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Introduction
Congestion control prevents the radio channel from being congested by too many transmissions within a certain geographical area. This is achieved by placing limits on several transmitter parameters based on channel occupancy level at the moment. For example, draft ETSI EN 302 571 V2.0.0 (2016-03) [1] [2] for the 5.9GHz ITS band in Europe specifies regulatory limits on maximum Ton, minimum Toff and maximum Duty Cycle of UE transmitters based on the channel occupancy level measured as Channel Busy Ratio (CBR), where 
· Ton is the current duration of a transmission,
· Toff is the current allowed minimum time between two consecutive transmissions, 
· Duty Cycle is the ratio expressed as a percentage of the maximum transmitter “on” time on one carrier frequency, relative to 1 second. [2]
In this contribution we discuss the impact of minimum Toff limit and maximum duty cycle limit on UE transmitter behavior and develop solutions from RAN1 perspective for fulfilling the corresponding requirements. A companion contribution [4] focuses on the impact of Ton.
Impact from regulatory Toff and duty cycle requirements on UE transmitter behavior
According to [2], (see also Appendix A,) the minimum Toff limit is 25 ms or higher and can be up to 1 s, e.g. when CBR > 62%. 
Observations:
· According to draft ETSI EN 302 571 V2.0.0 (2016-03) [1] [2], the minimum Toff limit is 25ms or higher and can be up to 1 second depending on the current channel occupancy level.
As a radio layer requirement, the Toff limit is applicable to all transmissions of a UE operating in the ITS band. These include SA/Data and signaling transmissions, e.g. SLSS/PSBCH. The time interval between consecutive messages arriving from higher layers at the PDCP layer of a UE can be controlled by the higher layer congestion control function, as outlined in the companion paper [3]. However, in order to comply with the radio layer Toff requirement, which does not differentiate the type of transmissions, UE has also to coordinate transmissions of SA/Data and some signaling (SLSS/PSBCH) from RAN1 perspective.
Proposals:
· In order to comply with the radio layer Toff requirement, which does not differentiate the type of transmissions, UE has to coordinate transmissions of SA/Data and some signaling (SLSS/PSBCH) from RAN1 perspective.
SA and data transmission 
Agreements in RAN1 #85:
· […]
· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).
· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”
· Strive for not increasing the number of SA blind decoding to enable this.
Given the large Toff limit value, typically larger than 25ms, it is preferred to transmit SA and its associated data in the same subframe and multiplex them in the frequency domain so that any time gap between SA and its associated data is avoided.
Proposals:
· In order to comply with the regulatory Toff requirement, which is typically larger than 25 ms, the SA and its associated data shall be FDMed in the same subframe. 
SLSS/PSBCH transmission: 
Agreements in RAN1 #85:
· […]
· Working assumption: V2V SLSS/PSBCH periodicity is 200 ms.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.
· […]
According to the agreements in RAN1#85, the V2V SLSS/PSBCH transmission has a periodicity of 200 ms (please note that Ericsson proposes a revision to 256ms periodicity [5]). If the time between a data transmission and a SLSS/SPBCH transmission is too close, it may violate the minimum Toff limit. Due to the repetitiveness of the signaling transmissions, a transmitter UE may at times consider SLSS/PSBCH as of less importance than a data transmission. Hence, the UE shall be able to prioritize the data transmission over SLSS/PSBCH transmissions, in order to meet the Toff and duty cycle limits. Particularly, the following cases are considered:
1. If an upcoming SLSS/PSBCH transmission is going to occur within the Toff limit its data transmission, the UE shall skip the SLSS/PSBCH transmission.
2. If a data transmission is scheduled within the Toff limit before an upcoming SLSS/PSBCH transmission, the UE shall skip the SLSS/PSBCH transmission. 
3. Before each SLSS/PSBCH transmission, the UE shall evaluate the duty cycle in the past 1 second taking into account the upcoming SLSS/PSBCH transmission. If the evaluation result exceeds the maximum duty cycle limit, the UE shall skip the SLSS/PSBCH transmission.
Figure 1 shows the cancellation of SLSS/PSBCH transmission due to the minimum Toff limit.
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[bookmark: _Ref458370378]Figure 1: Prioritized data transmissions over SLSS/PSBCH transmissions within Toff limit

Proposals:
· The specifications should allow the UE to prioritize data transmissions over SLSS/PSBCH transmissions in order to meet the Toff and duty cycle limits. More specifically, 
· if an upcoming SLSS/PSBCH transmission is going to occur within the Toff limit before a scheduled or reserved data transmission, the UE shall skip the SLSS/PSBCH transmission.
· if a data transmission is scheduled or performed within the Toff limit before an upcoming SLSS/PSBCH transmission, the UE shall skip the SLSS/PSBCH transmission. 
· before each SLSS/PSBCH transmission, the UE shall evaluate the duty cycle in the past 1 second taking into account the upcoming SLSS/PSBCH transmission. If the evaluation result exceeds the maximum duty cycle limit, the UE shall skip the SLSS/PSBCH transmission.
Conclusion 
In this contribution, we discuss the UE transmitter behavior under congestion control in V2X sidelink. 
Observations:
· According to draft ETSI EN 302 571 V2.0.0 (2016-03) [1] [2], the minimum Toff limit is 25ms or higher and can be up to 1 second depending on the current channel occupancy level.
Proposals:
· In order to comply with the radio layer Toff requirement, which does not differentiate the type of transmissions, UE has to coordinate transmissions of SA/Data and some signaling (SLSS/PSBCH) from RAN1 perspective.
Proposals:
· In order to comply with the regulatory Toff requirement, which is typically larger than 25 ms, the SA and its associated data shall be FDMed in the same subframe. 
Proposals:
· The specifications should allow the UE to prioritize data transmissions over SLSS/PSBCH transmissions in order to meet the Toff and duty cycle limits. More specifically, 
· if an upcoming SLSS/PSBCH transmission is going to occur within the Toff limit before a scheduled or reserved data transmission, the UE shall skip the SLSS/PSBCH transmission.
· if a data transmission is scheduled or performed within the Toff limit before an upcoming SLSS/PSBCH transmission, the UE shall skip the SLSS/PSBCH transmission. 
· before each SLSS/PSBCH transmission, the UE shall evaluate the duty cycle in the past 1 second taking into account the upcoming SLSS/PSBCH transmission. If the evaluation result exceeds the maximum duty cycle limit, the UE shall skip the SLSS/PSBCH transmission.
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Appendix A
In the clause 4.2.10 on decentralized congestion control of [1][2] the following limits are specified:
The equipment testing for DCC conformance shall focus on the Ton, Toff and the duty cycle parameters where 0 < Ton ≤ Ton_max, Toff_min ≤ Toff ≤ 1000 and the values in Table 11 shall not be exceeded. 
Table 11: Limits for the maximum utilization of a single channel by the equipment
	Parameters
	Value
	

	Ton_max
	4 ms
	

	Toff_min
	25 ms
	

	duty cycle
	3 %
	

	
	
	



When the CBR is ≤ 62%, Toff is equal to Toff_min. When the CBR is > 62 %, Toff time shall be determined with Equation 2. 
,		(2)
  	NOTE: The rationale behind Equation 2 is outlined in TS 103 175 [6], Equation 1 in Clause 7.2.
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