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Introduction

NR V2X WID has been approved during the RAN#83 meeting. Within the WID scope, congestion control is listed as one of the objectives for RAN1 and RAN2. Therefore, in this contribution, we will analyze congestion control mechanism in LTE V2X and figure out whether there is any potential enhancement for NR V2X.
Discussion 
CBR

In LTE V2X, congestion control is implemented via both CBR mechanism and CR-limit mechanism. Firstly, CBR reflects the busy status of a specific configured resource pool. In details, UE measures the RSRP of each block of resource within the resource pool, and filter out those resource block of which the measured RSRP value is above a configured threshold. UE shall consider those resource block as used resource by other UEs within the resource pool. Thereafter, the CBR value of the resource pool could be derived from the used resource block divided by the total resource block within the resource pool. The actual CBR value is an average calculation. It means that, UE will collect the CBR values within one second, and to get the average CBR value. This CBR value can reflect the portion of resource used by other UEs within this resource pool, which can further reflect how busy the current resource pool is. In NR V2X, such indication to reflect the busy status of a resource pool can be also applied.
Proposal 1: In NR V2X, RAN2 is suggested to use CBR like indication to reflect the busy status of a sidelink resource pool.
CBR measurement and report

In LTE V2X, the UE usually measures all configured transmission resource pools. To be specific, RRC connected UE measures dedicated signalling configured resource pools and RRC ilde UE measures SIB 21 and SIB 26 configured resource pools, no matter it is exceptional resource pool or normal resource pool. When the SA and data resource are adjacent, UE only needs to perform one CBR measurement.Otherwise, UE needs to perform CBR measurement separately. In NR V2X, such CBR measurement behaviour can be reused.

Proposal 2: The LTE CBR measurement design could be used as baseline for NR V2X. 
In LTE V2X, network can configure which resource pool that the RRC connected UE needs to report. The CBR event-triggered reporting is triggered by overloaded threshold and/or less-loaded threshold. The is up to eNB configuration. In NR V2X, such CBR reporting behaviour can be regarded as the baseline.
Proposal 3: In NR V2X, the design of CBR reporting should regard LTE CBR reporting mechanism as the baseline.
As we know, LTE Uu controlling NR sidelink is supported in Rel-16. Therefore, when an NR V2X UE is under the coverage of a LTE cell but out of the coverage of an NR cell, it is not clear if the NR V2X UE should also report its CBR measurement result of NR V2X sidelink resource pool towards the LTE cell.

Proposal 4: RAN2 should discuss whether UE should report CBR measurement result of NR V2X sidelink resource pool to eNB under LTE Uu controlling NR sidelink scenario.

In addition, suppose different resource pools are associated with different cast type, UE may only perform transmission and reception on resource pools of its interested cast type. For example, when UE is only interested in unicast communication, it does not need to monitoring the broadcast resource pool. Therefore, in this case, it is not necessary for UE to measure CBR value on all configured resource pools. Instead, UE only needs to measure CBR value on the configured resource pools with the interested cast type.

Proposal 5: NR V2X UE only needs to measure CBR value on the configured resource pools with interested cast type.

Determination of Tx parameter

In LTE V2X, a group of radio layer parameters is associated with a specific PPPP and CBR combination. In details, the group of radio layer parameters include maximum transmission power, range on number of re-transmission, range of PSSCH RB number, MCS range, as well as maximum cr-limit value. UE determines its transmission parameter based on this configuration. However, if the CBR measurement is unavailable, a default group of radio layer parameter should be used by the UE.

In NR V2X, the mapping relationship between a group of radio layer parameter and a combination of CBR and PQI/ priority level can be also considered. 

Proposal 6: In NR V2X, UE should follow CBR and PQI /packet priority combination to adjust its Tx parameter.
Resource pool selection

In LTE V2X. when performing carrier selection/reselection, mode 4 UE needs to consider the CBR status of the specifc carrier. However, the NR V2X WID only support single sidelink carrier operation for R16 NR V2X.Therefore, the legacy carrier selection/reselection mechanism based on CBR is no longer applicable. However, as discussed in our companion paper[1], UE may be configured with multiple sidelink transmission resource pools. When performing resource pool selection, it is suggested to consider the CBR. 

Observation 1: Since only single sidelink carrier operation is supported in R16 NR V2X, it is not necessary to consider the CBR based carrier selection/reselection mechanism.

Proposal 7: It is suggested to consider CBR for NR V2X sidelink transmission resource pool selection in NR V2X.
cr-limit
The cr-limit is introduced in LTE V2X to prevent a single UE from using too much resource within the resource pool for a certain period. For UE’s data packets with different priority, eNB may configure the respective maximum total resource amount the UE can use within 1000 subframes. According to the description in the TS 36.214, within the 1000 subframes, UE should account both the resources UE has been used for certain number of subframes in the past and the resources UE predicts to use for certain number of subframes in the future. However, for certain packet priority level, if UE has reached the maximum cr value, UE cannot select any more resources within the resource pool. In this case, it may trigger the resource reselection. In NR V2X, to prevent a UE from using too much resource within the resource pool for certain duration, such cr-limit mechanism can be leveraged.

Proposal 8: In NR V2X, cr-limit mechanism can be leveraged to prevent UE from using too much resource within the resource pool for certain duration.
Conclusion 
Within this contribution, we have analyzed how congestion control mechanism works in LTE V2X, and figured out some potential enhancements which can be considered in NR V2X. The proposals and observations are given in the following:
Proposal 1: In NR V2X, RAN2 is suggested to use CBR like indication to reflect the busy status of a sidelink resource pool.
Proposal 2: The LTE CBR measurement design could be used as baseline for NR V2X. 
Proposal 3: In NR V2X, the design of CBR reporting should regard LTE CBR reporting mechanism as the baseline.
Proposal 4: RAN2 should discuss whether UE should report CBR measurement result of NR V2X sidelink resource pool to eNB under LTE Uu controlling NR sidelink scenario.

Proposal 5: NR V2X UE only needs to measure CBR value on the configured resource pools with interested cast type.

Proposal 6: In NR V2X, UE should follow CBR and PQI /packet priority combination to adjust its Tx parameter.
Observation 1: Since only single sidelink carrier operation is supported in R16 NR V2X, it is not necessary to consider the CBR based carrier selection/reselection mechanism.

Proposal 7: It is suggested to consider CBR for NR V2X sidelink transmission resource pool selection in NR V2X.

Proposal 8: In NR V2X, cr-limit mechanism can be leveraged to prevent UE from using too much resource within the resource pool for certain duration.
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