power based on pathloss of downlink and/or sidelink.
Proposal 1. In Rel-17 groupcast/broadcast, RAN2 considers that UE adjusts transmission power only based on pathloss of downlink (i.e. “sidelink transmission power control” means transmission power adjustment based on a path loss between two communicating UE).
In a case that the UE transmitting by groupcast/broadcast adjusts transmission power based on downlink pathloss, there are cases that direct comparison between SL-RSRP and SD-RSRP is meaningful and that direct comparison is meaningless.
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Figure1. One example that i2i path switching can occur
In Fig.1, UE1 is a serving relay UE communicating with gNB and UE3, UE2 is a candidate relay UE communicating with gNB, UE3 is remote UE served by UE1. And transmission power is determined by following formulas;
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Firstly, we consider the case that the UEs use same RP or the case that the CBR may not much be different. And the case that P(O, D) and P(O, SL) may not much be different. If the condition of sidelink communication between UE1 and UE3 becomes worse, UE1 cannot increase transmission power. It means SD-RSRP from UE1 and SL-RSRP from UE1 may be same. In this case, SL-RSRP from UE1 and SD-RSRP from UE2 are comparable directly. If the condition of sidelink communication between UE1 and UE3 becomes better, SD-RSRP from UE2 may seem to be better than SL-RSRP from UE1. It seems to not be comparable directly. 
Observation 3. SD-RSRP and SL-RSRP measured by RS transmitted by one UE may be the same or different.


Case1. Same: sidelink pathloss based power is higher than downlink pathloss based power.


Case2. Different: sidelink pathloss based power is lower than downlink pathloss based power.
Some company considered offset is useful for comparing between SD-RSRP and SL-RSRP. We think offset is useful for case2. But for case1, UE applying offset to SL-RSRP may considers serving relay UE is better than candidate relay UE even if sidelink path may become worse. So, we think simple offset cannot solve this power imbalance issue.
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Figure.2 simple offset for case 1 and case 2
Observation 4. Simple offset cannot solve the power imbalance issue.
And maximum transmission power is configured per CBR of resource pool and priority of the data. So, difference of resource pool makes a difference between SD-RSRP and SL-RSRP. We think this issue is much complex and difficult to solve. By the way, RAN2 sent a related LS to RAN1/4 in RAN2#121. So RAN2 should wait a reply LS from RAN1/4
Proposal 2. RAN2 to wait reply LS from RAN1/4.
In email/online discussion of draft LS, RAN2 discussed whether the case of comparation between SL-RSRP and SL-RSRP is in use case. If remote UE communicates with sidelink UE which is potential relay UE, remote UE can compare SL-RSRP from serving relay UE and SL-RSRP from candidate relay UE. However, RAN2 seems to consider that there is no such the use case. 
Proposal 3. RAN2 confirms that remote UE cannot communicate directly with potential relay UE other than serving relay UE.

Proposal 4. If P.3 is not agreed, RAN2 confirms there is no issue that the comparation between two SL-RSRP even if each SL-RSRP is measured on different resource pools.
2.2 How to solve a data stuck to achieve lossless delivery
In previous meeting, RAN2 discussed on lossless delivery for inter-gNB path switching. In Rel-17, NW triggers PDCP re-establishment or PDCP data recovery by using explicit signalling when triggers intra-gNB i2d/d2i path switching. In current PDCP re-establishment and PDCP data recovery, PDCP entity does not retransmit the packet which successful delivery is confirmed by lower layer. And the packet may be stuck at serving relay UE. Therefore, packet loss will occur upon inter-gNB i2d/i2i path switching.
Observation 5. In current spec, PDCP doesn’t retransmit a PDCP PDU/SDU which successful delivery is confirmed by lower layer.

Observation 6. The PDCP PDU/SDU which successful delivery is confirmed by lower layer may be stuck at source relay UE (i.e. the packet is lost).
In current spec, PDCP entity does not need to discard a PDCP SDU when corresponding successful delivery is indicated by lower layer. And RLC entity does not need to discard an RLC SDU when corresponding RLC ack is indicated by peer RLC entity. Therefore, the spec does not mandate that the UE discards PDCP SDU and RLC SDU based on a corresponding RLC ack. PDCP entity discards a PDCP SDU and indicates to discard an RLC SDU to lower layer only when corresponding successful delivery is confirmed by PDCP status report or corresponding discard timer expires. In other words, remote UE has a packet data even after corresponding RLC ack is confirmed. So, Remote UE can retransmit stuck data at relay UE via new path.

However, as mentioned above, current spec leads packet loss. So RAN2 should discuss how to solve this issue. We consider two solutions as following;
Alt1. Remote UE based solution (relay specific PDCP solution).
Alt2. Relay UE based solution (RLC or SRAP supported solution).
For DL, remote UE may trigger PDCP re-establishment/data recovery according to RRCReconfiguration received from source gNB. Then, remote UE transmits a PDCP status report to target gNB in PDCP re-establishment/data recovery procedure. And source gNB transfers not-discarded DL packet to target gNB. The not discarded packets may or may not be confirmed as successful delivery by lower layer. So, target gNB can determine what packets should be sent to the remote UE. If target gNB sends transferred packets from source gNB before reception of remote’s status report to remote UE, remote UE can discard the packets which has already been received. Therefore, DL packet loss issue can be solved by NW implementation. In case that source gNB discards the packets due to expire of discard timer, it seems to be lifespan of the packet. Otherwise, NW should associate a very long discard timer with the packet.
Furthermore, if source gNB obtains PDCP status reports from remote UE to determine what packets should be transferred to target gNB, backhaul traffic can be reduced.

Observation 7. For DL packet, packet loss issue can be solved by NW implementation.

For UL, Alt.1 means that remote UE should re-transmit all PDCP PDUs/SDUs which the corresponding successful delivery has not been confirmed by the PDCP status report (regardless confirmation by lower layer). To perform this behaviour, source gNB should transmit PDCP status report to remote UE. In this solution, new PDCP behaviour is needed (i.e. relay specific behaviour). But it seems minimum modification.
Observation 8. For UL packet, packet loss issue can be solved in case that the remote UE retransmits PDCP PDU/SDU based on PDCP status report received from source gNB.
Alt.2 means that SRAP of relay UE should report multiple RLC ack received via PC5/Uu hop to gNB/remote UE, or that RLC of relay UE should send RLC ack after confirmation of corresponding another hop’s RLC ack. In SRAP solution, in a case of UL packet, relay’s Uu-SRAP knows which packet is successfully delivered because relay’s Uu-RLC indicates RLC SDU ack including information of RLC SDU (like a SN) to upper layer. So, relay’s Uu-SRAP can indicate via relay’s PC5-SRAP to remote’s PC5-SRAP of an information indicating which UE packet is successfully delivered. And remote UE’s PC5-SRAP indicates the information to PDCP layer. Based on this indication, PDCP can exclude successfully delivered packets from not-discarded packet which packet will be retransmitted during PDCP re-establishment or PDCP data recovery. This SRAP solution does not affect PDCP/RLC layer behaviour. But it seems complicated. For RLC solution, in case of UL packet, relay ‘s PC5-RLC will send an RLC ack to remote’s PC5-RLC after receiving a corresponding RLC ack via Uu interface. But in this solution, Uu-RLC needs to know RLC ack of corresponding PC5-RLC. Both solutions have a symmetry of giving UL and DL the same solution. However, both solutions (SRAP/RLC) can be applied to Rel-18 Relay UE. If Remote UE connects with Rel-17 Relay UE, packet loss occurs upon HO. 

Observation 9. SRAP-based solution and RLC-based solution are feasible but it seems complicated.
We think relay specific PDCP solution is simple way and provides versatility that Rel-17 relay UE can also be applied as relay UE. 

Proposal 5. Remote UE should re-transmit not-discarded PDCP PDUs/SDUs based on PDCP status report during PDCP re-establishment or PDCP data recovery.
3. Conclusion

In this contribution, we made the following proposals:
For comparison between SD-RSRP and SL-RSRP,
Observation 1. In TS38.300, Sidelink transmission power control is only defined for unicast. 
Observation 2. For groupcast/broadcast, UE may or may not adjust transmission power based on pathloss of downlink and/or sidelink.
Proposal 1. In Rel-17 groupcast/broadcast, RAN2 considers that UE adjusts transmission power only based on pathloss of downlink (i.e. “sidelink transmission power control” means transmission power adjustment based on a path loss between two communicating UE).
Observation 3. SD-RSRP and SL-RSRP measured by RS transmitted by one UE may be the same or different.


Case1. Same: sidelink pathloss based power is higher than downlink pathloss based power.


Case2. Different: sidelink pathloss based power is lower than downlink pathloss based power.
Observation 4. Simple offset cannot solve the power imbalance issue.

Proposal 2. RAN2 to wait reply LS from RAN1/4.

Proposal 3. RAN2 confirms that remote UE cannot communicate directly with potential relay UE other than serving relay UE.

Proposal 4. If P.3 is not agreed, RAN2 confirms there is no issue that the comparation between two SL-RSRP even if each SL-RSRP is measured on different resource pools.
For lossless delivery,
Observation 5. In current spec, PDCP doesn’t retransmit a PDCP PDU/SDU which successful delivery is confirmed by lower layer.

Observation 6. The PDCP PDU/SDU which successful delivery is confirmed by lower layer may be stuck at source relay UE (i.e. the packet is lost).
Observation 7. For DL packet, packet loss issue can be solved by NW implementation.

Observation 8. For UL packet, packet loss issue can be solved in case that the remote UE retransmits PDCP PDU/SDU based on PDCP status report received from source gNB.
Observation 9. SRAP-based solution and RLC-based solution are feasible but it seems complicated.
Proposal 6. Remote UE should re-transmit not-discarded PDCP PDUs/SDUs based on PDCP status report during PDCP re-establishment or PDCP data recovery.
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