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1. Introduction
In RAN1 #87 much progress was made on congestion control for V2V as summarized in Appendix A. In this paper, we provide our views on the FFS aspects as identified in the email discussion [87-17].
This paper organizes the discussion on the FFS aspects identified [87-17] as follows:
· CBR and CR measurements (section 2.1)
· CBR and CR measurement frequency and filtering
· CBR and CR measurement with multiple resource pools
· Radio-layer parameters for DCC (section 2.2)
· Inclusion of the resource reservation interval in the adaptation of radio parameters
· UE behaviour for DCC (section 2.3)
· Handling MAC PDUs with different priorities
· UE behaviour related to CR_limit
· Dropping packet transmissions
· Impact on sensing and resource selection procedure
· Congestion control for non-adjacent SA/data case

2. Congestion control for V2V
2.1. CBR and CR measurements
2.1.1. CBR and CR measurement frequency and filtering
The discussion question raised in [87-17] is as follows: 
Q: How frequently is CR measured and updated? Is it necessary to introduce any filtering on CR measurement? An example mentioned in the discussion was to measure CR prior to each transmission. Note that RAN1 agreed “RAN2 can discuss whether any high layer operation is needed on CBR measurement.”
In this subsection, we provide our views on this question and also extend the discussion it to include higher layer filtering discussion for both CR and CBR. We already agreed to a measurement widow of 100ms for CBR and 1000ms for CR. The need for higher order filtering is still FFS. If higher order filtering needs to be introduced, then it changes the way the physical layer measurements are performed. This is an important aspect that needs to be discussed in RAN1 as it greatly affects the DCC performance (simulation results provided below).
There are two ways to perform the physical layer measurements for CBR and CR:
1) Periodic, e.g., every 100ms. 
2) Sliding window measurement, e.g. using CR/CBR measured over [n-a-measurement_window, n-a] to perform congestion control for a transmission on subframe n.
If higher order filtering if needed, then the physical layer need to provide the measurement every measurement period. This gravitates towards having periodic measurements at the physical layer that are then fed to upper layer. With a sliding window measurement and use relative to the actual transmission subframe (that may not be known apriori), specifying higher order filtering is somewhat intractable.
The question is then how (1) and (2) above compare in performance? We provide the simulation results comparing (1) and (2) for CBR measurements showing that periodic measurement can significantly impact the performance of DCC due to oscillations in the resulting CBR of the system. This is because with periodic measurements many UEs in proximity will react to congestion level it saw many subframes back and not adapt to the latest congestion level at the time of transmission. CBR fluctuates since a fraction of the UEs in proximity are reacting to congestion in the same way (backoff or transmit) without adapting to each other reacting within the measurement window. The PRR performance is impacted due to the fluctuations beyond the desired operating CBR point.
Detailed simulation assumptions (e.g., CR limit table) are as specified in our prior contribution R1-1611594.

	Scheme (1): Periodic CBR measurement
(CBR measured every 100ms; random (uniform) offset among UEs)
	Scheme (2): Sliding window CBR measurement
(CBR measured over [n-101, n - 1] relative to transmission on subframe n)
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Figure 1: CBR vs Time for urban 15kmphr with periodic CBR measurement.
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Figure 2: CBR vs Time for urban 15kmph with sliding window CBR measurement
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Figure 3: PRR vs Distance for urban 15kmphr comparing periodic vs sliding window CBR measurement



Based on the above results, we propose that sliding window measurement of CBR and CR should be adopted. Furthermore, we propose no need for higher-order filtering. This is because having higher order filtering along with sliding window measurements at physical layer is intractable for implementation. Further, simulation results (Figure 4 and Figure 5) show that performance of DCC with higher-order filtering is inferior to when no such filtering is done.
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[bookmark: _Ref473824546]Figure 4: PRR vs Distance for urban 15kmphr comparing HO filtering for CBR measurements.
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[bookmark: _Ref473824548]Figure 5: PRR vs Distance for freeway 70kmphr comparing HO filtering for CBR measurements



Based on the discussion and simulation results, we make the following observations and proposals.
Observation 1: There are two ways to perform physical layer measurements for CBR and CR:
1. Periodic (e.g., every 100ms)
2. Sliding window measurements (and using CR/CBR measured over [n-a-measurement_window, n-a] to perform congestion control for a transmission on subframe n)
Observation 2: Periodic measurement for CBR leads to oscillations in congestion level in steady state.
Observation 3: DCC performance is best when using sliding window CBR and CR measurements, with no HO filtering.
Proposal 1: CBR and CR are both measured prior to each transmission by the UE (on subframe n)
· CBR is measured on [n-a-100, n-a]. Example, a = 4
· CR is measured on [n-b-1000, n-b]. Example b = 0
Proposal 2: No L3 filtering is specified for CBR and CR is utilized for DCC. 
2.1.2. CBR and CR measurements with multiple resource pools
The discussion question raised in [87-17] is as follows: 
Q: How does a UE measures CBR and CR when multiple pools are configured (e.g., per-pool measurement or cross-pool measurement)? Does a UE measure CR and/or CBR on exceptional pools?
In our view, the CBR and CR measurements should be done per-pool. The radio-resource parameters are also configured per-pool (as already agreed in RAN1). 
For exceptional pool, we agreed that there is no sensing operation. Furthermore, the UE is expected to utilize the exception pool for a short duration. When the UE starts to use the exceptional pool, it’s CR is anyways zero and will hence not trigger the DCC operation. The DCC operation will get triggered only if the UE continues to use the exceptional pool for a long duration, which is not an expected behaviour. Hence we propose that UE does not need to measure CBR and CR on exception pool.
Proposal 3: CBR and CR are measured per-pool with DCC done on a per-pool basis as well.
Proposal 4: CBR, CR measurements and DCC are not needed for an exception pool.

2.2. Radio layer parameters for DCC
2.2.1. Inclusion of resource reservation interval 
The discussion question raised in [87-17] is as follows: 
Q: Is it necessary to include the resource reservation interval in the radio parameters to be adjusted in the congestion control? If so, please provide any details of the parameter configurations.
In our view, it’s up to application layer to decide the periodicity and should not be mixed with the access layer congestion control. At the access layer, we already agreed to include CRlimit as they method to control the fraction of radio resources over time that the UE is allowed to use. At the access layer the UE should continue to use the radio reservation interval desired by the application. Long-term changes to message periodicity should be handled by application layer DCC. 
Proposal 5: Do not include resource reservation interval in the list of DCC related radio layer parameters.

2.3. UE behaviour for DCC
2.3.1. Handling of MAC PDUs with different priorities
The discussion question raised in [87-17] is as follows: 
Q: How does the UE apply the per-PPPP transmission parameter values to the congestion control when it transmits MAC PDUs with different priorities? An example mentioned in the discussion was to define CR for each PPPP.
We first provide an example to motivate our proposal. 
Example: Assume a UE has packets of two priorities (P1, P2) with priorities P1<P2. The UE measures the CR usage per PPPP as CRP1 and CRP2, respectively. DCC parameters give the CRlimits configured for PPPP P1 and P2 as CRlimitP1 and CRlimitP2, respectively. 
If the UE is transmitting both P1 and P2 packets, we propose the UE ensure the following limits:
· CRP1 < CRlimitP1
· CRP1 + CRP2 < CRlimitP2
This proposal ensures the following principles central to fairness in the system:
1. For packets of a given PPPP, the maximum congestion level caused by packets with that PPPP is the same across UEs
2. For UEs transmitting packets with priorities less than a given PPPPmax, the maximum congestion level caused by all the transmissions is same across the UEs. 
Note that with the above proposal, it’s up to UE how to distribute the utilization between P1 and P2 packets to meet the limit above. Allocation of (P1 packets, P2 packets) = (CRlimitP1, CRlimitP2 - CRlimitP1) or (0, CRlimitP2 - CRlimitP2) or in general (x <= CRlimitP1, CRlimitP2 - x) are all feasible.
Based on the above example, we make the following (generalized) proposal.

Proposal 6: The UE measures CR per PPPP and shall ensure that per PPPP k being transmitted by the UE (where suffix i and k denote the PPPP of a packet in increasing priority order).

2.3.2. UE behaviour related to CRlimit
The discussion question raised in [87-17] is as follows: 
Q: How will the specifications describe the detailed UE behavior related to CR_limit?
We propose the UE behaviour can be specified as follows.
Proposal 7: Prior to each transmission, the UE checks its measured CR relative to the CBRlimit (as obtained from the measured CBR).
· If CR <= CRlimit, no adjustment to radio layer parameters is needed (normal operation).
· If CR > CRlimit, UE adjusts the radio layer parameters for the transmission to be within the CRlimit or drop the transmission if the limit cannot be met (up to UE implementation)
2.3.3. Dropping packet transmissions
The discussion question raised in [87-17] is as follows: 
Q: Is it necessary to specify packet dropping procedure in the congestion control? If so, what is the detailed procedure?
Based on the proposal in 2.3.2 above, no further specification related dropping of packets is required.

2.3.4. Impact on sensing and resource selection procedure
The discussion question raised in [87-17] is as follows: 
Q: Is it necessary to modify the sensing and resource selection procedure when the congestion control is used? If so, what is the detail of necessary change? For example, is resource reselection triggered when radio parameters change as a consequence of congestion control?
In our view, resource selection procedure and congestion procedure are independent. The agreed reselection triggers enable a robust operation even with active congestion control. This is confirmed by our simulation results shown in Section 2.1.1 where DCC combined with current sensing and resource selection procedure is able to meet the CR requirements and improve the PRR performance. Hence we should not introduce any dependency between the two procedures in specifications.  
Proposal 8: Do not introduce any dependency between sensing/resource selection procedure and congestion control procedure.
 
2.3.5. Congestion control for non-adjacent SA/Data
The discussion question raised in [87-17] is as follows: 
Q: It was agreed that separate CBR is measured on SA pool and data pool when non-adjacent SA/data transmission is configured. How does the congestion control operate in such a configuration?
The idea of having separate CBR measurement for SA and Data pool (for the non-adjacent case) is because CBR for SA can be very different than CBR of the data pool. Furthermore, the DCC operation is also different.
· If SA pool is congested, the only way to reduce congestion is to drop transmissions
· If Data pool is congested, either radio resource parameters can be adapted (e.g., increase MCS etc.) or drop transmissions is the CRlimit can still not be met.
From congestion control specification perspective, however, additional specification is not needed. It is clear that only a subset of the radio layer parameters can be adapted (i.e. only transmit power) for SA pool.
Congestion control should then be done independently for the SA pool and Data pool. Note this can be viewed as a separate resource pool case (separate CBR and CR measurements, separate congestion control). The radio layer parameter can be common for SA/Data pools, however, only a subset of parameters apply for SA pool (CR limit and tx power).
Proposal 9: For non-adjacent SA/Data, congestion control is done separately on SA pool and Data pool respectively (i.e. using separate CBR (already agreed) and CR measurements)
8	Conclusion
In this contribution we made the following proposal and observations.
(CBR and CR measurements)
Observation 1: There are two ways to perform physical layer measurements for CBR and CR:
3. Periodic (e.g., every 100ms)
4. Sliding window measurements (and using CR/CBR measured over [n-a-measurement_window, n-a] to perform congestion control for a transmission on subframe n)
Observation 2: Periodic measurement for CBR leads to oscillations in congestion level in steady state.
Observation 3: DCC performance is best when using sliding window CBR and CR measurements, with no HO filtering.
Proposal 1: CBR and CR are both measured prior to each transmission by the UE (on subframe n)
· CBR is measured on [n-a-100, n-a]. Example, a = 4
· CR is measured on [n-b-1000, n-b]. Example b = 0
Proposal 2: No L3 filtering is specified for CBR and CR is utilized for DCC. 
Proposal 3: CBR and CR are measured per-pool with DCC done on a per-pool basis as well.
Proposal 4: CBR, CR measurements and DCC are not needed for an exception pool.

(Radio layer parameters for DCC)
Proposal 5: Do not include resource reservation interval in the list of DCC related radio layer parameters.

(UE behaviour for DCC)

Proposal 6: The UE measures CR per PPPP and shall ensure that per PPPP k being transmitted by the UE (where suffix i and k denote the PPPP of a packet in increasing priority order).
Proposal 7: Prior to each transmission, the UE checks its measured CR relative to the CBRlimit (as obtained from the measured CBR).
· If CR <= CRlimit, no adjustment to radio layer parameters is needed (normal operation).
· If CR > CRlimit, UE adjusts the radio layer parameters for the transmission to be within the CRlimit or drop the transmission if the limit cannot be met (up to UE implementation)
Proposal 8: Do not introduce any dependency between sensing/resource selection procedure and congestion control procedure.
Proposal 9: For non-adjacent SA/Data, congestion control is done separately on SA pool and Data pool respectively (i.e. using separate CBR (already agreed) and CR measurements)
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Appendix A: Agreements from RAN1#87
Agreement:
· 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 whether resource reselection is immediately triggered in the event of parameter adaptation

Agreement:
· 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 1000ms 
· RAN2 can discuss whether any high layer operation is needed on CR measurement.
· FFS how frequently CR is measured, updated and whether it is further filtered or not. 
· 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)
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