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Introduction
At the RAN#83 meeting, the work item on NR V2X was approved [1] with one of the objectives to enable congestion control and QoS management:
	· Congestion control [RAN1, RAN2]
· Specify support for QoS management [RAN2, RAN3, RAN1]


This contribution is a revision of our submission from the previous meeting, where we continue discussion on congestion control and QoS management for NR V2X sidelink communication based on RAN1 agreements made during the study item phase (provided in Annex A for convenience). Our views on other NR-V2X aspects are provided in companion contributions [2]-[8].
Congestion and QoS Control Considerations
Congestion Control Implementation Details
Channel Occupancy Ratio (CR) parameter
LTE V2X sidelink congestion control is considered as the starting point for NR sidelink congestion control definition. In LTE-V2X, channel occupancy ratio has been defined to characterize channel utilization ratio. This parameter, will be also needed for NR-V2X, although its definition may change. 


Define Channel Occupancy Ratio (CR) for NR-V2X congestion control as a metric that indicate channel utilization by TX UE during predefined time interval

The LTE V2X communication was optimized to support periodic traffic. For periodic traffic, future resource allocation may be predicted that was reflected in CR definition in LTE specification. According to TS 36.214, CR is evaluated over sub-channels allocated within a set of 1000 subframes (one second). This window may be allocated to cover potential transmissions in future subframes.
The aperiodic traffic targeted by NR V2X design on top of periodic one is not easy to predict and, hence, CR calculation window definition should also be modified for this traffic. In general, it is possible to measure average intensity of the traffic and still have a window allocated for potential future transmission. However, UE may have inaccurate guess/provisions and therefore it is better to position the window in the past. In this case, CR calculation window should not include resources allocated in future. The only future resources that can be accommodated in CR evaluation window for aperiodic traffic are resources selected for a current TB transmission:
Resource for initial transmission
Resources for initial transmission and all retransmissions or subset of retransmissions
Therefore in case of aperiodic traffic CR evaluation window may be allocated in future only for the period of time equal to remaining packet delay budget (PDB) or resource reselection time. If PDB or resource selection time is considered in CR evaluation window then TX UE can take into account near future transmissions including resources planned for initial transmission and retransmissions of a given TB. Using this approach, UE can ensure that at the end of PDB UE will not exceed CRLimit. The CR evaluation that takes into account planned transmissions can be utilized to select appropriate MCS, number of HARQ retransmission sub-channel size and thus avoid drop of a TB.


CR evaluation window for aperiodic traffic may be configured to include resources in the past and potential future resources within remaining packet delay budget or resource reselection time
For aperiodic traffic CR evaluation window is defined as a time interval [n-a, n+b]
 where 0 < b ≤ PDB or resource reselection time, n is the time instance (slot) of CR evaluation
CR evaluation can take into account resources selected for transmission of a given TB

CR metric for periodic and aperiodic traffic has different statistics. For periodic traffic, the measured channel occupancy is almost the same at any estimation time moment, while for aperiodic traffic the estimated CR value has large variation even for CR evaluation window of one second duration as it is shown in Figure 1. 
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[bookmark: _Ref16878079]Figure 1: Periodic and aperiodic traffic estimated CR parameter

In case of traffic mixture, the CR metric may be calculated in different ways:
Alternative 1. CR metric is evaluated for sum of periodic and aperiodic traffic 
· In this case, the CR metric should be compared with the single CRLimit value which indicates the upper bound of the proportion of utilized resources for both traffics. In case of mixed traffic types at the TX UE, the bursty aperiodic traffic transmission may activate congestion control for periodic traffic. 
Alternative 2. CR metric is separately evaluated for periodic and aperiodic traffics
· In this case, the separate CR metrics are evaluated for each traffic type, i.e. CRPeriodic and CRAperiodic . Different resource occupancy management strategies may be used for periodic and aperiodic traffics. For example, for aperiodic traffic, the drop of transmission opportunity could be used to control channel utilization, while for periodic traffic it could be decided to limit the number of allocated TTIs to preserve transport block transmissions and simultaneously achieve target limit.


Separately evaluate CR metric and CR limits for periodic and aperiodic traffic 

Another aspect that need to be considered is how often CR and CRlimits are evaluated. There are the following alternatives:
Alternative 1: CR and CBR are evaluated only before initial transmission of a TB and are not re-evaluated before (re)-transmission of the same TB.
Alternative 2: CR and CBR are evaluated every N-th subsequent transmission of a given TB including (re)-transmissions and starting from initial one, where N = 2,3,… 
One more aspect that needs to be discussed is the difference of CR and CBR evaluation for feedback and non-feedback based modes.


The following alternatives are supported for NR –V2X congestion control:
Alt.1 CR and CBR are evaluated only before initial transmission of a TB and are not re-evaluated before (re)-transmission of the same TB
Alt 2: CR and CBR are evaluated every N-th subsequent transmission of a given TB including (re)-transmissions and starting from initial one, where N = 2,3,…

CBR metric
Similarly to the LTE, the CBR metric should be evaluated by each node over resources in CBR measurement window. The problem of CBR measurement window definition incorporates the following aspects that should be considered in window size definition:
CBR quantization. The minimum CBR quanta is defined as ΔCBR=1/(NT*NF) where NT and NF is a number of time and frequency resources in CBR measurement window.
CBR variations. Small CBR measurement window increases deviation in CBR measurements observed by each UE and CBR oscillations around steady state. Large CBR measurement window may results in long adaptation time towards steady state.

Based on the discussions above, the specified in LTE 100ms CBR window could be a good starting point for CBR window definition.


Use 100 ms CBR window as a starting point for CBR window definition

Congestion Measurements 
According to the LTE congestion control procedure described in TS 36.213, UE shall ensure, that CR limits are satisfied before each sidelink transmission (i.e. even for retransmissions of a TB). It was left up to UE implementation how UE achieve specified CR limits to avoid drop of a TB transmission. For NR V2X communication, RAN1 need to discuss CR evaluation window and whether CR evaluation should be done for each sidelink transmission (including retransmissions) or only before initial transmission. This analysis should be separately done for feedback and non-feedback based modes.
In our view in case of blind retransmissions, the CR evaluation should be done only before initial transmission and taking into account amount of planed/expected retransmission. If CR evaluation is successful, UE proceeds with sidelink transmission including retransmissions (i.e. no dedicated CR evaluation is needed for retransmissions).
For feedback based modes, UE should evaluate CR either for each transmission or for every N-th transmission (i.e. per group of N transmissions). The reason to evaluate CR multiple times per HARQ process is to prevent situation when NACK signaling from RX UE leads to CRlimit violation by TX UE, since the amount of needed retransmission is not known in advance.


For non-feedback based communication
CR is evaluated by TX UE before initial transmission and taking into account planned/expected retransmissions
For feedback based modes
CR is evaluated by TX UE for each transmission or every Nth transmission of a TB

If CR evaluations conducted by UE during resource reselection window or PDB have not satisfied CR limits, then UE should drop a TB.

 
UE is allowed to drop a TB if during PDB or resource reselection window, CR evaluations conducted by UE have not satisfied CRLimit 

In our companion contribution on resource allocation, we introduced term scheduling window [4]. In our view, scheduling window duration may be a function of congestion control. For instance if medium is not congested the scheduling window duration may be reduced. Oppositely, in case of high medium congestion, scheduling windows duration may be increased.


CBR measurements are used to adapt scheduling window duration for PSCCH/PSSCH transmissions 


Additional Parameters of Congestion Control
Congestion control can also be used to switch on/off (enable /disable) the feedback from the receiver to transmitter. This functionality can be done semi-statically or dynamically. For instance if CBR level exceed preconfigured threshold then feedback is deactivated. If CBR measurement falls below predefined threshold then feedback can be activated again.
The following types of feedback may be in scope of congestion control, including:
PSFCH HARQ feedback
CSI(RI, CQI) report carried over PSSCH is dropped
RSRP measurement report carried over PSSCH is dropped


CBR measurements are compared with CBR threshold to enable/disable the request or report for the following functionality
PSFCH HARQ feedback
CSI(RI, CQI) report carried over PSSCH 
RSRP measurement report carried over PSSCH

QoS Control Considerations
The QoS control may have multiple meanings. In this contribution, by QoS control we assume internal to UE function (i.e. intra-UE function). The main purpose of this function is to ensure that incoming traffic is delivered respecting its QoS attributes. In case of system congestion, it can be viewed as a packet filtering problem based on QoS attributes, i.e. this function can decide which incoming data should be passed to low layers for further processing. The QoS control is typically not a L1 problem, unless some low layer mechanism such as for example preemption is defined and affects L1 procedures. For QoS control under resource constraints, the pre-defined rules need to be configured in order to guide packet filtering and scheduling. In general, these rules can be left to UE implementation, however for mission critical services like eV2X certain standardization is needed.
eV2X traffic is characterized by combination of QoS attributes including priority, latency, reliability, etc. In case of resource constraints, some common rules may need to be defined in order to schedule given packet. For instance, UE behavior in handling of the packets with different priority, latency or reliability, etc. needs to be discussed. In particular, it should be defined how to handle packet with low latency and low reliability with respect to packet with higher latency and higher reliability. One possible way to handle this is to define global logical transmission priority value that can be a function of packet priority, latency, reliability, V2X service ID, range, etc. Ideally, this function should be also dependent on radio-layer conditions/characteristics. However, it is clear that this function is multi-dimensional and too complex for analysis. The alternative approach is to assign certain priority value to each QoS attribute. For instance, the highest priority can be given to QoS priority attribute, then to QoS latency attribute and then reliability or communication range attribute. One way to formulate it, is to assign priority order for handling packets with different QoS attribute:
Priority ≥ Latency ≥ Reliability ≥ Range (if agreed)
Priority order of QoS attribute above indicates that UE should prioritize transmission with higher priority, then lower latency followed by higher reliability and finally range respectively. The specific rule for QoS attribute prioritization can be configured by network. On top of priority order UE may be preconfigured whether to first handle packets with high or low latency remaining PDB, high or low reliability, long or short communication range, etc. In addition, UE may take into account congestion control constraints or radio-conditions and if QoS attribute is not satisfied UE may report status to upper layers for QoS adaptation purposes. In case if it is realized that certain attribute cannot be met UE may start handling another one in priority order. 


Further discuss benefits of defining order for handling various NR V2X QoS attributes in QoS control logic or use predefined mapping function depending on packet priority, latency, reliability, V2X service ID, range to determine order for sidelink transmission

Conclusions
In this contribution, we have analyzed handling of QoS for NR Uu and PC5 links for eV2X services from physical layer perspective. Based on analysis, we have following proposals:
Proposal 1: 
Define Channel Occupancy Ratio (CR) for NR-V2X congestion control as a metric that indicate channel utilization by TX UE during predefined time interval
Proposal 2: 
CR evaluation window for aperiodic traffic may be configured to include resources in the past and potential future resources within remaining packet delay budget or resource reselection time
For aperiodic traffic CR evaluation window is defined as a time interval [n-a, n+b]
 where 0 < b ≤ PDB or resource reselection time, n is the time instance (slot) of CR evaluation
CR evaluation can take into account resources selected for transmission of a given TB
Proposal 3: 
Separately evaluate CR metric and CR limits for periodic and aperiodic traffic 
Proposal 4: 
The following alternatives are supported for NR –V2X congestion control:
Alt.1 CR and CBR are evaluated only before initial transmission of a TB and are not re-evaluated before (re)-transmission of the same TB
Alt 2: CR and CBR are evaluated every N-th subsequent transmission of a given TB including (re)-transmissions and starting from initial one, where N = 2,3,…
Proposal 5: 
Use 100 ms CBR window as a starting point for CBR window definition
Proposal 6: 
For non-feedback based communication
CR is evaluated by TX UE before initial transmission and taking into account planned/expected retransmissions
For feedback based modes
CR is evaluated by TX UE for each transmission or every Nth transmission of a TB
Proposal 7: 
UE is allowed to drop a TB if during PDB or resource reselection window, CR evaluations conducted by UE have not satisfied CRLimit 
Proposal 8: 
CBR measurements are used to adapt scheduling window duration for PSCCH/PSSCH transmissions 
Proposal 9: 
CBR measurements are compared with CBR threshold to enable/disable the request or report for the following functionality
PSFCH HARQ feedback
CSI(RI, CQI) report carried over PSSCH 
RSRP measurement report carried over PSSCH
Proposal 10: 
Further discuss benefits of defining order for handling various NR V2X QoS attributes in QoS control logic or use predefined mapping function depending on packet priority, latency, reliability, V2X service ID, range to determine order for sidelink transmission
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Annex A – List of RAN1 WG Agreements on NR V2X QoS
At the previous RAN1 WG meetings, the following agreements were made on QoS and congestion control for NR-V2X work:
	RAN1#94 Agreements
· From RAN1 perspective, at least the following QoS-related parameters relevant to physical layer studies are considered:
· Priority, Latency, Reliability

RAN1#94bis 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

RAN1#95 Agreements
· Selection of QoS model (QoS Flow or per-packet QoS) for the NR V2X sidelink is outside the scope of RAN1

RAN1 AdHoc – 1901 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.

RAN1#96 Agreements
· 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

RAN1#96bis Agreements
· Support at least NR CBR as congestion metric for NR sidelink congestion control
· LTE CBR is the baseline for defining NR CBR

RAN1#97 Agreements
· LTE V2X sidelink congestion control is the starting point for defining NR sidelink congestion control.
· Higher-layer reporting of CBR to the gNB is supported for RRC_CONNECTED UEs.

RAN1#98 Agreements
· For PSCCH/PSSCH multiplexing option 3, one CBR measurement over a resource pool is defined. 
· PSFCH resources, if (pre)configured, are excluded from this CBR measurement.

RAN1#98Bis Agreements
· Define NR sidelink Channel Occupancy Ratio (CR) measurement.
· LTE CR is the baselines

· Congestion control can restrict the values of at least the following PSSCH/PSCCH TX parameters per resource pool:
· Range of MCS for a given MCS table supported within the resource pool
· Range of number of sub-channels
· Upper bound of number of (re)transmissions – already agreed in mode 2 AI
· Upper bound of TX power (including zero TX power)
· Congestion control can set an upper bound on channel occupancy ratio (CR), CRlimit.
· Ranges/bounds of the transmission parameters and CRlimit are functions of QoS and CBR.
· In addition to congestion control (in use or not in use), the above parameters can be restricted by reusing the same mechanism as in LTE
· For speed, further discussion on absolute vs. relative speed
· FFS other parameter(s) that can be restricted 
· FFS whether or not to tie the speed with a UE capability

· Lookup table links CBR range with values of the transmission parameters and CRlimit for each value of the indication of a priority of a sidelink transmission carried by SCI payload (as per WA from RAN1#98), Lookup table is (pre)configured. Details up to RAN2. 
· Up to 16 (as a working assumption) CBR ranges are supported
· The working assumption will be automatically confirmed in RAN1#99 if no further input

· For the priority indication in 1st stage SCI: 
· Up to RAN2 on how to define the mapping between the priority indication and the corresponding QoS
· Size is 3 bits (as a working assumption)

· Sidelink RSSI (SL-RSSI) measurement is used for CBR estimation

· A sidelink resource is busy for the purpose of CBR measurement if Sidelink RSSI measured by the UE in that resource exceeds a (pre-)configured threshold.
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