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[bookmark: _Ref174151459][bookmark: _Ref189809556]The work item for LTE-based V2X services [1] has the following objective;
d) Congestion control for PC5-based V2X including load balancing across multiple carriers [RAN1, RAN2, RAN4]
In this contribution, we discuss the details on congestion control including congestion level measurement metric, reporting method, transmission parameter adaption for UEs, and P-UE issues.  
Discussion
The definition of congestion level measurement
The congestion level measurement can be defined as follows:
· Congestion level = (number of busy data resources in T)/ (number of total data resources in T), 
· where
· T denotes the measuring time interval and this can be fixed or (pre)configured by network.
· A sub-channel is declared as “busy” if the measured S-RSSI of the sub-channel exceeds a threshold. 
· The threshold is (pre)configured. 
It is noteworthy that UE can measure the congestion level per resource pool or average across resource pools. When resource pools are separated for different UE type, e.g. pools are separated between V-UE and P-UE, it is desirable that the measurement is separated between pools. However, if this measurement is performed by only V-UE and this measurement is used for carrier load balancing, the measurement can be averaged across pools. Especially, UE can measure the congestion level in outside pools to detect the existence of other RAT. The detailed discussion can be found in our companion contribution [2]. 
Proposal 1: The following congestion level measurement is defined,
· Congestion level = (number of busy data resources in T)/ (number of total data resources in T), 
· where
· T denotes the measuring time interval and this can be fixed or (pre)configured by network.
· A sub-channel is declared as “busy” if the measured S-RSSI of the sub-channel exceeds a threshold. 
· The threshold is (pre)configured. 
Proposal 2: The congestion level can be measured per carrier and/or per resource pool. 
Utilization of the congestion level measurement
The congestion level measurement can be used for transmission parameter adaptation in radio layer. In the current TS 36.331, transmission parameters such as MCS, PRB number, retransmission number can be associated the condition of the UE absolute speed and synchronization reference type. Congestion level can be an additional condition to adjust the transmission parameters. Network can configure the transmission parameter ranges depending on congestion level. 
Proposal 3: Congestion level can be an additional condition to adjust the transmission parameters. Network can configure the transmission parameter ranges depending on congestion level.
UE can report its congestion level measurement to the application layer. The application layer indicates/changes the packet size and/or message generation rate. However, it is out of scope of RAN1. 
Observation 1: Application layer parameter adaptation associated congestion level measurement is out of scope of RAN1.
UE can report its congestion level measurement to eNB. eNB can control resource pool size and range of transmission parameters. In addition, eNB can instruct to switch current carrier to other carrier. The carrier switching can be occurred by detecting other RAT. Network can configure the priority order for each carrier or resource pool based on congestion level reporting. UE can switch the resource pool or carrier by congestion level measurement. RAN1 needs to discuss the detailed operation for load control across carriers and/or resource pool. 
Proposal 4: RAN1 needs to discuss the detailed operation for load control across carriers and/or resource pool.   
Reporting measurement to eNB and congestion control for P-UEs
The congestion level measurement reporting to eNB is needed to support at least TX parameter adaptation of P-UE where some of P-UEs may not be able to measure the congestion level due to lack of reception circuit in ITS carrier. The measurement reporting from V-UE is able for eNB to control transmission parameters of P-UEs. Periodic and a-periodic reporting can be supported, but details can be decided in RAN2. 
Proposal 5: Reporting congestion level to eNB should be supported. The details can be decided in RAN2. 
The transmission parameters for P-UE can be differently configured with those of V-UE because the resource pool can be separated, and mobility and message characteristics of P-UE are much different with V-UE. 
Proposal 6: The transmission parameters for P-UE can be differently configured with those of V-UE.
Conclusion
This contribution discussed the congestion level measurement and its utilization. Based on the discussions, the following proposals and observations were made: 
Proposal 1: The following congestion level measurement is defined,
· Congestion level = (number of busy data resources in T)/ (number of total data resources in T), 
· where
· T denotes the measuring time interval and this can be fixed or (pre)configured by network.
· A sub-channel is declared as “busy” if the measured S-RSSI of the sub-channel exceeds a threshold. 
· The threshold is (pre)configured. 
Proposal 2: The congestion level can be measured per carrier and/or per resource pool. 
Proposal 3: Congestion level can be an additional condition to adjust the transmission parameters. Network can configure the transmission parameter ranges depending on congestion level.
Observation 1: Application layer parameter adaptation associated congestion level measurement is out of scope of RAN1.
Proposal 4: RAN1 needs to discuss the detailed operation for load control across carriers and/or resource pool.   
Proposal 5: Reporting congestion level to eNB should be supported. The details can be decided in RAN2. 
[bookmark: _GoBack]Proposal 6: The transmission parameters for P-UE can be differently configured with those of V-UE.
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