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1. Introduction
In RAN1 #87, the following agreements about congestion control for PC5-based V2X were made:

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)

Agreement:
· 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.

This contribution discusses the remaining issues on congestion control for PC5-based V2X. 
2. Discussions 
In this section, we summarize our view based on email discussion [87-17] V2X congestion control. 
Inclusion of resource reservation interval: We think that resource reservation interval in the radio parameters is not necessary. The appropriate resource reservation interval by congestion control can be naturally determined considering allowed resource size (RB size/retransmission numbers) as well as CR limit. For example, when there are 10000 subchannels (=10  subchannels*1000 ms) per second and CR limit for the UE is 0.2% (20 subchannels) and it is assumed that the subchannel (RB) size is 5~10 and # of retxs is one, then the reservation interval should be 250~500ms. It seems that the inclusion of resource reservation interval in radio parameters is redundant.
Proposal 1: Inclusion of reservation interval in radio layer congestion control parameter is not needed. 

Handling MAC PDUs with different priorities: When a UE transmit multiple MAC PDUs with different priorities, right operation is that higher priority packet should be able to use more resources than lower priority packet. Assume a UE has packets of two priorities (P1, P2) with priorities P1<P2. The UE measures the CR usage per PPPP as CR_P1 and CR_P2 respectively. We think that 

· When transmitting the lower priority packet, the UE shall ensure that CR_P1 < CRlimit_P1.

· When transmitting the higher priority packet, the UE shall ensure that CR_P1 + CR_P2 < CRlimit_P1+ CRlimit_P2.
Note that these conditions allow that higher priority packet can barrow CR of lower priority packet so that more flexible and fair resource utilization are possible. The approach can be generalized as follows:  
· UE measures the CR per PPPP

· Note: Existing agreements on CBR measurement will give the allowed CR limit per PPPP.

· The UE shall ensure the following limit is met per PPPP

· UE shall ensure for PPPP k,  
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· Suffix i and k denote the PPPP of a packet in increasing priority order
One additional note is that CRlimit_k is defined per PPPP in our understanding. However, if 
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 can be suitably configured by network, the same operation is possible. It seems that further discussion about the interpretation of CRlimit_k is needed. 
Proposal 2: Generalized proposal: 
· UE measures the CR per PPPP

· Note: Existing agreements on CBR measurement will give the allowed CR limit per PPPP.

· The UE shall ensure the following limit is met per PPPP

· UE shall ensure for PPPP k,  
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· Suffix i and k denote the PPPP of a packet in increasing priority order
Impact on sensing and resource selection procedure: It seems better that the current resource (re)selection conditions are kept and congestion control does not trigger immediate resource reselection. The reasons are as follows; Firstly, we think that congestion control is relatively long-term process. Dynamically triggering resource reselection for congestion control is not necessary. Secondly, if many UEs measures high CBR and trigger resource reselection at the same time, high resource collision will be occurred. In summary, when a reselection is triggered by current reselection conditions, UE can adjust resource at next reservation process reflecting the updated CR/CBR measurements. Furthermore, probabilistic resource reselection is applied in current specification, but for congestion control, UE should trigger resource reselection with probability one if current resource size (RB size, retx number and reservation period) is not appropriate.
Proposal 3: It is preferable that congestion control design does not affect the existing sensing and resource selection procedure.
CBR/CR measurement with multiple resource pools: CR/CBR measurement should be measured per pool basis. Detailed signaling can be discussed in RAN2. On exceptional pool, sensing may not be applied, so CBR measurement is not feasible.
Proposal 4: CBR/CR is measured per resource pool and no CBR measurement in exceptional pool is supported. 
CR measurement frequency and filtering: We think that this is RAN2 issue.
Proposal 5: CR measurement filtering is up to RAN2 decision. 
Proposal 6: Two alternatives are considered for CR evaluation timing, 

· Alt 1: At each transmission time

· Alt 2: At each resource selection time. 

UE behavior related to CR_limit: If CR_limit is exceeded, UE should adjust the radio parameters for the next resource reservation process (not dynamically). As discussed in Q 2.1, CR_limit can determine resource reservation interval. Within the range of subchannel sizes, UE can determine its resource reservation interval up to UE implementation.
Proposal 7: How to meet the constraint made by CRlimit is up to UE implementation.
Dropping packet transmissions: Not necessary. If some of packets are dropped, the next resource reservation may not be perceived by the other UEs. This causes another resource collision. Therefore, we think that it is desirable to avoid the packet dropping as much as possible. If packet dropping is specified for fast adaptation of congestion control, one of retransmission packets can be dropped (when the number of retx for a MAC PDU is 2), but not to cause resource collision due to packet dropping, resource allocation indication via SCI should be maintained. For example, if a UE drops one subframe, one of transmissions can be dropped, but the UE should indicate the other subframe if the UE reserve two transmission resources. Note that this indication is to avoid resource collision when the UE does not drop the packet in some cases. 

Proposal 8: It is preferred that no detailed dropping rule is supported.
Proposal 9: If packet dropping is supported for fast adaptation of congestion control, the retransmission packet can only be dropped.
 Congestion control for non-adjacent SA/data case: Separate CBR measurement is applied for non-adjacent SA/Data pools, some of additional parameters for SA pool can be configured such as transmission power and CR limit of SA because SA format (RB size/MCS) is fixed. In current specification, 3dB PSD offset between SA/Data is applied. When power control is independently applied for SA and data, PSCCH power and PSSCH power should satisfy each constraint while maintaining the 3dB power offset. Retransmission number of SA/data should be same. For this condition, the transmission of both data and SA should be limited when meeting either the CR limit of SA pool or the CR limit of the data pool. However, utilizing CBR measurement for SA pool may not give much performance gain. If so, we prefer that all UE behavior for congestion control should be based on CBR of data pool to have commonality with the case of adjacent SA/Data pool. The usage of CBR of SA pool is up to UE implementation. 
Proposal 10: It is preferred that all UE behavior for congestion control is based on CBR of data pool to have commonality with the case of adjacent SA/Data pool. The usage of CBR of SA pool is up to UE implementation. 

CR resetting issue: When a UE changes the resource pool, for example zone-based pool separation is configured or the UE wakes up a moment ago, CR can be reset to zero if the UE did not use the selected resource pool for the last 1000ms. In this case, the UE will try to use large portion of resource at the beginning of transmissions, which leads to resource congestion and/or unfairness usage of resources. To solve this issue CR definition could be re-considered as follows, 
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where X(i) denotes the subchannel size of transmission at subframe i and Y(i) denotes the total sub-channel size of the resource pool at subframe i.  When a UE does not monitor 1000ms, only monitored window which is denoted by “M” can be reflected to CR calculation. 
Another point of this CR definition is that Y (i) is variable not only by changing the size of the resource pool, but also by changing the resource pool used by the UE as the UE moves while the size of the resource pool is fixed in terms of time. When the UE changes resource pool, the CR reset can be prevented in the new pool by keeping the CR calculations even when moving between pools of different sizes, which can mitigate the problem of suddenly using a lot of resources at the boundary of resource pool change.
Proposal 11: RAN1 makes solution for the CR resetting issue. 
3. Conclusion
This contribution discussed the remaining issues on congestion control. The discussion can be summarized as follows:
Proposal 1: Inclusion of reservation interval in radio layer congestion control parameter is not needed. 

Proposal 2: Generalized proposal: 

· UE measures the CR per PPPP

· Note: Existing agreements on CBR measurement will give the allowed CR limit per PPPP.

· The UE shall ensure the following limit is met per PPPP

· UE shall ensure for PPPP k,  
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· Suffix i and k denote the PPPP of a packet in increasing priority order
Proposal 3: It is preferable that congestion control design does not affect the existing sensing and resource selection procedure.
Proposal 4: CBR/CR is measured per resource pool and no CBR measurement in exceptional pool is supported. 
Proposal 5: CR measurement filtering is up to RAN2 decision. 

Proposal 6: Two alternatives are considered for CR evaluation timing, 

· Alt 1: At each transmission time

· Alt 2: At each resource selection time. 

Proposal 7: How to meet the constraint made by CRlimit is up to UE implementation.
Proposal 8: It is preferred that no detailed dropping rule is supported.
Proposal 9: If packet dropping is supported for fast adaptation of congestion control, the retransmission packet can only be dropped.
Proposal 10: It is preferred that all UE behavior for congestion control is based on CBR of data pool to have commonality with the case of adjacent SA/Data pool. The usage of CBR of SA pool is up to UE implementation. 

Proposal 11: RAN1 makes solution for the CR resetting issue. 
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