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1 Introduction

Congestion control is a key element for stability of V2X system. Till RAN1#87 meeting, the following agreements are agreed [1][2][3],
Agreements:
· Channel busy ratio (CBR) is defined for the congestion measurement over PC5 in V-UEs

· CBR is the portion of sub-channels whose S-RSSI exceed a (pre-)configured threshold observed during (working assumption: 100 ms).
· Only the sub-channels included in the resource pool are used for the measurement.

· FFS whether additional separated measurement is needed for SA pool.
· For a UE in Mode 3, the eNB indicates a set of resources on which the UE perform this measurement

· For a UE in Mode 4, the measurement is pool-specific.

· A UE measures at least on its current TX pool(s).

· FFS whether a UE measures on a pool which is not its current transmission pool.

· RAN1 will not optimize this measurement to address the case of multiple TX pools
· UE Reporting of CBR to eNB is supported

· Details up to RAN2 including any possible additional averaging at higher layer
· Send LS to RAN2/4 to inform this agreement.

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 which transmission parameters are (re)configured.

· 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  [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)

Then, in the email discussion [87-16], the following was agreed,
· Remove the bracket of [1000] ms in the occupancy ratio metric definition of CR.

· 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. 

· Confirm the working assumption on the set of radio-layer parameters

· FFS whether resource reservation interval needs to be included.

· Include the above two FFS in the 2nd email discussion [87-17] and/or RAN1#88.

So far, email discussion [87-17] is still ongoing. Hence in this contribution, we provide our views on remaining issues on congestion control including those under discussion in [87-17]. 
2 Discussions
According to the agreements made in RAN1 meetings, CR is a metric calculated by the transmitter UE and the transmission parameters are adjusted within the range to meet the CR limit. To allow timely adaptation of the parameters, we prefer that CR could be calculated per each transmission. The window for CR calculation should include past subframes, current subframe (n) and future subframes. The above future subframes occupation is estimated according to UE’s resource reservation. The reason is to take into account certain upcoming transmissions, which will give UE more freedom controlling resource occupation.  For example, if UE transmit many data right before subframe n and high CBR is measured at subframe n, without considering some upcoming transmissions, UE transmission may be completely blocked for a while, it is then harmful to V2X services. We are open to discuss whether high layer filter needed for CR. A common scheme may be used to CBR and CR.

To support PPPP based congestion control, it is necessary to define CR/CR limit related to priority. Otherwise, high priority data may be dropped due to excessive transmission of low priority data. In priority-based communication, it is straightforward to allow a high priority packet preempt a low priority packet. Hence restrict CR/CR limit to a particular PPPP is not straightforward. In brief, CR corresponding to PPPP m should include the sub-channel occupations for all packets with PPPP <= m, while CR limit corresponding to PPPP m should be the upper limit for CR corresponding to PPPP m.
Proposal 1:

· CR could be calculated per each transmission. The window for CR calculation should include past subframes, current subframe (n) and future subframes 

· CR corresponding to PPPP m should include the sub-channel occupations for all packets with PPPP <= m, while CR limit corresponding to PPPP m should be the upper limit for CR corresponding to PPPP m 

To allow quick reaction of congestion, a UE should examine the congestion level before each data transmission. However, congestion control should not trigger resource reselection. Otherwise, many UEs those observing higher CBR may trigger resource reselection at the same time, which results in high probability of collisions. Therefore, under congestion control, UE should continue use the ongoing reserved resource until resource reselection triggered by other conditions. 

Assuming UE already does a resource selection and is currently using the reserved resources for transmission, the UE UE could use a subset of the reserved resources if CR becomes higher than CR limit. Several options could be considered. UE could reduce number of PSSCH RB but still transmit on all reserved resources. In this way, SA of the UE is a means to block other UEs from using the PSSCH RBs hence better avoid collisions. Alternatively, UE could reduce the number of transmission or even drop a packet completely. In case packet dropping, a UE will not transmit on a resource reserved by a SA and a UE will later transmit on a resource not reserved by SA, which may result in performance degradation. Since CR limit is configured, exact behavior on which packet(s) can be dropped is up to implementation. 
When a UE needs to do resource reselection, the resource are selected by the transmission parameters (except for CR limit) determined by current (CBR, priority). By this way, more aggressive resource allocation might be done by UE. It is then possible that UE only actually transmits on a subset of reserved resource to make CR < CR limit. On the other hand, if the trend of CBR is decreasing, it allows the UE to occupy more reserved resource or even all reserved resource, hence better V2X transmission under CR limit is achieved.   
Proposal 2:

· Congestion control should not trigger resource reselection 
· If CR limit is exceeded, UE could work on a subset of currently reserved resources, including reduction of number of PSSCH RB, number of retransmissions, and/or dropping packets
· When a UE needs to do resource reselection, the resource are selected by the transmission parameters (except for CR limit) determined by current (CBR, priority)
Another issue related to congestion control is power control. In the exiting specification UE transmission power of PSCCH and PSSCH are subject to open loop power control where the maximum transmission power is PCMAX. If congestion control is enabled, maximum transmission power is further restrained per (CBR, priority). A simple way is that UE should scale down the Tx power of PSCCH and PSSCH calculated according to open loop power control so that the accumulated power is lower than the max Tx power corresponding to the current (CBR, priority). For the SA and data non-adjacent case, the benefit of using CBR of SA pool for congestion control is not clear, and hence we prefer that all specified congestion control behavior should be based on CBR of data pool.  Hence the CBR of data pool should be used to derive max Tx power.
Proposal 3:

· UE should scale down the Tx power of PSCCH and PSSCH calculated according to open loop power control so that the accumulated power is lower than the max Tx power corresponding to the current (CBR, priority);
· CBR of data pool should be used to derive the max Tx power;
According to updated V2X WI [1], a related target is to design load balancing across multiple carriers. In brief, congestion can be well avoided by shifting excess traffic to a light-loaded carrier. To reduce specification effort, the resource pools on multiple carriers can be treated as a super resource pool, and then resource selection applies on the super resource pool. 

For an almost congested carrier, the number of resource survived after exclusion by SA and PSSCH-RSRP will be much less than another free carrier. Further ranking resource by S-RSSI also helps to find free resources. Therefore, when doing random reselection in 
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 of the supper resource pool, most candidates are actually from light-loaded carriers, which achieves load balancing. 
Proposal 4:

· A super resource pool is formed by the pools in multiple carriers and applies existing sensing based resource (re)selection

3 Conclusions
In this contribution, we provide our views on remaining issue on congestion control. We made the following proposals, 

Proposal 1:

· CR could be calculated per each transmission. The window for CR calculation should include past subframes, current subframe (n) and future subframes 

· CR corresponding to PPPP m should include the sub-channel occupations for all packets with PPPP <= m, while CR limit corresponding to PPPP m should be the upper limit for CR corresponding to PPPP m 

Proposal 2:

· Congestion control should not trigger resource reselection 
· If CR limit is exceeded, UE could work on a subset of currently reserved resources, including reduction of number of PSSCH RB, number of retransmissions, and/or dropping packets
· When a UE needs to do resource reselection, the resource are selected by the transmission parameters (except for CR limit) determined by current (CBR, priority)
Proposal 3:

· UE should scale down the Tx power of PSCCH and PSSCH calculated according to open loop power control so that the accumulated power is lower than the max Tx power corresponding to the current (CBR, priority);

· CBR of data pool should be used to derive the max Tx power;
Proposal 4:

· A super resource pool is formed by the pools in multiple carriers and applies existing sensing based resource (re)selection
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