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1 Introduction
Congestion control prevents the radio channel from being congested by too many transmissions within a certain geographical area. This is achieved by shaping the traffic arriving at the radio layer or by placing limits on several transmitter parameters based on the current channel occupancy level, which is measured using Channel Busy Ratio (CBR).
In RAN#74 the WID of LTE-based V2X Services includes the following objective [1]: 
	6)
 To specify other enhancements to PC5/Uu for V2X on the following aspects:

[…]
d)
Congestion control for PC5-based V2X including load balancing across multiple carriers [RAN1, RAN2, RAN4]

[…]


Congestion control was discussed in RAN1#87 and following agreements have been reached.

	RAN1#87 Agreements on CBR measurement
· Confirm the WA (100ms in absolute time) of CBR measurement duration:

· RAN2 can discuss whether any high layer operation is needed on CBR measurement.
· Additional measurement for SA pool is supported for SA-data non-adjacent case.

· A V-UE measures all the resource pools configured as transmission pools.

· FFS measurement on exceptional pools.

· It is up to RAN2 how to report multiple measurements.
· Adaptation of the allowed set of values of radio-layer parameters is supported for congestion control.
· Both eNB-assisted and UE autonomous transmission parameter (re)configuration are supported

· Transmission parameter (re)configuration based on CBR and priority are supported
· FFS which transmission parameters are (re)configured.

· FFS whether resource reselection is immediately triggered in the event of parameter adaptation


	RAN1#87 Agreements on Congestion Control 

· An occupancy ratio metric is defined
· CR is defined as the total number of sub-channels used by the UE for its transmissions divided by the total number of configured sub-channels over a measurement period of [1000]ms 
· Working assumption: The set of radio-layer parameters whose allowed values can be restricted by congestion control are the following:

· Maximum transmit power (including zero power transmission)

· Range on number of retransmissions per TB

· Range of PSSCH RB number (according to subchannel size)

· Range of MCS

· Maximum limit on occupancy ratio (CR_limit)
· FFS whether resource reservation interval needs to be included.
· Lookup table links CBR range with values of the transmission parameters for each PPPP

· Can be configured or preconfigured. Details up to RAN2. 

· Up to 16 CBR ranges are supported

· FFS details of UE behavior, e.g., 
· When the UE transmits MAC PDUs with different priorities.

· When and how the UE drops packet transmissions 
· Any possible impact on sensing and resource selection procedure (e.g., caused by CR_limit)


In this paper we discuss the congestion control architecture, protocols for sidelink-based V2X and their impacts to RAN2 specification.
2 Discussion

In this contribution, we discuss more in detailed RAN2 RRC impact due to the introduction of a sidelink congestion control mechanism.
2.1 Congestion control mechanisms
The primary goal of the congestion control framework is to maintain an acceptable local system load and to allow for efficient sidelink operation. As shown in Figure 1, we observe that the congestion control can be implemented in a hybrid fashion combining higher-layers and radio-level adjustments based on the measured CBR value. Some of the above transmission aspects are under control of the application or other layers above radio, e.g., adjusting the generation frequency of CAM and/or DENM packets or shaping the arrival rate of packets to the radio layer [2]. Other transmission aspects are within the radio domain, e.g., adjusting TX parameters based on PPPP and the measured CBR value, as agreed in RAN1. 
Observation 1 Congestion control is implemented partly above radio and partly at radio-level.
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Figure 1: Congestion control framework overview.
2.1.1 CBR measurement

Based on the RAN1 agreement as follows:
	· Confirm the WA (100ms in absolute time) of CBR measurement duration:

· RAN2 can discuss whether any high layer operation is needed on CBR measurement.


CBR is measured every 100 ms, which consists of sufficient measurement probes, i.e. up to 100, and matches the typical 100 ms periodicity of V2X message very well. 
In Section 6.3.8 of SAE J2945-1 [3], the measured Channel Busy Percentage (CBP) is first smoothed using a filtering formula, which is like the Layer-3 filtering function defined in TS 36.331, before being used for congestion control of Basic Safety Message (BSM) transmission
. Therefore, given such similarity, we propose layer-3 filtering as defined in the Layer-3 filtering function of TS 36.331.

Observation 2 SAE J2945-1 applies filtering formula to smooth the channel busy percentage (CBP) in congestion control for Basic Safety Service (BSM) message transmission.
Proposal 1 Layer-3 filtering can be used to CBR measurement results from the lower layers.

For the measurement object, here we should differentiate between two cases as section 2.1.1.1 and 2.1.1.2.
2.1.1.1 CBR measurement initiated by UE itself

Here this subsection is applicable to UEs in both RRC_IDLE and RRC_CONNECTED UEs， and it is agreed in RAN1 that
	· A V-UE measures all the resource pools configured as transmission pools.

· FFS measurement on exceptional pools.


Considering that Pedestrian UEs (P-UE) may not have Rx chains on the PC5 interface, or even if with available Rx chain, is not capable of CBR measurement due to energy efficiency concerns (which motivates the partial sensing operation by P-UE), the CBR measurement which is mandatory for V-UE, should be optional requirement for P-UE.

Proposal 2 For P-UE, it is optional to support CBR measurement.
As agreed by RAN1, V-UE needs to measure all the resource pools configured as transmission pool, so that radio layer parameters adaptation should be done for each sidelink transmission. According to [5],
	Decentralized congestion control (DCC) is a mandatory mechanism to be used by the equipment using the access layer technology based on IEEE 802.11-2012 [i.9] to ensure that the radio channel is not congested by too many transmissions within a certain geographical range. The mechanism is such that the equipment adapts its transmission behaviour dynamically based on how occupied the channel is at the moment.

NOTE:      The DCC limits and mechanisms provided are based on IEEE 802.11-2012 [i.9] but other technologies need congestion control functionality.


The requirement of congestion control should be applied to all resource pools at the ITS spectrum including exceptional pool, since the congestion control functionality is required by ETSI on the whole ITS spectrum without differentiating resource pools (defined in 3GPP).

Proposal 3 Radio layer parameter adaptation based on CBR value should be done for all TX pools including exceptional pool.
2.1.1.2 CBR measurement configured by eNB

For RRC_CONNECTED UEs, eNB is aware of its Rx chain capability, so that it can be up to eNB implementation to decide which resource pool(s) a UE is configured to measure on. It is not necessary to limit to the transmission pool of the UE its own as indicated in Proposal 3, but can cover the resource pools used by other UE (e.g., without Rx chain) or resource pools located at other carriers as well. It is beneficial for the network to acquire the congestion status of the whole system.
Proposal 4 It is up to eNB implementation to configure which resource pools the UE should measure CBR for.
For the CBR measurement report to eNB, legacy LTE measurement and report framework defined in TS 36.331 can be reused, e.g., the eNB can configure the UE to report CBR measurement either in a periodic way or triggered by certain events, e.g. when the measured CBR value at the UE exceeds certain thresholds. It is helpful to reduce the signalling overhead if the congestion status is rather stable compared to the periodical report.
Proposal 5 Both periodic and event-based CBR measurements are specified.
For the detailed implementation on the measurement and report configuration:

· For CBR measurement configuration: It may include the configuration of resource pool, S-RSSI threshold and the mapping table for radio layer parameters. Considering these parameters are to be used by RRC_IDLE and RRC_CONNECTED UE, they should be included in SIB and RRC dedicated signalling, respectively for the two different types of UEs. 

· For CBR report configuration: It is may include the detailed configuration of report triggers. Considering these parameters are to be used for RRC_CONNECTED UE only, they should be included in RRC dedicated signalling only, reusing the legacy configuration framework, i.e., using measurement ID to associate CBR measurement object and CBR report configuration.

Proposal 6 Use RRC dedicated signalling to carry CBR report configuration.
2.1.2 Congestion control above radio layers

Details about how the higher layers adjust their parameters to control congestion are outside 3GPP scope. Nevertheless, the radio layers provide the CBR measurement to higher layers as agreed at RAN1#85. 
	· 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.


As shown in Figure 1, depending on how the congestion control functionality is realized, either distributed at each UE or at a center central network node, we can distinguish two types of congestion control that can operate over the top, namely Decentralized Congestion Control (DCC) and Centralized Congestion Control (CCC). It is responsible for adjusting the generation frequency of CAM and/or DENM packets or shaping the arrival rate of packets to the radio layer, as indicated in Annex B.
Observation 3 High layer congestion control is supported by OTT functionalities taking the CBR measurement from the radio layers as an input.

Observation 4 High layer congestion control functionality is responsible for packet dropping.
And it is the responsibility of access stratum to provide the CBR measurement to high layer congestion control functionality as input.

Proposal 7 AS makes the CBR measurements available for higher layers for the purpose of performing congestion control.

2.1.3 Congestion control at radio layers

As shown in Figure 1, in radio-level congestion control, the CBR measurement should play a role together with the PPPP in determining the physical layer parameters. Firstly, for UEs working in mode-3, the resource scheduling and radio-layer parameter configuration are performed by eNB. Also the eNB can adapt radio-layer parameters based on the reported CBR measurement from UEs, and include the parameters via DCI. The input of this eNB-controlled parameter adaptation is the CBR measurement report from RRC_CONNECTED UEs.

Observation 5 The eNB can adapt radio-layer parameters for mode-3 based on CBR reports. 

Therefore, that the look-up table is mainly applicable to UEs in mode-4. As the working assumption agreed in RAN1#87, 

	· Lookup table links CBR range with values of the transmission parameters for each PPPP


Considering there could be traffic of multiple PPPP levels within a single MAC PDU transmission, yet one set of layer 1 parameter to adapt to by using the look-up table, RAN2 should decide how this selection should be done. We believe the simplest approach is to select the lowest PPPP value
 in a MAC PDU when selecting radio layer parameters, considering we cannot either rely on the highest priority value in a MAC PDU which would means more conservative resource occupancy limitation, or we cannot split physical layer parameter (power, PRB) between MAC SDUs.
Proposal 8 UE adapts the radio layer parameters based on the lowest PPPP value of a MAC PDU.
Based on the measured CBR and PPP value, the set of radio-layer parameters whose values can be restricted by congestion control include:

1) Maximum transmit power (including zero power transmission);

2) Range on number of retransmissions per TB;

3) Range of PSSCH RB number (according to subchannel size);

4) Range of MCS;

5) Maximum limit on occupancy ratio (CR_limit), etc. 

6) FFS whether resource reservation interval needs to be included.
Among the list above, 1) transmit power and 4) range of MCS can be adapted per MAC PDU transmission, while other parameters like 2) range on the number of retransmissions per TB, 3) range of PSSCH RB number, and 5) occupancy ratio which is related to the occupied RB number can only be adapted per grant, i.e., for the grant of multiple MAC PDU, the adaptation is only allowed when a new grant is generated at resource reselection. Therefore, it is proposed to adapt the parameters in a corresponding way.

Proposal 9 Adapt transmit power and MCS range per MAC PDU transmission.

Proposal 10 Adapt re-transmission number, PSSCH RB number range and occupancy ratio per grant.

Furthermore, even though Proposal 8 solves the problem of multiple PPPP value within one MAC PDU, for grant generated for multiple MAC PDU, UE can be only aware of MAC SDU and the associated PPPP values of the first MAC PDU when deciding on 2) and 3), i.e., the MAC SDU and the associated PPPP value may change for the following MAC PDUs carried by the same grant. For example, a MAC PDU carrying a higher PPPP value may cause a more conservative radio layer parameter set, in this case, the corresponding MAC PDU may be dropped so that not go against the CBR look up table.
Proposal 11 Drop the MAC PDU if the configured grant goes against the radio layer parameter requirement.
For 5) Maximum limit on occupancy ratio (CR_limit), the definition is as follows according to RAN1.
	· An occupancy ratio metric is defined
· CR is defined as the total number of sub-channels used by the UE for its transmissions divided by the total number of configured sub-channels over a measurement period of [1000]ms 


This CR_limit is useful to solve the resource overbooking problem, yet one unclear aspect is that when calculate CR value in the 1000 ms measurement period, how to differentiate between different PPPP values. As shown in the following figure, assume there are altogether 3 MAC PDUs transmitted in the 1000ms measurement period, and different PPPP values are included in each MAC PDU.
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Figure 2 An example of CR calculation
In order to calculate the CR for the newly generated grant for MAC PDU1, considering that it includes traffic for both PPPP 1 and 2, UE has to calculate
· CR for PPPP 1: include PDU1 and PDU2;

· CR for PPPP 2: include PDU1 and PDU3;

And ensure that CR for PPPP1 and within the CR_limit for PPPP1, and CR for PPPP2 are within the CR_limit for PPPP2;

Proposal 12 Calculate CR based on the PPPP value of the traffic included in each MAC PDU.

And if due to the PPPP-specific CR_limit, one or more traffic type cannot be included in the newly generated MAC PDU, it should be skipped in the logical channel prioritization procedure.

Proposal 13 LCP skips the logical channel if it goes against the associated CR_limit. 
With respect to the following FFS
	· FFS whether resource reservation interval needs to be included.


There is little motivations to adapt resource reservation interval since:

· The resource occupancy ratio is defined in a way to control the resource usage in both time and frequency (subchannel) domain, so that less need to further restrict resource usage on time domain only;

· Considering the resource reservation interval is to be decided considering the traffic arrival time, which is independent of channel congestion status. 

· If traffic arrives frequently, and channel is congested, the solution would be to restrict PRB numbers to prioritize the high priority traffic, instead of enlarging the resource reservation interval.
Proposal 14 Resource reservation interval is not adapted based on the CBR value.
Considering the existence of P-UE without PC5 Rx chain, or even if with Rx chain yet cannot always measure CBR due to the concern of energy efficiency, they are incapable of radio layer parameter adaptation based on CBR value. One way to solve this is to restrict the radio layer parameter for this type of P-UE separately. Besides the radio layer parameter entries of every specific CBR value range (altogether 16), an additional entry can be added for the all possible CBR value.
Proposal 15 Additional radio layer parameter set is defined for UEs who cannot measure CBR values.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Congestion control is implemented partly above radio and partly at radio-level.
Observation 2
SAE J2945-1 applies filtering formula to smooth the channel busy percentage (CBP) in congestion control for Basic Safety Service (BSM) message transmission.
Observation 3
High layer congestion control is supported by OTT functionalities taking the CBR measurement from the radio layers as an input.
Observation 4
High layer congestion control functionality is responsible for packet dropping.
Observation 5
The eNB can adapt radio-layer parameters for mode-3 based on CBR reports.


Based on the discussion in section 2 we propose the following:
Proposal 1
Layer-3 filtering can be used to CBR measurement results from the lower layers.
Proposal 2
For P-UE, it is optional to support CBR measurement.
Proposal 3
Radio layer parameter adaptation based on CBR value should be done for all TX pools including exceptional pool.
Proposal 4
It is up to eNB implementation to configure which resource pools the UE should measure CBR for.
Proposal 5
Both periodic and event-based CBR measurements are specified.
Proposal 6
Use RRC dedicated signalling to carry CBR report configuration.
Proposal 7
AS makes the CBR measurements available for higher layers for the purpose of performing congestion control.
Proposal 8
UE adapts the radio layer parameters based on the lowest PPPP value of a MAC PDU.
Proposal 9
Adapt transmit power and MCS range per MAC PDU transmission.
Proposal 10
Adapt re-transmission number, PSSCH RB number range and occupancy ratio per grant.
Proposal 11
Drop the MAC PDU if the configured grant goes against the radio layer parameter requirement.
Proposal 12
Calculate CR based on the PPPP value of the traffic included in each MAC PDU.
Proposal 13
LCP skips the logical channel if it goes against the associated CR_limit.
Proposal 14
Resource reservation interval is not adapted based on the CBR value.
Proposal 15
Additional radio layer parameter set is defined for UEs who cannot measure CBR values.
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5 Annex A
5.1 Smooth Channel Busy Percentage (CBP) calculation in SAE J2945/1 [3] 
· Smooth Channel Busy Percentage (CBP): The System calculates the smooth CBP based on RawCBP to reduce the impact of measurement noise as follows: 
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Where, vCBPWeightFactor is the weight factor, RawCBP(k) is the measured CBP value at measurement time step k. 
6  Annex B

Gate-keeping function in draft ETSI TS 102 687 V1.1.2 (2014-01) [4]. 
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Figure 3: ETSI DCC Gate-keeping function

The data packet shaping functionality is specified in draft ETSI TS 102 687 [4] for congestion control on the top of radio layer. Multiple DCC queues are maintained in this functionality based on packet priorities. A gate-keeping function control the rate that packets are dequeued from the DCC queues based on the channel occupancy level indicated by the CBR measurement from the radio layer. A packet is dequeued only if there is no packet in other packet queues that have higher priority. If the “Emergency Flag” of the packet is set as true, which indicates an extremely urgent message, the packet can be forwarded directly to the radio layer bypassing the DCC queue.  

� � REF _Ref466049000 \h ��Annex A� of the present paper provides the formulas from SAE J2945-1 and TS 36.331


� Lower PPPP number meaning higher priority   
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