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Introduction

In this contribution, we will focus on the potential QoS issues of L2 and L3 UE-to-Network relay, such as bearer mapping configuration, end-to-end PDB assurance, etc. 
Discussion
Bearer mapping configuration
According to previous RAN2 meeting’s agreement, bearer mapping is done between PC5 RLC bearer ID, id of remote UE and Uu RB, and Uu RLC bearer ID. However, it is not clearer how bearer mapping is configured for uplink and downlink traffic of remote UE traffic. In this section, we will discuss the detailed bearer mapping configuration.

For remote UE’s uplink traffic, the following bearer mapping configuration options of relay UE can be considered:

Option1: (PC5 RLC channel ID+ remote UE ID) to Uu RLC channel mapping. 
Option2: (Uu RB ID of  remote UE + remote UE ID) to Uu RLC channel mapping. 

Considering it is FFS whether adaptation layer is supported over PC5 interface and  Uu RB of remote UE and PC5 RLC channel is 1:1 or N:1 mapping, one may have following combinations for bearer mapping:

	Uu RB to PC5 RLC mapping of remote UE
	Adaptation layer over PC5
	Option1: (PC5 RLC channel ID+ remote UE ID) to Uu RLC channel mapping
	Option2: (Uu RB ID of  remote UE + remote UE ID) to Uu RLC channel mapping. 

	1 to 1
	Supported
	Sol#1: Feasible, no benefits.
Channel mapping of remote UE is 1 to 1. We do not see the benefits to support adaptation layer over PC5.
	Sol#2:Feasible, not efficient.
Compared with Sol#4, adaptation layer header including Uu RB ID f remote UE should be carried in every PC5 packet, which we think is not efficient.

	
	Not supported
	Sol#3:Feasible.

Compared with sol#4, Uu RB to PC5 RLC mapping of remote UE should does not need to be configured to relay UE

	Sol#4:Feasible. Additional configuration on relay UE.
To performance bearer mapping, relay UE needs to identify the received packet belongs to which Uu RB of remote UE. Therefore Uu RB to PC5 RLC mapping of remote UE should also be configured to relay UE.

	N to 1
	Supported
	Sol#5: Feasible, simplify relay UE operation and flexible bearer mapping configuration.
In this case,for uplink, adaptation layer operation in relay UE can be removed. Both local UE ID and Uu RB ID can be encapsulated into adaptation layer header of remote UE. After receiving packet from remote UE, relay UE can forward the packet to corresponding Uu RLC channel directly.

And compared with Sol#6, flexible bearer mapping configuration can also be achieved., since if gNB does not want two Uu RBs of remote UE share the same Uu RLC channel, they can be mapped into different PC5 RLC channels.

	Sol#6: Feasible, flexible bearer mapping configuration.

In this case, the Uu RB sharing the same PC5 RLC channel does not need to share the same Uu RLC channel. More flexible bearer mapping can be achieved.


	
	Not supported
	Sol#7: Not feasible.

Relay UE can not differentiate the received packet belongs to which Uu RB of remote UE
	Sol#8:Not feasible.

Relay UE can not differentiate the received packet belongs to which Uu RB of remote UE


As we can see, for both 1:1 mapping and N:1 mapping in remote UE, opton1 is the better solution. 
Proposal 1: For uplink bearer mapping, it is suggested RAN2 to adopt PC5 RLC channel ID + remote UE ID to Uu RLC channel mapping configuration.

For remote UE’s downlink traffic, the following bearer mapping configuration options of relay UE can be considered:

Option1: (Uu RLC channel ID + Remote UE ID) to PC5  RLC channel ID mapping.

Option2: (Uu RB ID of remote UE + Remote UE ID) to PC5  RLC channel ID mapping.

Similar with uplink bearer mapping, one may also have following combinations,:
	Uu RB to PC5 RLC mapping of remote UE
	Adaptation layer over PC5
	Option1: (Uu RLC channel ID + Remote UE ID) to PC5  RLC channel ID mapping
	Option2: (Uu RB ID of remote UE + Remote UE ID) to PC5  RLC channel ID mapping.

	1 to 1
	Supported
	Sol#1: Feasible, no benefits.
Channel mapping of remote UE is 1 to 1. We do not see the benefits to support adaptation layer over PC5.
	Sol#2:Feasible, no benefits.
Channel mapping of remote UE is 1 to 1. We do not see the benefits to support adaptation layer over PC5.

	
	Not supported
	Sol#3:Feasible, not flexible, efficient.

The mapping between Uu RB of remote UE  and Uu RLC channel can only be 1:1 mapping. Since if this mapping is N:1 mapping, remote UE can not differentiate the received packet belongs to which Uu RB.
	Sol#4:Feasible,  flexible, not efficient.
Compared with Sol#3, the mapping between Uu RB of remote UE  and Uu RLC channel can be 1:1 or N:1. However, Uu RB ID should be encapsulated into every DL Packet of remote UE over Uu interface, which we think is not efficient.


	N to 1
	Supported
	Sol#5: Feasible, flexible bearer mapping configuration.
Although Uu RB sharing the same Uu RLC channel need to share the same PC5 RLC channel, if gNB does not want tow Uu RB of remote UE share the same Uu RLC channel, they will also does not share the same PC5 RLC channel, flexible bearer mapping can also be achieved.

	Sol#6: Feasible, flexible bearer mapping configuration.

In this case, the Uu RB sharing the same Uu RLC channel does not need to share the same PC5 RLC channel. More flexible bearer mapping can be achieved.


	
	Not supported
	Sol#7: Not feasible.

Relay UE can not differentiate the received packet belongs to which Uu RB of remote UE
	Sol#8:Not feasible.

Relay UE can not differentiate the received packet belongs to which Uu RB of remote UE


As we can see, for downlink of remote UE, both option1 and option2 is feasible and beneficial. However, considering that for uplink of remote UE,option1 is a better choice. Therefore to have a unified solution, we prefer option1 also for downlink of remote UE.
Proposal 2: For downlink bearer mapping, it is suggested that RAN2 adopt Uu RLC channel ID + Remote UE ID to PC5  RLC channel ID mapping configuration.
As we discussed above, bearer mapping is done by using PC5 RLC bearer ID, which means gNB needs to know the TX and RX PC5 RLC bearer ID of relay UE. However, according to the current RRC spec, gNB does not indicate the RB ID, RLC bearer ID or logical channel ID to TX UE explicitly, all these IDs are allocated by TX UE self. After establishing the sidelink radio bearer in PC5 interface, TX UE will send the generated logical channel ID to RX UE via PC5 RRC signaling as shown in following:

Configuration received from gNB
	SL-RadioBearerConfig-r16 ::=     SEQUENCE {

    slrb-Uu-ConfigIndex-r16           SLRB-Uu-ConfigIndex-r16,
    sl-SDAP-Config-r16                SL-SDAP-Config-r16                                                 OPTIONAL,    -- Cond SLRBSetup

    sl-PDCP-Config-r16                SL-PDCP-Config-r16                                                 OPTIONAL,    -- Cond SLRBSetup
    sl-TransRange-r16                 ENUMERATED {m20, m50, m80, m100, m120, m150, m180, m200, m220, m250, m270, m300, m350, m370,

                                                 m400, m420, m450, m480, m500, m550, m600, m700, m1000, spare9, spare8, spare7, spare6,

                                                 spare5, spare4, spare3, spare2, spare1}                OPTIONAL,    -- Need R
    ...

}

SLRB-Uu-ConfigIndex-r16 ::=                    INTEGER (1..maxNrofSLRB-r16)

SL-RLC-BearerConfig-r16 ::=                   SEQUENCE {

    sl-RLC-BearerConfigIndex-r16                  SL-RLC-BearerConfigIndex-r16,

    sl-ServedRadioBearer-r16                      SLRB-Uu-ConfigIndex-r16                          OPTIONAL,   -- Cond LCH-SetupOnly

    sl-RLC-Config-r16                             SL-RLC-Config-r16                                OPTIONAL,   -- Cond LCH-Setup

    sl-MAC-LogicalChannelConfig-r16               SL-LogicalChannelConfig-r16                      OPTIONAL,   -- Cond LCH-Setup

    ...

}

SL-LogicalChannelConfig-r16 ::=            SEQUENCE {

   .....
    sl-LogicalChannelGroup-r16                 INTEGER (0..maxLCG-ID)                                                   OPTIONAL,   -- Need R

    sl-SchedulingRequestId-r16                 SchedulingRequestId                                                      OPTIONAL,   -- Need R

    sl-LogicalChannelSR-DelayTimerApplied-r16  BOOLEAN                                                                  OPTIONAL,   -- Need R

    ...

}




Configuration received from TX UE
	SLRB-Config-r16::=                      SEQUENCE {

    slrb-PC5-ConfigIndex-r16                SLRB-PC5-ConfigIndex-r16,

    sl-SDAP-ConfigPC5-r16                   SL-SDAP-ConfigPC5-r16                                               OPTIONAL, -- Need M

    sl-PDCP-ConfigPC5-r16                   SL-PDCP-ConfigPC5-r16                                               OPTIONAL, -- Need M

    sl-RLC-ConfigPC5-r16                    SL-RLC-ConfigPC5-r16                                                OPTIONAL, -- Need M

    sl-MAC-LogicalChannelConfigPC5-r16      SL-LogicalChannelConfigPC5-r16                                      OPTIONAL, -- Need M

    ...

}

SLRB-PC5-ConfigIndex-r16 ::=            INTEGER (1..maxNrofSLRB-r16)

SL-LogicalChannelConfigPC5-r16 ::=      SEQUENCE {

    sl-LogicalChannelIdentity-r16           LogicalChannelIdentity,

    ...

}


As we can see, for R17 sidelink relay, by using legacy PC5 RB configuration, since the PC5 RLC bearer ID is allocated by UE self, gNB does not know the  PC5 RLC bearer ID of relay UE, which causes corresponding bearer mapping can not be configured. 
Observation 1: In R16 NR V2X, PC5 RLC bearer ID is allocated by UE self and gNB does not know the PC5 RLC bearer ID which is allocated by UE self.

For this issue, in our opinion, a strightforward and simple solution is that sidelink remote UE and relay UE directly use the PC5 RLC bearer ID configured by gNB.
Proposal 3: It is suggested gNB set the PC5 RLC bearer ID for sidelink remote UE and relay UE, and sidelink remote UE and relay UE directly use the configured PC5 RLC bearer ID.

End to End QoS PDB ensurance of L2 relay
For L2 remote UE, after establishing the RRC connection with gNB, it may establish the PDU session with Core network, the E2E QoS flow requirements of the PDU session is reflected via the QoS profiles. To be specific, each QoS flow is associated with the 5QI value which defines the Packet Delay Budget (PDB). PDB defines the upper bound for the time that a packet may be delayed between the UE and the UPF. The PDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). 

Based on current implementation, the UL latency requirement may be reflected via the PDCP discardTimer associated with each UE bearer. At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall start the discardTimer associated with this PDCP SDU. When the discardTimer expires, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. When it comes to the L2 UE-to-Network relay, it is necessary for relay UE to further determine whether the PDB of the remote UE’s data packet could be guaranteed during traffic forwarding. However, for L2 relay UE, PDCP layer is not supported in relay UE for the relaying of remote UE’s traffic, which means relay UE does not know how long can the remote UE’s packet be kept for both downlink and uplink. And if relay UE never discard the out of date packet, the newly arrived packet may also suffer from large transmission delay, and corresponding PDB requirement can not be ensured. To handle this issue, a new packet discard mechanism should be considered for relay UE to discard out of date packet from remote UE.
Observation 2: Without discard timer of PDCP layer, relay UE does not know how long can the remote UE’s packet be kept for both downlink and uplink.

Proposal 4: RAN2 is suggested to consider the packet discard mechanism for the relaying of remote UE’s traffic at relay UE. 
For remote UE, gNB can not provide sidelink grant for transmission of aperiodic data directly, remote UE can only use mode2 to select resource for these packet. Meanwhile, relay UE can also be configured to use mode2 to transmit remote UE packet in PC5 interface. 
According to current MAC spec as shown below, the selected resource by UE using mode2 should ensure the remaining PDB of data:
	3>
randomly select the time and frequency resources for one transmission opportunity from the resources indicated by the physical layer as specified in clause 8.1.4 of TS 38.214 [7], according to the amount of selected frequency resources and the remaining PDB of SL data available in the logical channel(s) allowed on the carrier.


As we mentioned before, PDB defines the upper bound for the time that a packet may be delayed between the UE and the UPF. When it comes to sidelink relay, the overall PDB further consider the latency of PC5 part in addition to the Uu part and core network part. For example, the remaining PDB for remote UE or relay UE using mode2 should be the remaining PDB of PC5 part.

In Rel‑15, the PDB received by NG-RAN is the end-to-end delay (from UE to anchor UPF), there are notes under the table in clause 5.7.4 in TS 23.501 which clarify the RAN can assume CN PDBs are fixed for different 5QIs, for example, the CN PDB for 5QI value 1 is shown in following:

	NOTE 13:
A static value for the CN PDB of 20 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.


For Uu part of PDB, both downlink and uplink is scheduled by gNB, gNB will try to ensure the Uu part PDB as much as possible. And if corresponding PDB can not be ensured, as we discussed above, a discard mechanism can be used for relay UE to discard the out of date packet to minimize the influence.  For PC5 part of relay UE, based on legacy unicast procedure, the PC5 part PDB is obtained from remote UE via PC5 NAS signaling. However, since the service initiated by remote UE is Uu service, remote UE can only obtain the overall PDB from upper layer. In consequence, both remote UE and relay UE does not know the the PC5 part PDB, which results in both remote UE and relay UE using mode2 do not know how to select the suitable resource.

Observation 3: both remote UE and relay UE does not know the the PC5 part PDB, which results in both remote UE and relay UE using mode2 does not know how to select the suitable resource.

To handle this issue, from our perspective, gNB should split the overall PDB into PC5 part and Uu part, then configure the PC5 part PDB to remote UE and relay UE for mode2 resource sensing and selection.

Proposal 5: It is suggested that gNB split the PDB into PC5 part and Uu part, then configure the PC5 part PDB to remote UE and relay UE.

End to End QoS of L3 relay
In Layer 3 UE-to-NW relay solution, the Remote UE's data flow is served by the Relay UE's PDU Session. As the UE-to-Network relay path comprises of two legs (PC5 and Uu) as shown in figure 6.24.1-1 below, the end-to-end QoS can be met only when the QoS requirements are properly translated and satisfied over the two legs respectively.
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Figure 6.24.1-1: End-to-End QoS translation for Layer 3 UE-to-Network Relay solution
The UE-to-Network Relay needs to translate the Uu QoS information into the corresponding PC5 QoS parameters in order to achieve the proper end-to-end QoS. Since the Remote UE and the UE-to-Network Relay uses PC5 unicast communication mode, most of the flow level QoS parameters can be directly reused. The only parameter that requires assistance in the translation is the mapping of 5QIs and PQIs. It is therefore necessary that the UE-to-Network Relay to be configured/provisioned with the proper mapping information.According to the lastest SA2’s output 23.304, to ensure the end to end QoS of L3 relay, following information will be configured to relay UE:

	3)
For Layer 3 ProSe UE-to-Network Relay, QoS mapping(s):

-
Each QoS mapping entry includes:

-
a mapping between a 5QI value and a PQI value;

-
a PQI PDB adjustment factor, for the PC5 communication for the UE-to-Network Relay operation;

-
optional the Relay Service Code(s) associates with the QoS mapping entry.


We can see that except the 5QI and PQI mapping information, a PQI PDB adjustment factor will also be configured to relay UE. The PDB adjustment factor is used to solve the issue when we can not find a suitable PQI and 5QI mapping whose total PDB (i.e. PDB of PQI plus PDB of 5QI) exceeds the overall E2E PDB. For example, the QoS mapping may include a general adjustment factor of 5 for the PDBs. In that case, when PQI=24 is used, the PDB over PC5 will be adjusted to 30ms (1/5 of original PDB). 
Observation 4: a PQI PDB adjustment factor is configured to relay UE to adjust the PC5 part PDB in case that we can not find a suitable PQI and 5QI combination that the PDB of PQI plus PDB of 5QI exceed the overall E2E PDB.

As we all know, to obtain the PC5 part radio bearer configuration, UE will initiate a SUI message including QoS profile to gNB. However, the legacy QoS profile in SUI only include the standard PQI. If a PDB adjustment factor is configured to relay UE, the PDB of standard PQI will be changed. In this case, from our perspective, the changing of the PDB should be informed to gNB to obtain correct PC5 RB configuration. Without this information, gNB can not configure the suitable RB configuration to relay UE, which will cause corresponding PC5 part QoS can not be ensured.
Proposal 6: Relay UE should report the PDB adjustment factor to gNB to obtain the correct PC5 RB configuration.
Conclusion
In this contribution, we have following observations and agreements:

Observation 1: In R16 NR V2X, PC5 RLC bearer ID is allocated by UE self and gNB does not know the PC5 RLC bearer ID which is allocated by UE self.

Observation 2: Without discard timer of PDCP layer, relay UE does not know how long can the remote UE’s packet be kept for both downlink and uplink.

Observation 3: Both remote UE and relay UE does not know the the PC5 part PDB, which results in both remote UE and relay UE using mode2 does not know how to select the suitable resource.

Observation 4: A PQI PDB adjustment factor is configured to relay UE to adjust the PC5 part PDB in case that we can not find a suitable PQI and 5QI combination that the PDB of PQI plus PDB of 5QI exceed the overall E2E PDB.

Proposal 1: For uplink bearer mapping, it is suggested RAN2 to adopt PC5 RLC channel ID + remote UE ID to Uu RLC channel mapping configuration.

Proposal 2: For downlink bearer mapping, it is suggested that RAN2 adopt Uu RLC channel ID + Remote UE ID to PC5  RLC channel ID mapping configuration.
Proposal 3: It is suggested gNB set the PC5 RLC bearer ID for sidelink remote UE and relay UE, and sidelink remote UE and relay UE directly use the configured PC5 RLC bearer ID.

Proposal 4: RAN2 is suggested to consider the packet discard mechanism for the relaying of remote UE’s traffic at relay UE. 
Proposal 5: It is suggested that gNB split the PDB into PC5 part and Uu part, then configure the PC5 part PDB to remote UE and relay UE.
Proposal 6: Relay UE should report the PDB adjustment factor to gNB to obtain the correct PC5 RB configuration.
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