3GPP TSG RAN WG1 Meeting #88	R1-1701726
Athens, Greece 13th - 17th February 2017

Agenda Item:	7.2.1.3
Source:	Huawei, HiSilicon
Title:	Remaining details of congestion control
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #87 meeting, the following working assumption was reached: [1].
· 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.
The working assumption was agreed during the email discussion [87-16]:
1. Confirm the working assumption on the set of radio-layer parameters
0. FFS whether resource reservation interval needs to be included.
In this contribution, we discuss some remaining issues of congestion control.  
Discussion
FFS whether resource reservation interval needs to be included.
We think it is crucial to include resource reservation interval as a radio-layer parameter in congestion control. The general congestion control framework defined by ETSI, a.k.a. DCC (Distributed Congestion Control), requires information exchange between the access layer and a number of upper layers via a standardized interface (between layers) and standardized information formats. We note these functionalities were developed at that time to work efficiently with one specific technology, which may or may not be optimal when LTE-V2X is adopted as the access layer technology. While the general framework from ETSI may work, it is crucial to have congestion control functionalities at the radio-layer of 3GPP. We note that this will provide improved congestion control for LTE-V2X and will outperform any DCC-type congestion control mechanisms 
In particular, having resource reservation interval as an adjustable parameter enables the UE to transmit V2X packets that bear more importance. For periodic traffic, the traffic model is one 300-byte message followed by four 190-byte messages. The larger packet includes a full certificate while the smaller packets contain the corresponding certificate signatures or digests [3]. If the receiver has not received the packet containing the full certificate, the received packets containing the corresponding certificate signature may not be verifiable at the application layer. By adjusting packet periodicity, the small sized packet can be dropped while keeping the larger sized packet. The performance of the larger size packet can be ensured without changing transmission power or MCS level, and even improved by virtue of dropping the smaller sized packets which can reduce congestion level. 
Proposal 1: The resource reservation interval is included as an RRC parameter for congestion control.
When to do parameter adjustment
It was agreed that transmission parameters can be (re)configured based on the CBR (channel busy ratio) and priority. If the measured CBR is higher than a threshold, UE could adapt to a new set of transmission parameters from a lookup table based on its priority. Because the CBR varies with time, if the UE performs resource reselection immediately after the CBR changed, the frequency of resource reselection will result in the system becoming unstable. It is desirable that a CBR change does not trigger resource reselection, and the transmission parameters do not change during reservation period. 
Proposal 2: 
· CBR change does not trigger resource reselection immediately. 
· Transmission parameters are adjusted when performing resource reselection and kept unchanged during reservation period
How to apply CR_limit for congestion control.
CR (Channel Resource utilization) 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 1000ms. CR_limit is a maximum limit on occupancy ratio of the UE can use. There are two methods to use CR_limit for parameter adaptation.
· Method 1: for each packet transmission, the UE performs a CBR measurement and determine whether the resource used in the past 1000ms has exceeded CR_limit. If yes, the packet will be dropped. If not, the packet will be transmitted. 
· Method 2: CR_limit is only used in case of parameter adaptation. If the resource reselection is triggered, the CR_limit is found from a lookup table based on the measured CBR and priority. The parameters should be selected to fulfill the CR_limit requirement during the reservation period.
For method 1, if the resource usage is larger than CR_limit, it is possible that consecutive packets will be dropped. When packets are dropped, other UEs may sense the resource as available and select the resource, thus causing collision. Method 2 can ensure stable transmission during reservation period. In addition, the CR_limit requirement can also be fulfilled by selecting transmission parameters properly.
The performance of inter-packet time for method 1 and method 2 is shown in Figure 1. Compared to method 2, method 1 has larger inter-packet time which will result in consecutive packet dropping. Suppose that the channel becomes congested (as measured by CBR) at time n such that congestion control is activated afterwards. Given that UE performs no congestion control before time n, CR measurement in the time interval of [n-1000, n] will most likely be much larger than the corresponding CR_limit. A consequence is that the UE is forced to drop packets consecutively, skipping several transmission opportunities, and resumes transmission once the measured CR is lower than the corresponding limit. One illustration is shown in Figure 2. In comparison, for method 2, all UEs are aware of the adjusted packet reservation interval, and packet transmission is evenly distributed within the reservation period. 
[image: ]
[bookmark: _Ref473052633]Figure 1. Performance of inter packet time

 
[bookmark: _Ref473053994]Figure 2. illustration of continuous packet dropping
Observation 1: Method 1 can cause consecutive packets dropping.
Observation 2: Method 2 responds to congestion predictably with explicit notification via adjusted resource reservation interval, leading to better performance of inter-packet time. 
Proposal 3: 
· CR_limit is considered when performing resource reselection.
· Transmission parameter selection ensures that the resource utilization within reservation period is less than CR_limit.
Congestion control for P-UE
P-UEs can either perform partial sensing or random resource selection. In this section, we examine both cases.
· Case 1: P-UE with partial sensing
The congestion control mechanism of V-UE can also be applied for P-UE. Because of partial sensing capability, P-UE can perform CBR measurements of a limited set of subframes within per 100ms. In this case, the CBR definition is modified as: CBR is the fraction of sub-channels whose S-RSSI exceeds a (pre-) configured threshold observed during a limit set of subframes within 100ms. Based on the measured CBR, P-UE adapts parameters in case of resource reselection and the selected transmission parameters should fulfill CR_limit requirement. 
· Case 2: P-UE with random resource selection
P-UE with random resource selection cannot perform CBR measurements because of no sensing capability. In this case, P-UE cannot perform congestion control autonomously. If there is overlapping between the resource pool with sensing and resource pool with random selection, the V-UE or P-UE with partial sensing may be able to perform CBR measurement of the random reselection resource pool. If there is congestion, the V-UE and P-UE with partial sensing can perform parameter adaptation or change to another resource pool which is less congested to alleviate the congestion level of the resource pool with random selection. For in-coverage scenario, the CBR measurement of V-UE can be reported to eNB. P-UE without sensing capability can adapt parameters with assistance from the eNB.
Proposal 4: 
· The congestion control mechanism of V-UE can be applied to P-UE with partial sensing capability.
· For P-UEs, CBR is defined as the fraction of sub-channels whose S-RSSI exceeds a (pre-) configured threshold observed during a limit set of subframes within 100ms
· In case of in-coverage, P-UE without partial sensing capability can perform parameter adaptation with assistance from the eNB.

Simulations
In this section, the performance of LTE-V with and without congestion control is compared. The congestion control scheme is to adjust transmission periodicity based on the measured CBR. Transmission periodicity is only adapted in case of resource reselection and without change within reservation period. Transmission periodicity is adapted to fulfill the CR_limit requirement. Detailed simulation setting is shown in the Appendix. CR_limit corresponding to the measured CBR is shown in the following table [4] 
Table 1. Measured CBR and CR_limit
	CBR measured x
	CR_limit

	x ≤ 0.65
	no limit

	0.65< x ≤ 0.675
	1.6e-3

	0.675< x ≤ 0.7
	1.5e-3

	0.7< x ≤ 0.725
	1.4e-3

	0.725< x ≤ 0.75
	1.3e-3

	0.75< x ≤ 0.775
	1.2e-3

	0.775< x ≤ 0.8
	1.2e-3

	0.8< x ≤ 0.825
	1.1e-3

	0.825< x ≤ 0.85
	1.1e-3

	0.85< x ≤ 0.875
	1.0e-3

	0.875< x
	0.8e-3



[bookmark: _GoBack]Two scenarios are simulated with different vehicle densities to show the performance improvement of congestion control. The notation VUE=753, 540, 386 is the total number of vehicles in the simulated area, which corresponds to different inter-vehicle distance. The results show that the CBR can converge to the target value. The PRR performance can be improved by congestion control. The period CDF figure shows that more vehicles increase the transmission period in denser scenario. 
Observation 3: 
· The CBR converges to the target value with the proposed long-term congestion control mechanism.
· The PRR performance is improved with congestion control. The gain increases as vehicle density grows.
Freeway 70km/h
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	(b) PRR performance
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	(c) CDF of transmission periodicity


Figure 3. Performance comparison between with and without congestion control for freeway 70km/h

Urban 15km/h
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	(c) CDF of transmission periodicity


Figure 4. Performance comparison between with and without congestion control for urban 15km/h
Conclusion 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, remaining details of congestion control are discussed. The simulation results show that the performance can be improved by congestion control. The following observations and proposals are given.
Observation 1: Method 1 can cause consecutive packets dropping.
Observation 2: Method 2 responds to congestion predictably with explicit notification via adjusted resource reservation interval, leading to better performance of inter-packet time. 
Observation 3: 
· The CBR converges to the target value with the proposed long-term congestion control mechanism.
· The PRR performance is improved with congestion control. The gain increases as vehicle density grows.
Proposal 1: The resource reservation interval is included as an RRC parameter for congestion control.
Proposal 2: 
· CBR change does not trigger resource reselection immediately. 
· Transmission parameters are adjusted when performing resource reselection and kept unchanged during reservation period
Proposal 3: 
· CR_limit is considered when performing resource reselection.
· Transmission parameter selection ensures that the resource utilization within reservation period is less than CR_limit.
Proposal 4: 
· The congestion control mechanism of V-UE can be applied to P-UE with partial sensing capability.
· For P-UEs, CBR is defined as the fraction of sub-channels whose S-RSSI exceeds a (pre-) configured threshold observed during a limit set of subframes within 100ms
· In case of in-coverage, P-UE without partial sensing capability can perform parameter adaptation with assistance from the eNB.
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Appendix
Table 2. Simulation assumptions
	Carrier frequency
	5.9GHz

	Bandwidth
	10MHz

	Subchannel size
	5 PRB

	SA/data multiplexing scheme
	Non-adjacent

	Resource allocation
	15PRB for both 190 and 300 bytes

	Retransmission
	no

	Traffic period
	100ms

	Resource reservation interval
	[1 2 3 4 5 6 7 8 9 10] * 100ms

	CBR measurement window
	100ms (No layer 3 filtering)

	CR averaging window
	1000ms

	CBR resource busy threshold
	-107dBm/180kHz
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