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


This contribution is a part of Rel.16 maintenance work, where we continue discussion on remaining open aspects of congestion control and QoS as well as provide our recommendations to resolve them. Our views on other technical opens of NR V2X design are summarized in our companion contributions [2]-[6].
2 Remaining Opens on NR V2X Congestion Control and QoS
CR and CBR Evaluation Timing
In LTE-V2X, CR and CBR metrics were evaluated before each sidelink transmission, i.e. initial transmission and retransmission of a TB. UE may drop sidelink transmission to satisfy CR threshold. For LTE V2X design, it was a reasonable approach considering maximum of two blind transmissions per TB and small packet sizes. For NR V2X, feedback and blind sidelink transmission modes, configurable number of retransmissions depending on QoS (up to 32), packet segmentation, strict latency and reliability requirements are more typical assumptions. In case of multiple (re)-transmissions the following alternatives can be considered for CR and CBR evaluations in case of feedback-based and blind retransmissions:
Alt.1: CR and CBR are evaluated once per TB before initial transmission
· This behaviour may lead to a drop of the whole TB in case of congestion but number of intended (re)-transmission will be preserved
Alt.2: CR and CBR are evaluated for each (re)-transmission of a TB, i.e. before each TB transmission
· This behaviour may lead to reduced number of (re)-transmission with respect to intended number of (re)-transmissions planned by UE and thus not guarantee QoS. Drop of TB (re)-transmission may negatively affect sensing performance 
Alt.3: CR and CBR are evaluated for every N-th (re)-transmission of a TB
· This option can balance pros and cons of the above described alternatives. If we assume that number N is configurable NR-V2X may support any of described scenarios 
Considering that NR-V2X may need to support strict QoS targets in terms of reliability which are expected to be ensured by mechanism of (re)-transmissions, it make sense to introduce configurable settings for CR and CBR evaluation as a function of QoS. In particular, the number of consecutive TB (re)-transmissions before the next CR and CBR evaluation can be configurable per CBR and priority level.



Proposal 1: 
The number of consecutive TB (re)-transmissions before the next CR and CBR evaluation can be configurable per CBR and priority level and HARQ type

CR Evaluation Window
As an outcome of the RAN1 e-mail discussion [99-NR-12], the following agreement was made by RAN1 WG with respect to future window of the CR in congestion control:
	· The future segment of the CR evaluation window reuses the same behaviour as in the LTE V2X sidelink. 
· FFS whether additional constraints on UE’s choice of values for a and b are needed


This aspect relates to the UE behavior for setting CR evaluation window. According to the latest version of [38.215] the following definition of CR is captured:
		Definition
	Sidelink Channel Occupancy Ratio (SL CR) evaluated at slot n is defined as the total number of sub-channels used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b].

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


NOTE 1:	a is a positive integer and b is TBD; a and b are determined by UE implementation with a+b+1 = 1000 or 1000·2µ slots, according to higher layer parameter timeWindowSize-CR, a >= TBD, and n+b should not exceed the last transmission opportunity of the grant for the current transmission.
NOTE 2:	SL CR is evaluated for [each (re)transmission].
NOTE 3:	In evaluating SL CR, the UE shall assume the transmission parameter used at slot n is reused according to the existing grant(s) in slot [n+1, n+b] without packet dropping.
[NOTE 4:	The slot index is based on physical slot index.]
NOTE 5:	SL CR can be computed per priority level



Aspect #1: Whether CR evaluation window can be updated for each TB transmission (i.e. whether UE can update ‘a’ and ‘b’ for each TB transmission)?
Given that parameters ‘a’ and ‘b’ are determined by UE implementation, the following issues may exist. Let’s consider example when UE1 has set the value of ‘b’ equal to 499 (b = 499), UE2 has set the value of ‘b’ equal to 0 (b = 0) and UE3 has set the value of ‘b’ equal to 749 (b = 749).




Figure 1: On dynamic update of CR evaluation window

Observation:
UE may dynamically change position of CR evaluation window for transmission of each TB and get different CR estimates depending on CR window position. 
UE may dynamically change allocation of CR evaluation window for transmission of each TB in order to get lower CR estimate (i.e. increase chance to access channel). It is unfair from system perspective, if UEs have different behaviour in control of CR evaluation window position.

Aspect #2: Future resources used for CR evaluation
The main motivation to allocate CR evaluation window in future segment is to consider semi-persistent transmissions, i.e. plan resources for future transmission. However, it is questionable whether semi-persistent transmissions should be enabled in congested scenarios since those may lead to increased probability of semi-persistent collisions.
In general, CR estimate may include:
A: Amount of resources reserved for future transmissions within CR evaluation window
B: Amount of resources needed to accommodate all (or part) of intended (re)-transmissions of a TB
C: Amount of resources indicated by SCI for (re)-transmission of a TB
D: Amount of resources for initial transmission of a TB
E: Amount of resources utilized for the past transmissions within CR evaluation window
In our view, CR estimate should be based on E) - past resources and possibly B) - intended (re)-transmissions. The use of B) is important and can be applied to eventually derive number of intended (re)-transmissions subject to congestion control settings and thus avoid unnecessary drop of transmissions.
Based on discussion, we have following proposal:

Proposal 2: 
Whether UE can apply semi-persistent resource reservations is controlled by the flag which is (pre)-configured per CBR and priority level
· If flag is not set, semi-persistent resource reservations are disabled, otherwise UE can apply semi-persistent resource reservations for semi-persistent transmissions
CR evaluation window is determined by one of the following alternatives
· Alt.1: 
· [n-1000, n-1], i.e. a = 1000ms and b = -1ms
· [n-1000·2µ, n-1]), i.e. a = 1000·2µ slots and b = -1 slots
· Alt.2: 
· [n-1000+PDB1, n-1+PDB1], i.e. a = (1000-PDB1) and b = (PDB1-1)
·  [n-1000·2µ +PDB2, n-1+PDB2], i.e. a = (1000-PDB2) and b = (PDB2-1)
· here PDB1, PDB2 – denote remaining packet delay budget for a given TB measured in slots and ms respectively. PDB is introduced to include resources for all intended (re)-transmissions of a given TB into CR estimate
CR evaluation includes resources for all remaining intended (re)-transmissions for a given TB
CR evaluation window is defined in physical slots

CR Evaluation and Priority
It was not discussed by RAN1, whether CR is evaluated per priority level as in LTE V2X. In our view, LTE V2X approach can be reused:
	“If a UE is configured with high layer parameter  and transmits PSSCH in subframe n, the UE shall ensure the following limits for any priority value k
	
where    is the CR evaluated in subframe n-4 for the PSSCH transmissions with "Priority" field in the SCI set to i. It is up to UE implementation how to meet the above limits, including dropping the transmissions in subframe n.”



Proposal 3: 
CR is evaluated per priority level as in LTE V2X and UE shall ensure the following limits for any priority value k:  
For PSSCH transmission in physical slot ‘n’, CR is evaluated in the preceding physical slot ‘n-1’

Drop of Sidelink Transmission
In LTE-V2X, UE may drop sidelink transmission to meet CRLimit threshold. For NR-V2X, the UE dropping behaviour needs to be discussed and clarified. For instance, the following TX UE behaviors can be considered for ongoing HARQ process, if TX drop condition (i.e. CR measurement is above CR threshold) is detected:
Alt.1: If CR evaluation before initial transmission satisfies CRLimit, continue ongoing HARQ process until completion (i.e. complete all intended transmissions of ongoing HARQ process) 
Alt.2: If CR evaluations during HARQ process does not satisfy CRLimit, terminate / discontinue ongoing HARQ process (i.e. discontinue transmission of HARQ process or limit transmission on already reserved resource(s) indicating termination of HARQ process)
Alt.3: If CR evaluations during HARQ process do not satisfy CRLimit hold HARQ process until subsequent CR evaluations satisfy CRLimit (i.e. drop sidelink intermediate transmission and resume HARQ process if updated CR measurement is below CR threshold)
In our view, Alt.1 is more applicable for blind transmissions w/o feedback for high priority transmissions. Alt.2 and Alt.3 may be more suitable for feedback based (re)-transmissions. 
Besides UE behavior in terms of dropping sidelink transmission, we have identified the following additional aspects that need to be concluded by RAN1:
Aspect # 1: Transmission on already reserved resources in case of congestion control
· Alt.1: UE is expected to transmit on already reserved resources even if CRLimit was not satisfied but not reserve new resources
· Alt.2: UE is not expected to transmit on already reserved resources if CRLimit was not satisfied
Aspect # 2: HARQ process termination under congestion control, if HARQ process is discontinued
· Alt.1: Transparent termination mechanism: 
· UE provides backward signalling on reserved resource(s) and does not reserve new resou1rces
· Alt.2:  Non-transparent termination mechanism: 
· UE indicates HARQ process termination in SCI on reserved resources
Aspect # 3: UE TX drop behaviour for feedback-based and blind transmission under congestion control 
· In our view, common UE TX drop behaviour should be applied for feedback-based and blind transmission modes under congestion control

Based on discussion of the above aspects, we have following proposal:

Proposal 4: 
Whether UE is expected to transmit on already reserved resources for sidelink transmission is configured per CBR and priority level
Common UE TX drop behaviour is applied for feedback-based and blind (re)-transmission modes
If CR evaluations during HARQ process do not satisfy CRLimit, UE is expected to hold HARQ process (skip transmissions) until subsequent CR evaluations satisfy CRLimit 

Dependency of TX Power on Absolute Speed
RAN1 discussed restriction on the list of UE TX parameters which are subject to congestion control:
· 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 
· Upper bound of TX power (including zero TX power)
In addition, it was agreed to apply similar restrictions based on UE absolute speed, arguing that this functionality is enabled by LTE V2X. We noticed that LTE-V2X does not impose any limitation on upper bound of TX Power based on absolute speed since it is counter-intuitive. We hope that it is a common understanding in RAN1, that for NR V2X upper bound for TX power should not be restricted based on absolute speed.

Proposal 5: 
Confirm that upper bound of sidelink TX power is not dependent on UE absolute speed

3 Conclusion
In this contribution, we have discussed remaining opens of NR V2X congestion control. Based on discussion, we have following proposals to address identified opens:

Proposal 1: 
The number of consecutive TB (re)-transmissions before the next CR and CBR evaluation can be configurable per CBR and priority level and HARQ type

Proposal 2: 
Whether UE can apply semi-persistent resource reservations is controlled by the flag which is (pre)-configured per CBR and priority level
· If flag is not set, semi-persistent resource reservations are disabled, otherwise UE can apply semi-persistent resource reservations for semi-persistent transmissions
CR evaluation window is determined by one of the following alternatives
· Alt.1: 
· [n-1000, n-1], i.e. a = 1000ms and b = -1ms
· [n-1000·2µ, n-1]), i.e. a = 1000·2µ slots and b = -1 slots
· Alt.2: 
· [n-1000+PDB1, n-1+PDB1], i.e. a = (1000-PDB1) and b = (PDB1-1)
·  [n-1000·2µ +PDB2, n-1+PDB2], i.e. a = (1000-PDB2) and b = (PDB2-1)
· here PDB1, PDB2 – denote remaining packet delay budget for a given TB measured in slots and ms respectively. PDB is introduced to include resources for all intended (re)-transmissions of a given TB into CR estimate
CR evaluation includes resources for all remaining intended (re)-transmissions for a given TB
CR evaluation window is defined in physical slots

Proposal 3: 
CR is evaluated per priority level as in LTE V2X and UE shall ensure the following limits for any priority value k:  
For PSSCH transmission in physical slot ‘n’, CR is evaluated in the preceding physical slot ‘n-1’

Proposal 4: 
Whether UE is expected to transmit on already reserved resources for sidelink transmission is configured per CBR and priority level
Common UE TX drop behaviour is applied for feedback-based and blind (re)-transmission modes
If CR evaluations during HARQ process do not satisfy CRLimit, UE is expected to hold HARQ process (skip transmissions) until subsequent CR evaluations satisfy CRLimit 

Proposal 5: 
Confirm that upper bound of sidelink TX power is not dependent on UE absolute speed
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5 Annex A – List of RAN1 Agreements on QoS and Congestion Control
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 baseline

· 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.

RAN1#99 agreements 
· The CBR measurement time window size is 100 ms and 100 slots by (pre-)configuration.
· CR window size is {1000ms, 1000slots} by (pre)-configuration

[99-NR-11] 
· Only TX parameter restriction based on absolute speed can be (pre)-configured in Rel-16.

[99-NR-12]
· The future segment of the CR evaluation window reuses the same behavior as in the LTE V2X sidelink 
· FFS whether additional constraints on UE’s choice of values for a and b are needed
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