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1. Introduction
Congestion control for V2X was discussed in RAN1#86bis and it was agreed that congestion metric CBR is defined and reported to the eNB as in the following agreements:

Agreements:
· Channel busy ratio (CBR) is defined for the congestion measurement over PC5 in V-UEs

· CBR is the portion of sub-channels whose S-RSSI exceed a (pre-)configured threshold observed during (working assumption: 100 ms).
· Only the sub-channels included in the resource pool are used for the measurement.

· FFS whether additional separated measurement is needed for SA pool.
· For a UE in Mode 3, the eNB indicates a set of resources on which the UE perform this measurement

· For a UE in Mode 4, the measurement is pool-specific.

· A UE measures at least on its current TX pool(s).

· FFS whether a UE measures on a pool which is not its current transmission pool.

· RAN1 will not optimize this measurement to address the case of multiple TX pools
· UE Reporting of CBR to eNB is supported

· Details up to RAN2 including any possible additional averaging at higher layer
· Send LS to RAN2/4 to inform this agreement.

In the meantime, it has been discussed in RAN1 whether UE radio layer needs to adjust the transmission parameters in adaptation to the congestion situation as reflected in the following working assumption in RAN1#85:
Working assumption:
· A measurement metric is specified to reflect the congestion level of a PC5 carrier, e.g., similarly to the channel busy ratio defined in ETSI. 
· This measurement is available to higher layers in the UE.

· FFS whether the measurement can be reported to eNB.

· FFS the details of the measurement and the UE behavior, for example:

· The principle to drop PC5 transmissions as a function of this measurement and priority is supported.

· The radio adjusts radio parameters (max tx power, nr of retx restriction, MCS range restriction, nr of PRBs restriction) as a function of priority and this measurement.

· Packets with different priorities are transmitted on the same resource pool
This contribution discusses the UE behavior in adjusting radio parameters based on the CBR measurement.
2. Discussions 
Firstly it needs to review the latest status of discussions in the regulatory bodies, especially in ETSI ITS which currently mandates decentralized congestion control (DCC) mechanism for IEEE802.11p devices operating in the 5.9 GHz spectrum. The following conclusion was reached in the last ESTI ERM meeting on update of EN 302 571 [1]:
· Because it is difficult to use the existing DCC on LTE-V2V based systems it was decided to limit the mandatory use of the current DCC only to IEEE 802.11 based systems.
Based on the above, it can be concluded that congestion control mechanism of LTE-V2V does not need to follow the exact form in the current EN 302 571. If a mechanism suitable for LTE-V2V is identified, EN 302 571 can be amended to incorporate it. For example, the DCC mechanism in the current EN 302 571 consists of restriction on the length of continuous transmission duration and continuous idle duration of a device (Ton and Toff), which is suitable for the CAMA/CA protocol of DSRC where TDMA is used for the multiple access technique and another device may access the channel if transmission from a device is not continuous.

Observation 1: According to the latest ETSI ERM meeting, the congestion control mechanism of LTE V2V can be different from the DCC mechanism in the current EN 302 571.
In general, the purpose of congestion control is to limit the resource usage of each device so that the overall system performance can be gracefully degraded when the offered load is high. Thus, if UEs are required to adjust the radio parameters for congestion control, each UE firstly determines the maximum allowed resource utilization from the CBR measurement and its total transmission resource usage shall not exceed this maximum. In [2], this value is denoted by “channel resource limit (CRlimit),” and is expressed as a function of the CBR measurement as follows:
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where Cw is a configurable parameter in [0, 1] with the default value of 1, CTH is the threshold of DCC triggering which is set to 0.6 in [1], and a = 1/4000 obtained from simulations. This function can be used as the starting point in determining CRlimit from CBR in the LTE V2V.
It should be noted that the UE shall still be compliant with the restriction on the RB size, HARQ retransmission number, MCS level, and the resource reservation interval in the current specification even in the congestion control case. The restriction imposed by CRlimit shall be additional one.

Proposal 1: Channel resource limit is defined as a function of CBR measurement such that the total resource usage for transmission of a UE shall not exceed this limit. The function used for DCC in ETSI EN 302 571 can be the starting point.
Once a UE identifies CRlimit, it determines its transmission resource accordingly and tries to transmit TBs. It is noted that there can be multiple ways of determining the transmission resource of a UE for a given CRlimit, especially considering multiple sidelink processes supported in the current MAC specifications. Let’s assume that the resource pool has 100 RBs and all the subframes are included in the pool. If CRlimit is 0.08% (corresponding to using 80 RBs in one second), all the following cases are valid under the limit imposed by this CRlimit:
· When the UE operates one sidelink process with multiple PDU transmissions,

· Case 1: The UE transmits using sidelink process #1 which uses 80 RBs every 1 sec (80 RBs in total in one sec).

· Case 2: The UE transmits using sidelink process #1 which uses 8 RBs every 100 ms (8*10 = 80 RBs in total in one sec).

· When the UE operates two sidelink processes with multiple PDU transmissions and 3:1 resource split is used between the two processes,
· Case 3: The UE transmits using sidelink process #1 which uses 6 RBs every 100 ms and using sidelink process #2 which uses 2 RBs every 100 ms (6*10 + 2*10 = 80 RBs in total in one sec).

· Case 4: The UE transmits using sidelink process #1 which uses 12 RBs every 200 ms and using sidelink process #2 which uses 10 RBs every 500 ms (12*5 + 10*2 = 80 RBs in total in one sec).

Details of how to split the limited resources to each sidelink process can be up to UE implementation or, if needed, can be based on some rules. Such details can be discussed in RAN2. 
If the amount of the total transmission resource is limited by the congestion control, the UE may select higher MCS (within the (pre-)configured range) so that it can transmit as many TBs as possible. Even with the highest MCS, however, the UE may not be able to transmit all the TBs due to the limited resource usage. In this case, the behavior in the current specification of triggering resource reselection is not appropriate because resource reselection cannot solve the problem but cancels resource reservation unnecessarily. Thus, the existing resource reselection triggering should be limited to the non-congested cases, i.e., when the CBR measurement is below a threshold. Detailed UE behavior when some TBs cannot be transmitted due to the congestion control can be discussed in RAN2 including the possibility of message dropping.

Proposal 2: Each UE transmits TBs potentially using multiple sidelink processes under the the channel resource limit. How to allocate the total transmission resource amount to each sidelink process can be discussed in RAN2.
Proposal 3: If the resource size is limited by congestion control, the UE shall not trigger resource reselection though the arrived message cannot be transmitted with the highest allowed MCS. Other details of handling insufficient resource size can be discussed in RAN2.
It can be discussed whether/how to handle prioritization using PPPP in the congestion control. Considering that PPPP of each TB can change in time even in a single sidelink process using the same time/frequency resource size, it seems difficult to use different limit of resource usage for different PPPP. As discussed above, it can be a clearer solution to restrict the total transmission resource usage of a UE, and mapping packets with different PPPP to the resources reserved under the restriction can consider PPPP either by UE implementation or a specified rule subject to the RAN2 decision (e.g., prioritize higher PPPP in mapping packets to the reserved resources). Meanwhile, the transmission power can be changed across subframes reserved together, so adjusting the transmission power based on PPPP and CBR can be further considered in RAN1.
Proposal 4: It can be considered to adjust the transmission power of each subframe based on the PPPP and CBR measurement.
A UE sometimes may not be able to measure CBR in its transmission pool. One typical case is when the UE uses exceptional resource pool as it is not able to sense the normal transmission pool. Assuming that the use of the exceptional pool is not so often, the UE can be exempt from operating the CBR-based radio parameter adjustment.

Proposal 5: CBR-based congestion control is not applied to the transmission in an exceptional resource pool.
3. Conclusion
This contribution discussed UE behavior in adjusting radio parameters for congestion control. The discussion can be summarized as follows:

Observation 1: According to the latest ETSI ERM meeting, the congestion control mechanism of LTE V2V can be different from the DCC mechanism in the current EN 302 571.

Proposal 1: Channel resource limit is defined as a function of CBR measurement such that the total resource usage for transmission of a UE shall not exceed this limit. The function used for DCC in ETSI EN 302 571 can be the starting point.

Proposal 2: Each UE transmits TBs potentially using multiple sidelink processes under the the channel resource limit. How to allocate the total transmission resource amount to each sidelink process can be discussed in RAN2.
Proposal 3: If the resource size is limited by congestion control, the UE shall not trigger resource reselection though the arrived message cannot be transmitted with the highest allowed MCS. Other details of handling insufficient resource size can be discussed in RAN2.
Proposal 4: It can be considered to adjust the transmission power of each subframe based on the PPPP and CBR measurement.
Proposal 5: CBR-based congestion control is not applied to the transmission in an exceptional resource pool.
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