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Introduction
[bookmark: _Ref129681832]One objective of the V2X WI is to specify congestion control for NR to support advanced V2X services [1] . Agreements, etc. to date include:
	Agreements:
From RAN1 perspective, at least the following QoS-related parameters relevant to physical layer studies are considered: 
· Priority 
· Latency
· Reliability

Agreements:
RAN1 studies further how to use 
· priority, 
· latency,
· reliability,
· minimum required communication range (as defined by higher layers) if agreed to use
in the physical layer aspects of at least 
· resource allocation and 
· congestion control and 
· resolution of in-device coexistence issues and 
· power control

Conclusion: 
Selection of QoS model (QoS Flow or per-packet QoS) for the NR V2X sidelink is outside the scope of RAN1

Agreements:
· Introduce at least one congestion metric for NR sidelink
· FFS details – to be done in WI phase (if included)
· Congestion control is supported at least for sidelink mode 2
· Note: details of congestion control can be covered in the work item phase, not in this SI.

Conclusion:
· It is deemed beneficial to report Sidelink Congestion Metrics(s) to a gNB
· Consequently, it is recommended to specify the corresponding details in the WI phase

Agreements:
· Support at least NR CBR as congestion metric for NR sidelink congestion control. 
· LTE CBR is the baseline for defining NR CBR.
Agreements:
· LTE V2X sidelink congestion control is the starting point for defining NR sidelink congestion control.

Agreements:
· Higher-layer reporting of CBR to the gNB is supported for RRC_CONNECTED UEs.




In this contribution, we discuss some issues about NR sidelink congestion control and QoS-related parameters.
Discussion
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]NR sidelink congestion control
NR sidelink CBR
LTE sidelink congestion metrics include channel busy ratio (CBR) and channel occupancy ratio (CR). The definition of CBR and CR are described in 36.214 [8]. For PSSCH, CBR measured in subframe n is defined as the portion of sub-channels whose S-RSSI measurements exceed a (pre)configured threshold observed during subframes [n-100, n-1]. In LTE sidelink, PSCCH and PSSCH are FDM multiplexed and have separate resource pools. 
Based on LTE sidelink, CBR measurement for PSSCH is necessary in NR sidelink. Whether CBR measurement for PSCCH can be done separately from PSSCH should be further studied. As agreed in RAN1#94bis [2], at least option 3 multiplexing for PSCCH and associated PSSCH is supported. CBR measurement for PSSCH can be done for the whole slot, and a separate CBR measurement for PSCCH is not needed since no dedicated PSCCH resources are configured. Unlike LTE sidelink, NR sidelink supports physical-layer groupcast and unicast in addition to broadcast, and HARQ is supported for both groupcast and unicast. For PSFCH, at least TDM multiplexing for PSSCH and PSFCH is supported. In a resource pool, PSFCH resources can be (pre)configured periodically with a period of N slots, thus CBR measurement for PSSCH should be performed by excluding the PSFCH resources.
[bookmark: OLE_LINK51]Proposal 1: A single PSCCH/PSSCH CBR measurement is defined on the resources occupied by PSCCH and PSSCH, and excluding PSFCH, for multiplexing option 3.
· FFS how to define CBR if other PSCCH/PSSCH multiplexing options are supported.
NR sidelink CR
For LTE sidelink, channel occupancy ratio (CR) evaluated at subframe n is defined as the total number of sub-channels used for the UE’s transmission in subframes [n-a, n-1] and granted in subframes [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b] (a>0, b>=0). The UE obtains the corresponding channel occupancy ratio limit value (CR_limit) based on CBR measurements and adapts its TX parameters to meet CR_limit. For the same purpose, CR in NR sidelink congestion metric should be supported. For the periodic traffic, the definition of CR in LTE sidelink can be reused since LTE sidelink only has periodic traffic. For the aperiodic traffic, it is difficult to use past samples to predict the probability of occurrence for dynamic scheduling traffic. In this case, reusing the definition of CR in LTE sidelink may cause imprecise measurement when b is not equal to zero. Thus, for aperiodic traffic and mixed periodic and aperiodic traffics, how to calculate the CR should to be further studied.
Proposal 2: CR based congestion control is supported.
· FFS how to calculate the CR for aperiodic traffic, and mixed periodic and aperiodic traffic.

Congestion level report
In LTE V2X, both eNB-assisted and UE-autonomous congestion control are supported. UE does CBR measurement and reports to the eNB to assist the eNB scheduling. As agreed in last meeting[7], it is supported to report  CBR to the gNB. With the congestion level report, gNB can adjust resource pool related parameters such as set of slots and symbols that belong to PSSCH resources.

QoS-related parameters
In LTE sidelink, broadcast mode supports per-packet QoS model based on ProSe Per-Packet Priority (PPPP) and ProSe Per-Packet Reliability (PPPR). PPPP is used to assist a number of QoS-related physical layer issues such as resource reservation and packet conflict. For NR sidelink, similar physical layer issues should be resolved.NR sidelink has unicast and groupcast traffic which support HARQ feedback. As we discussed above, PSFCH resources can be (pre)configured periodically with a period of N slot(s), where N can be 1, 2 or 4. Then PSFCH conflict may occur. To solve the above issues, using QoS requirement of PSSCH to determine PSSCH/ PSFCH transmission priority may be an effective solution. Then information about QoS requirement of PSSCH is needed. The QoS requirement of PSSCH in physical layer can be configured either explicitly or implicitly. For example, a physical layer signaling conveyed in PSCCH or RS related to the corresponding PSSCH. 
[bookmark: OLE_LINK1]Proposal 3: The QoS parameters should be indicated by L1 signaling.

For LTE sidelink, PPPP field in SCI has 3 bits, and represents 8 priority levels. For NR sidelink, the priority level of QoS characteristics has the same format and meaning as the PPPP as described in 23.287 [5]. For NR based PC5, SA2 has defined a Per-flow QoS model similar to Uu. According to the Table 5.4.4-1 of standardized PQI to QoS characteristics mapping [5], there are 10 PQI values, 5 priority levels, 7 latency values and 4 reliability values. If the priority level represents the QoS characteristics in physical layer, the equivalent of 3 bits, i.e. 8 states appears to be enough. If the PQI value represents the QoS characteristics, 10 states appears to be enough. Whether physical layer needs to reflect all three parameters including priority latency and reliability should be further studied. If three parameters are indicated in physical layer, then there are 16 states totally. Which means that 4 bits at most is needed to represent QoS parameters. However, it is possible to have one or more of the same QoS parameters. For example, in Table 5.4.4-1, PQI value 56 and 59, corresponding priority values and reliability values are same and latency values are different, latency requirement of PQI value 56 is more urgent. Whether PQI value 56 has higher priority than PQI value 59 and how to handle this should be further discussed.
Observation 1: From SA2 specification, a limited number of QoS parameters are used to indicate QoS requirement of the packet in NR V2X.
Observation 2: From SA2 specification, every PQI value corresponds to a group of QoS parameters.
[bookmark: _GoBack]As for the mapping rules of QoS requirement from higher layer to physical layer, there are respectively 8 values associated with a packet that defines priority handling and reliability handling for LTE sidelink [6]. A related mapping relationship has been defined for LTE sidelink. Before RAN1 can design details of indicating this  in the physical layer, input is needed from SA2 and RAN2 on the QoS requirement mapping from higher layer to physical layer. 
Proposal 4: RAN1 assumes that RAN2 will explain the QoS requirement mapping from higher layers to physical layer.

Table 5.4.4-1: Standardized PQI to QoS characteristics mapping
	PQI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
	Default
Averaging Window
	Example Services

	1

	
GBR
	3
	20 ms

	10-4
	N/A
	2000 ms
	Platooning between UEs – Higher degree of automation; 
Platooning between UE and RSU – Higher degree of automation

	2

	(NOTE 1)
	4
	50 ms
	10-2
	N/A
	2000 ms
	Sensor sharing – higher degree of automation 

	3
	
	3
	100 ms
	10-4
	N/A
	2000 ms
	Information sharing for automated driving – between UEs or UE and RSU - higher degree of automation

	55
	Non-GBR
	3
	10 ms 
	10-4
	N/A
	N/A
	Cooperative lane change – higher degree of automation

	56
	
	6
	20 ms
	10-1
	N/A
	N/A
	Platooning informative exchange – low degree of automation;
Platooning – information sharing with RSU 

	57
	
	5
	25 ms 
	10-1
	N/A
	N/A
	Cooperative lane change – lower degree of automation 

	58
	
	4
	100 ms
	10-2
	N/A
	N/A
	Sensor information sharing – lower degree of automation

	59
	
	6
	500 ms
	10-1
	N/A
	N/A
	Platooning – reporting to an RSU

	82
	Delay Critical GBR
	3 
	10 ms

	10-4
	2000 bytes
	2000 ms
	Cooperative collision avoidance;
Sensor sharing – Higher degree of automation;
Video sharing – higher degree of automation

	83
	(NOTE 1)
	2
	3 ms
	10-5
	2000 byte
	2000 ms
	Emergency trajectory alignment;
Sensor sharing – Higher degree of automation

	NOTE 1:	GBR and Delay Critical GBR PQIs can only be used for unicast PC5 communications. 
Editor's Note: It is FFS if GBR and Delay Critical GBR can also be used for broadcast and groupcast. 


· NOTE 1:	For Standardized PQI to QoS characteristics mapping, the table will be extended/updated to support service requirements for other identified V2X services.
· NOTE 2:	The PQIs may be used for other services than V2X. 
· NOTE 3:	A PQI may be used together with an application indicated priority, which overrides the Default Priority Level of the PQI.
[bookmark: OLE_LINK13]

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss NR sidelink congestion control and QoS-related parameters. Based on above discussions, following proposals are given. 
Proposal 1: A single PSCCH/PSSCH CBR measurement is defined on the resources occupied by PSCCH and PSSCH, and excluding PSFCH, for multiplexing option 3.
· FFS how to define CBR if other PSCCH/PSSCH multiplexing options are supported.
Proposal 2: CR based congestion control is supported.
· FFS how to calculate the CR for aperiodic traffic, and mixed periodic and aperiodic traffic.
Proposal 3: The QoS parameters should be indicated by L1 signaling.
Proposal 4: RAN1 assumes that RAN2 will explain the QoS requirement mapping from higher layers to physical layer.
Observation 1: From SA2 specification, a limited number of QoS parameters are used to indicate QoS requirement of the packet in NR V2X.
Observation 2: From SA2 specification, every PQI value corresponds to a group of QoS parameters.
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