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1. Introduction
In the recently approved work item [1], one of the objectives is about congestion control for NR-V2X. During RAN1#96bis meeting discussions, the following agreement on congestion control was reached. However, it was unclear if LTE V2X sidelink congestion control can be used as a starting point for defining NR sidelink congestion control.
	Agreements:
Support at least NR CBR as congestion metric for NR sidelink congestion control. 
· LTE CBR is the baseline for defining NR CBR.


In this contribution, we provide discussions and views on remaining issues and additional congestion control metric(s) that would be needed for NR sidelink operation.

2. Congestion control metrics and mechanism in LTE-V2X
The purpose of congestion control is predominantly to control traffic load on the system or resource pool and to prevent overload situation. If traffic load on the system is too high, i.e., too many users transmitting data, this can cause severe transmission collisions and will lead to poor result of performance for the system. Therefore, a congestion control mechanism was introduced in LTE-V2X for this purpose.
In LTE, two measurement metrics relating to congestion control were introduced, namely channel busy ratio (CBR) and channel occupancy ratio (CR). Each one of these metric controls traffic congestion slightly different to each other. In the following, we firstly briefly describe how they work in LTE-V2X. 
CBR in LTE-V2X
The definition of CBR in LTE-V2X according to [2, 36.214]:
	Definition
	Channel busy ratio (CBR) measured in subframe n is defined as follows:
-	For PSSCH, the portion of sub-channels in the resource pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes [n-100, n-1]; 
-	For PSCCH, in a pool (pre)configured such that PSCCH may be transmitted with its corresponding PSSCH in non-adjacent resource blocks, the portion of the resources of the PSCCH pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes [n-100, n-1], assuming that the PSCCH pool is composed of resources with a size of two consecutive PRB pairs in the frequency domain.

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


NOTE:	The subframe index is based on physical subframe index
CBR in LTE-V2X is used to reflect the overall congestion level of PSSCH sub-channels in a resource pool. It is measured for the past 100ms due to this is the most common/expected transmission periodicity for LTE-V2X messages. If PSSCH and its associated PSCCH are non-adjacent in frequency domain, CBR is measured separately for PSCCH and PSSCH. In LTE-V2X mode 4, this measurement metric is used during the resource selection procedure, where the UE should select the size of transmissions resources and determine whether to perform retransmission of a TB such that the overall usage of the resource pool will not exceed a (pre-)configured CBR congestion value.
CBR in LTE-V2X
The definition of CR in LTE-V2X according to [2, 36.214]:
	Definition
	Channel occupancy ratio (CR) evaluated at subframe n is defined as the total number of sub-channels used for its transmissions 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].

	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 0 or a positive integer; a and b are determined by UE implementation with a+b+1 = 1000, a >= 500, and n+b should not exceed the last transmission opportunity of the grant for the current transmission. 
NOTE 2:	CR is evaluated for each (re)transmission.
NOTE 3:	In evaluating CR, the UE shall assume the transmission parameter used at subframe n is reused according to the existing grant(s) in subframes [n+1, n+b] without packet dropping.
NOTE 4:	The subframe index is based on physical subframe index.
NOTE 5:	CR can be computed per priority level
For LTE-V2X, the congestion metric CR is used to reflect how much resources had been used and will be used by the UE within the period of [n-a, n+b]. In LTE-V2X, predominantly only periodic traffic is considered. Therefore, it is relatively simple for the UE to estimate and predict how much resources will be used in the future within the period of [n, n+b] by considering how much resources had been used in the same configured grant during [n-a, n-1].
CR in LTE-V2X is measured over a transmission resource pool, but it is also measured per priority level. This congestion control mechanism promises fair usage among the UEs in the same resource pool by setting a limitation of CR (CR_limit) to each UE. Different priority level can be configured with different CR_limit so that higher priority messages can have more chances and resources to be transmitted.
Transmission parameter configuration in LTE-V2X
As part of congestion control mechanism in LTE-V2X, transmission parameters such as MCS, number of PRBs, number of retransmissions, CR_limit, and etc. can be (pre-)configured corresponding to priority and CBR range [3, 36.331]. A set of default transmission parameters is also configured in case of CBR is not available. UE performs CBR measurement over the configured transmission resource pool. Based on the measured CBR and priority information (i.e. PPPP in LTE-V2X) of candidate sidelink message to be transmitted, UE selects appropriate transmission parameters within the configured transmission parameters range. Once the transmission parameters (such as number of PRBs, number of re-transmission) are selected, UE calculates the CR within subframes [n-a, n+b] and compare it with CR_limit. If it is higher than the CR_limit, UE will drop some transmissions. It is left to UE implementation how UE selects and performs dropping of transmissions in this case.
2 Congestion control metrics and mechanism for NR-V2X
In principle, some form(s) of congestion control mechanism also needs to be supported in NR-V2X to alleviate potential severe transmission collisions. Generally, similar congestion control mechanism used in LTE-V2X could be reused for NR-V2X as fundamentally no big differences in how V2X messages are transmitted between LTE- and NR-V2X. In NR-V2X mode 2, SL resource sensing on transmission resource pool(s) would still have to be performed by UE before selecting appropriate resource(s) for transmission. The differences in tighter latency, higher reliability, transmission periodicity and communication range in NR-V2X compared with LTE-V2X would have only small impact to the overall design of congestion control mechanism, such as defining smaller CBR range and more CR_limit levels.
While considering some new features introduced in NR-V2X, congestion control mechanism for NR-V2X could be enhanced as well.
The following features are introduced in NR-V2X which is different to LTE-V2X.
· PSCCH and PSSCH multiplexing mechanism option 3
· Both period and aperiodic traffic are supported
· NR-V2X supports unicast, groupcast and broadcast
· Simultaneous mode 1 and mode 2 operation for a UE (possibly if time permits)
· New QoS parameter introduced in NR-V2X
Considering the above new features in NR-V2X, the congestion control mechanism needs to be modified/enhanced accordingly.
CBR in NR-V2X
As already agreed in RAN1#96bis [1], NR-V2X supports at least NR CBR as a congestion metric for NR sidelink congestion control and LTE CBR is the baseline for defining NR CBR. In LTE-V2X, separate CBR is measured for PSSCH resource pool and PSCCH resource pool (only in case of non-adjacent case). In NR-V2X, option 3 is agreed as working assumption for PSCCH and PSSCH multiplexing as shown in Figure 1. Whether to support other multiplexing option(s), such as option 1B, is still to be decided.


Figure 1 PSCCH and PSSCH multiplexing
For multiplexing option 3, PSCCH and its associated PSSCH are overlapped partly or fully in the time domain. Therefore, the resource pool of PSCCH can be considered as a subset of resource pool for PSSCH. Similar to LTE-V2X, it is not necessary to measure CBR of PSCCH resource pool, separately. The CBR measurement result of PSSCH can reflect whether the resource is occupied or not, no matter it is by PSCCH or PSSCH.
Furthermore, for CBR measurement period in LTE-V2X, it was defined to perform S-RSSI measurement over subframes [n-100, n-1]. While it is understood that this measurement period was defined to be the same as LTE-V2X mode 4 sensing period, it is unclear if same measurement / sensing window of 100ms should be also used in NR-V2X. As part of simulation profile definition for NR-V2X, the agreed transmission periodicity is 50ms. But if NR-V2X would be used for carrying basic V2X safety messages, then the same CBR measurement period of 100ms seems still appropriate.
Proposal 1: For PSCCH and PSSCH multiplexing option 3, CBR measurement is only performed within PSSCH resource pool, not within PSCCH resource pool.
· FFS for other PSCCH and PSSCH multiplexing options if supported.
Proposal 2: CBR measurement period/window in NR-V2X should be the same as mode 2 sensing window.
· If NR-V2X would be used for carrying V2X basic safety messages, the same CBR measurement period of 100ms in LTE seems appropriate for NR-V2X.
CR in NR-V2X
As discussed earlier, since only periodic traffic is predominantly transmitted in LTE-V2X, the transmitting UE can easily predict how much resources it will need for future transmissions. While in NR-V2X, aperiodic traffic could occur quite frequently and it will be hard for UE to estimate when the packet will arrive and how large the packet is. Therefore, UE cannot accurately calculate CR for future period in [n, n+b]. As such, the evaluation of CR in NR-V2X should be limited within subframes [n-a, n-1], which is based on resources used in past transmissions.
Proposal 3: Unlike LTE-V2X, CR evaluation in NR-V2X should be limited within the period of [n-a, n-1], due to unpredictable nature of aperiodic traffic in future transmissions.
In LTE-V2X, CR is computed per priority level since only one QoS parameter (PPPP) is introduced. In NR-V2X, QoS management will be discussed. If new QoS parameters are introduced, whether to support CR computation based on new QoS parameter needs FFS.
Observation 1: whether to support CR computation based on new QoS parameter needs further study.
In LTE-V2X, UE operates in either mode 3 or mode 4, i.e., UE can only support one transmission mode at a time. When UE is operating in mode 3, the network performs resource allocation and transmission collision can be avoided. The congestion control in this case is done by the network. In mode 4, UE performs resource selection by sensing. Therefore, UE measures CBR and selects resources from the configured transmission parameters range based on the measured CBR and priority of sidelink data. The congestion control is done by the UE in this case if the measured CR exceeds a CR_limit. For example, UE drops some transmission occasions to keep CR is below the CR_limit. 
According to the NR-V2X WID [1], support simultaneous configuration of mode 1 and mode 2 for a UE will be discussed.
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
……

If simultaneous mode 1 and mode 2 is supported, the CR should be used to evaluate the total resource usage per UE, not per transmission mode. 

Proposal 4: In NR-V2X, CR should be used to evaluate the total resource usage per UE, not per transmission mode.

In case of simultaneous mode 1 and mode 2 is configured to a UE, UE does SL transmission according to network’s scheduling and automatic resource selection. While the network has no information about how much resource has been used by the UE in mode 2. If UE evaluates CR exceeds the CR_limit, but the network doesn’t know that and it will continue allocating resource to the UE, that will cause congestion at the UE and waste scheduling signalling. If the CR can be reported to network, it can determine whether do scheduling to the UE so that the congestion level can be alleviated.

Observation 2: It is beneficial for UE to report CR to network if simultaneous mode 1 and mode 2 is supported in NR-V2X.
Transmission parameter configuration
In LTE-V2X, the transmission parameter table is configured which is related to CBR range and priority level. In that case, the number of resources that can be used is determined by current CBR value and the priority of candidate data to be transmitted. The network can control the maximal number of resources used in different CBR range. The same mechanism can be used in NR-V2X.

Proposal 5: The transmission parameter range is (pre-)configured according to CBR range.

In LTE-V2X, the transmission parameter is configured based on PPPP value. If new QoS parameters are introduced in NR-V2X, the transmission parameter configuration should be updated accordingly.

Proposal 6: The transmission parameter range is (pre-)configured according to QoS parameter. FFS which QoS parameter can be used.

4. Conclusion
In this contribution, potential congestion control mechanisms for NR-V2X are discussed. The following observations and proposals are given.

Proposal 1: For PSCCH and PSSCH multiplexing option 3, CBR measurement is only performed within PSSCH resource pool, not within PSCCH resource pool.
· FFS for other PSCCH and PSSCH multiplexing options if supported.
Proposal 2: CBR measurement period/window in NR-V2X should be the same as mode 2 sensing window.
· If NR-V2X would be used for carrying V2X basic safety messages, the same CBR measurement period of 100ms in LTE seems appropriate for NR-V2X.
Proposal 3: Unlike LTE-V2X, CR evaluation in NR-V2X should be limited within the period of [n-a, n-1], due to unpredictable nature of aperiodic traffic in future transmissions.
Observation 1: whether to support CR computation based on new QoS parameter needs further study.
Proposal 4: In NR-V2X, CR should be used to evaluate the total resource usage per UE, not per transmission mode.
Observation 2: It is beneficial for UE to report CR to network if simultaneous mode 1 and mode 2 is supported in NR-V2X.
Proposal 5: The transmission parameter range is (pre-)configured according to CBR range.
Proposal 6: The transmission parameter range is (pre-)configured according to QoS parameter. FFS which QoS parameter can be used.
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