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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the WID [1], one of the objectives is:
	3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:


According to the description in [2], no AS impact has been identified for QoS solutions (solution#24 and solution #25 in TR23.257) of L3 sidelink relay. Hence, in this contribution, we mainly focus on the QoS management of L2 sidelink relay. The following issues will be discussed:
· Issue 1: How to configure the QoS parameters to ensure the end-to-end QoS?
· Issue 2: Whether PC5 RLC channels with different end-to-end QoS can be mapped to the same Uu RLC channel?
· Issue 3: Which resource allocation mode should be supported for remote UE?
Discussion
QoS parameters configuration procedure
Regarding to the end-to-end QoS management for L2 sidelink relay, the following were captured in [1]:
	[bookmark: _Toc67867755]4.5.2	QoS
[bookmark: _Hlk59519041]gNB implementation can handle the QoS breakdown over Uu and PC5 for the end-to-end QoS enforcement of a particular session established between Remote UE and network in case of L2 UE-to-Network Relay.  Details of handling in case PC5 RLC channels with different end-to-end QoS are mapped to the same Uu RLC channel can be discussed in WI phase.


As in RAN2#113bis meeting, it was agreed that agreements from the SI phase are valid unless a decision is taken to revert them and RAN2 do not need to re-confirm each point individually. Hence, in the following, we will further analyze the following open issues based on the pre-condition that gNB implementation can handle the QoS breakdown over Uu and PC5 for the end-to-end QoS:
· Issue a: Which QoS parameter(s) handling should be enhanced? And what is the enhancement?
· Issue b: Whether non-standardized QoS parameters will be used when gNB performing PDB/PER split?
The above issues will be analyzed one by one in the following:
Issue a:
According to [3] and [4], all the Uu/PC5 QoS parameters are summarized in the following table:
Table-1  Uu/PC5 QoS parameters
	
	Uu QoS parameters
	PC5 QoS parameters

	QoS characteristics
(5QI or PQI)
	Resource type
 (GBR, delay critical GBR, non-GBR)
	Resource type 
(GBR, delay critical GBR, non-GBR)

	
	Priority level
	Priority level

	
	PDB
	PDB

	
	PER
	PER

	
	Averaging window (GBR only)
	Averaging window (GBR only)

	
	MDBV (GBR only)
	MDBV

	ARP
	Priority level
	N/A

	
	Pre-emption capability
	

	
	pre-emption vulnerability
	

	Reflective QoS Attribute
	RQA
	N/A

	Notification control
	Notification control
	N/A

	Flow bit rate 
	GFBR (GBR only)
	GFBR (GBR only)

	
	MFBR (GBR only)
	MFBR (GBR only)

	Aggregate Bit Rates
	Session-AMBR (non-GBR only)
	PC5 LINK-AMBR (non-GBR only)

	
	UE-AMBR (non-GBR only)
	

	
	UE-Slice-MBR (GBR and non-GBR)
	

	Range
	
	maximum range value (groupcast only)


In the following, the above QoS parameters will be analyzed one by one in order to judge which QoS parameter(s) handling should be enhanced:
· Resource type
According to [3], resource type determines if dedicated network resources related to a QoS Flow-level Guaranteed Flow Bit Rate (GFBR) value are permanently allocated (e.g. by an admission control function in a radio base station).
In our understanding, once the resource type is determined for the end-to-end bearer, the same resource type should be used in either Uu or PC5. Hence, no additional specification effort is needed.
· Priority level in 5QI/PQI
Regarding to Uu interface, according to [3], currently 22 priority levels are defined within the standardized 5QI, which including 20, 40, 30, 50, 7, 15, 56, 10, 60, 70, 80, 90, 5, 55, 65, 68, 19, 22, 24, 21, 18 and 25. And according to [5], maximum 16 priority level will be used in Uu logical channel configuration in AS layer.
Regarding to PC5 interface, according to [4], currently 5 priority levels are defined within the standardized 5QI, which including 2, 3, 4, 5 and 6. And according to [5], maximum 8 priority level will be used in PC5 logical channel configuration in AS layer.
Based on the above analysis, it is obvious that the number of priority level of Uu is twice as many as the number of priority level of PC5. It is obvious the priority level mapping between Uu RLC backhaul channel/end-to-end bearer and PC5 RLC channel can be N:1. But considering the mapping between Uu RLC backhaul channel/end-to-end bearer and PC5 RLC channel is configured by gNB, hence, the priority handling can be totally left to gNB implementation. Hence, no additional specification effort is needed.
· PDB
According to [3], the Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the N6 termination point at the UPF. 
With the introduction of sidelink relay, the link is splitted into Uu backhaul and PC5, hence, it is obvious the PDB should be splitted between Uu and PC5. The detailed splitted depends on gNB implementation. For the Uu backhaul PDB, considering both uplink and downlink are scheduled by gNB, hence no specification effort is needed to meet the splitted Uu backhaul PDB requirement. But for the PC5 PDB, if resource allocation mode 2 is used, the scheduling is performed by relay UE (downlink) or the remote UE (uplink) itself. Hence, specification effort is needed, that is:
· If resource allocation mode 2 is used in PC5 link from relay UE to remote UE, the gNB should inform the PC5 PDB for each downlink PC5 RLC channel to relay UE；and/or
· If resource allocation mode 2 is used in PC5 link from remote UE to relay UE, the gNB should inform the PC5 PDB for each uplink PC5 RLC channel to the remote UE.
· PER
According to [3], the Packet Error Rate (PER) defines an upper bound for the rate of PDUs (e.g. IP packets) that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access).
With the introduction of sidelink relay, the link is splitted into Uu backhaul and PC5, hence, if the end-to-end PER is used in both Uu backhaul and PC5, the total PER will be larger than the target PER. Hence, in order to meet the end-to-end PER requirement, the target PER of at least one of the Uu backhaul or PC5 should be lower than the end-to-end PER.  Considering both uplink and downlink are scheduled by gNB, hence no specification effort is needed to meet the target PER of Uu backhaul. But for the PC5 PER, if resource allocation mode 2 is used, the scheduling is performed by relay UE (downlink) or the remote UE (uplink) itself. Hence, specification effort is needed, that is:
· If resource allocation mode 2 is used in PC5 link from relay UE to remote UE, the gNB should inform the PC5 PER for each downlink PC5 RLC channel to relay UE；and/or
· If resource allocation mode 2 is used in PC5 link from remote UE to relay UE, the gNB should inform the PC5 PER for each uplink PC5 RLC channel to the remote UE.
· Averaging window 
According to [3], each GBR QoS Flow shall be associated with an Averaging window. The Averaging window represents the duration over which the GFBR and MFBR shall be calculated (e.g. in the (R)AN, UPF, UE). 
In RAN, only GFBR is implemented by PBR bucket. The PBR is configured in RLC channel configuration. Hence, no additional specification effort is needed.
· MDBV
According to [3], MDBV denotes the largest amount of data that the 5G-AN is required to serve within a period of 5G-AN PDB. 
Currently, RAN has not specified any enhancement for MDBV. Hence, no additional specification effort is needed.
· APR
According to [3], the QoS parameter ARP contains information about the priority level, the pre-emption capability and the pre-emption vulnerability. This allows deciding whether a QoS Flow establishment/modification/handover may be accepted or needs to be rejected in the case of resource limitations (typically used for admission control of GBR traffic). It may also be used to decide which existing QoS Flow to pre-empt during resource limitations, i.e. which QoS Flow to release to free up resources. 
Obviously, in Uu interface, the APR is only corresponding to admission control and resource pre-emption. Hence, no additional specification effort is needed.
· RQA
According to [3], the Reflective QoS Attribute (RQA) is an optional parameter which indicates that certain traffic (not necessarily all) carried on this QoS Flow is subject to Reflective QoS. 
It only impacts SDAP. Considering SDAP is end-to-end, hence, no additional specification effort is needed.
· Notification control
According to [3], the QoS Parameter Notification control indicates whether notifications are requested from the NG-RAN when the "GFBR can no longer (or can again) be guaranteed" for a QoS Flow during the lifetime of the QoS Flow. Hence, no additional specification effort is needed.
· GFBR & MBFR
According to [3], the GFBR denotes the bit rate that is guaranteed to be provided by the network to the QoS Flow over the Averaging Time Window. The MFBR limits the bit rate to the highest bit rate that is expected by the QoS Flow (e.g. excess traffic may get discarded or delayed by a rate shaping or policing function at the UE, RAN, UPF). 
According to the current MAC spec, only GFBR is considered in RAN and it is ensured by the PBR during LCP. With the introduction of sidelink relay, there are two RAN link: Uu backhaul link and PC5 link. The same GFBR parameter can be applied for each link, and it can be ensured through PRB bucket mechanism which can be configured by gNB. Hence, no additional specification effort is needed.
· AMBR
Regarding to the AMBR, in Uu interface, there are three kinds of AMBRs:
· Session AMBR: the Session-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GBR QoS Flows for a specific PDU Session. The Session-AMBR is signalled to the appropriate UPF entity/ies to the UE and to the (R)AN (to enable the calculation of the UE-AMBR).
· UE-AMBR: the UE-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GBR QoS Flows of a UE. Each (R)AN shall set its UE-AMBR to the sum of the Session-AMBR of all PDU Sessions with active user plane to this (R)AN up to the value of the UE-AMBR received from AMF. 
·  UE-Slice-MBR: the UE-Slice-MBR limits the aggregate bit rate that can be expected to be provided across all GBR and Non-GBR QoS Flows corresponding to PDU Sessions of the UE for the same slice (S-NSSAI) which have an active user plane.
Considering sidelink relay does not support slice till now, hence only UE-AMBR should be considered in RAN for the end-to-end bearer. The same UE-AMBR parameter can be applied for the Uu backhaul link and PC5 link. For the downlink, when the network performs the scheduling on Uu backhaul link, it can controls the DL UE-AMBR. But for the uplink, if mode 2 resource allocation is used, the network should notify the PC5 LINK-AMBR to the remote UE. Hence, specification effort is needed, that is if mode 2 resource allocation mode is used in the sidelink from remote UE to relay UE, the gNB should inform the uplink PC5 LINK-AMBR to remote UE.
· Range
Range is only used for sidelink groupcast. It is not applied for U2N sidelink relay which only support unicast transmission. Hence, no additional specification effort is needed.
Based on the above analysis on each QoS parameter, it is proposed:
[bookmark: _Ref76732434]Proposal 1: In order to meet the end-to-end PDB requirement, the following enhancement should be considered:
· If resource allocation mode 2 is used in PC5 link from relay UE to remote UE, the gNB should inform the PC5 PDB for each downlink PC5 RLC channel to relay UE；and/or
· If resource allocation mode 2 is used in PC5 link from remote UE to relay UE, the gNB should inform the PC5 PDB for each uplink PC5 RLC channel to the remote UE.
[bookmark: _Ref76732437]Proposal 2: In order to meet the end-to-end PER requirement, the following enhancement should be considered:
· If resource allocation mode 2 is used in PC5 link from relay UE to remote UE, the gNB should inform the PC5 PER for each downlink PC5 RLC channel to relay UE；and/or
· If resource allocation mode 2 is used in PC5 link from remote UE to relay UE, the gNB should inform the PC5 PER for each uplink PC5 RLC channel to the remote UE.
[bookmark: _Ref76732441]Proposal 3: In order to meet the end-to-end UE-AMBR, if resource allocation mode 2 is used in the sidelink from remote UE to relay UE, the gNB should inform the uplink PC5 LINK-AMBR to remote UE.
Issue b:
The analysis on PDB and PER is similar. Hence here take PDB as an example. Based on the analysis in issue a, if end-to-end PDB is splitted between Uu and PC5, it is obvious that the current standardized 5QI or PQI may be not suitable. Hence, non-standardized 5QI or PQI should be introduced.
For example, assuming the following 5QI is used for the end-to-end radio bearer：
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	1

	GBR
	20
	100 ms

	10-2
	N/A
	2000 ms
	Conversational Voice



If gNB determines the end-to-end PDB (100ms) should be splitted between Uu and PC5, Uu uses 60ms and PC5 uses 40ms. For Uu backhaul link, it should use non-standardized 5QI which with priority level equals to 20 and PDB equals to 60ms. Similarly, non-standarized PDB should also be used in PC5.
[bookmark: _Ref76732444]Proposal 4: When gNB performing PDB/PER split between Uu and PC5, non-standardized PDB/PER parameters can be used.
PC5/Uu RLC channel mapping
According to the description in [2], regarding to the QoS, one issue left to WI discussion is that whether PC5 RLC channels with different end-to-end QoS can be mapped to the same Uu RLC channel. 
Regarding to this issue, in the RAN2#112 meeting, one company concerned if this is supported, the end-to-end QoS may not be guaranteed. But in our understanding, how to perform the mapping between PC5 RLC channels to Uu RLC channels totally depends on gNB configuration. Smart gNB implementation can solve this issue by proper configuration of the mapping.
[bookmark: _Ref76732447]Proposal 5: Whether PC5 RLC channels with different end-to-end QoS can be mapped to the same Uu RLC channel can be left to gNB implementation.
Resource allocation mode 
Whether the QoS can be met tightly depends on the resource allocation mechanism. Hence, in this contribution, we mainly discuss which resource allocation mode can be used for relay and remote UE.
In Rel-16 V2X, two sidelink resource allocation modes were supported [6]:
	Two sidelink resource allocation modes are supported: mode 1 and mode 2. In mode 1, the sidelink resource allocation is provided by the network. In mode 2, UE decides the SL transmission resources in the resource pool(s).


In Rel-17 sidelink relay scenario, whether both mode 1 and mode 2 can be supported for relay and remote UE should be further discussed.
For relay UE, it directly connects to the network, it is obvious that both mode 1 and mode 2 can be supported, and which resource allocation mode is used for the sidelink between relay and remote UE depends on gNB configuration.
For remote UE, it is different from relay UE which connects to network directly. Hence, whether both mode 1 and mode 2 can be supported for remote UE should be further discussed. For mode 2 resource allocation, the remote UE can acquire the Tx resource pool through SIB12, and acquire the mode 2 dedicated configuration from SL-ConfigDedicatedNR which can be contained in the end-to-end RRC reconfiguration message. Hence, it is obvious that for remote UE, mode 2 resource allocation can be supported. The only concern is that whether mode 1 resource allocation can be supported for remote UE. If mode 1 resource allocation mode is used for remote UE, the following issues should be solved:
· Issue a: How does the remote UE request the sidelink Tx resource from network?
· Issue b: How does the remote UE receive the sidelink Tx resource allocation from network?
[bookmark: _GoBack]For issue a, in legacy Rel-16, the remote UE requests the sidelink resource through SR and sidelink BSR procedures. But for remote UE connected with relay UE, since the physical layer is hop by hop, it cannot send SR to network directly. Hence, if it is configured with resource allocation mode 1, it should send indication to the relay UE to let relay UE help it to send SR.
Once the network receives SR from relay UE, it will allocate resource in Uu. In this case, the relay UE should send the sidelink BSR of remote UE to network. The sidelink BSR of remote UE should be sent to relay UE in advance. In addition, new solution should be introduced to identify the sidelink BSR of relay UE itself and from remote UE.
Observation 1: If resource allocation mode 1 can be used for remote UE, when SR is triggered, the remote UE should send indication to relay UE to request the relay to help it to request sidelink resource. 
Observation 2: If resource allocation mode 1can be used for remote UE, the remote UE should send sidelink BSR to relay UE in advance, and new solution should be introduced to identify the sidelink BSR of relay UE and remote UE.
For issue b, when the network allocates sidelink resource, the relay UE should need mechanism to identify whether the sidelink resource is allocated to the remote UE or allocate to itself. If the sidelink resource is allocated to remote UE, it should forward the resource allocation to remote UE through PC5 interface. New SCI for forwarding the resource to remote UE may be needed.
Observation 3: If resource allocation mode 1 can be used for remote UE, the relay should be able to identify whether the sidelink resource is allocated to relay UE or remote UE.  And if the resource is allocated to remote UE, it should forward it to remote UE through new SCI.
Based on the above analysis, it is obvious that much specification efforts should be introduced to support mode 1 resource mode for remote UE, and it will bring long latency for acquiring sidelink resource, which may not suitable for the time-sensitive services. Considering the specification efforts and long latency, it is suggested to only support mode 2 resource allocation for remote UE connected to relay UE.
[bookmark: _Ref77781590]Proposal 6: In this Release, for U2N relay, remote UE can only be configured to use resource allocation mode 2 if relay connection has been setup.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: In order to meet the end-to-end PDB requirement, the following enhancement should be considered:
· If resource allocation mode 2 is used in PC5 link from relay UE to remote UE, the gNB should inform the PC5 PDB for each downlink PC5 RLC channel to relay UE；and/or
· If resource allocation mode 2 is used in PC5 link from remote UE to relay UE, the gNB should inform the PC5 PDB for each uplink PC5 RLC channel to the remote UE.
Proposal 2: In order to meet the end-to-end PER requirement, the following enhancement should be considered:
· If resource allocation mode 2 is used in PC5 link from relay UE to remote UE, the gNB should inform the PC5 PER for each downlink PC5 RLC channel to relay UE；and/or
· If resource allocation mode 2 is used in PC5 link from remote UE to relay UE, the gNB should inform the PC5 PER for each uplink PC5 RLC channel to the remote UE.
Proposal 3: In order to meet the end-to-end UE-AMBR, if resource allocation mode 2 is used in the sidelink from remote UE to relay UE, the gNB should inform the uplink PC5 LINK-AMBR to remote UE.
Proposal 4: When gNB performing PDB/PER split between Uu and PC5, non-standardized PDB/PER parameters can be used.
Proposal 5: Whether PC5 RLC channels with different end-to-end QoS can be mapped to the same Uu RLC channel can be left to gNB implementation.
Observation 1: If resource allocation mode 1 can be used for remote UE, when SR is triggered, the remote UE should send indication to relay UE to request the relay to help it to request sidelink resource. 
Observation 2: If resource allocation mode 1can be used for remote UE, the remote UE should send sidelink BSR to relay UE in advance, and new solution should be introduced to identify the sidelink BSR of relay UE and remote UE.
Observation 3: If resource allocation mode 1 can be used for remote UE, the relay should be able to identify whether the sidelink resource is allocated to relay UE or remote UE.  And if the resource is allocated to remote UE, it should forward it to remote UE through new SCI.
Proposal 6: In this Release, for U2N relay, remote UE can only be configured to use resource allocation mode 2 if relay connection has been setup.
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