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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]In this paper, we discuss the issues related to congestion control in NR. 
[bookmark: _Ref489281230]Discussion
Congestion control in one carrier
In LTE SL, the level of congestion is measured by channel busy radio (CBR). Each LTE SL packet is associated with a ProSe per packet priority (PPPP) value and each PPPP is associated with an upper CBR threshold and a lower CBR threshold. 
When a packet of priority PPPP arrives, UE needs to select a carrier for transmission. For initial selection, one carrier is regarded as a candidate if the CBR of the carrier is below threshCBR-FreqReselection associated with the priority. In case of multiple candidate carriers, UE selects the one with the lowest CBR.  
Carrier reselection will be triggered if CBR of the current carrier exceeds the threshCBR-FreqReselection associated with the priority. UE may reselect the carrier from other candidate carriers. If there is no other candidate carrier available, UE will start dropping the packets of associated priority until the CBR of the current carrier is below the corresponding threshCBR-FreqKeeping or other candidate carriers appear. Such CBR thresholds to PPPP mapping (i.e. SL-V2X-FreqSelectoinConfigList) is configured per RRC/SIB signalling and applied to all LCHs. 
[bookmark: _Toc32494145]In LTE SL, carrier selection procedure balances the load among multiple carriers using CBR thresholds associated with different PPPPs, i.e. UE may transmit the packet of certain PPPP only if the CBR of the current carrier is below the corresponding threshold. 
[bookmark: _Toc32494146]In LTE SL, data transmission in all LCHs follow the same CBR thresholds to PPPP mapping configured by NW.

It has been agreed in RAN1#97 meeting that LTE V2X sidelink congestion control is the starting point of defining NR sidelink congestion control. On the other hand, in NR SL QoS framework, PC5 5QI (PQI) value, instead of PPPP/PPPR, is used to represent QoS requirements for a SL QoS flow. Wherein, at access stratum, SLRB/ SL LCH is the finest granularity to distinguish different QoS treatment. 

	[bookmark: _Hlk16603621]RAN1 #97 Agreements:	
LTE V2X sidelink congestion control is the starting point for defining NR sidelink congestion control.

TS 23.287:
5.4.1 QoS handling for V2X communication over PC5 reference point
For NR based PC5, a QoS model similar to that defined in TS 23.501 [6] for Uu reference point is used, i.e. based on 5QIs, with additional parameter of Range. For the V2X communication over PC5 reference point, a special set of standardized PC5 5QIs (PQI) are defined in clause 5.4.3. The UE may be configured with a set of default PQIs to use for the V2X services, as defined in clause 5.1.2.1.



[bookmark: _Toc7520861][bookmark: _Toc7520913][bookmark: _Toc528339362][bookmark: _Toc528508885][bookmark: _Toc528877232][bookmark: _Toc528877261][bookmark: _Toc686697][bookmark: _Toc32494147]LTE SL congestion control is taken as the baseline for NR SL. However, NR SL adopts different QoS framework where LCH is the finest granularity to distinguish different QoS requirement at access stratum.

Considering the SLRB/SL LCH based NR SL QoS framework and the fact that only one carrier is supported in NR SL system, it is natural to introduce similar scheme in NR SL to maintain the congestion level at an acceptable level. In particular, each NR SL LCH is associated with two CBR thresholds, e.g. threshCBR-FreqReselection and threshCBR-FreqKeeping.
· threshCBR-FreqReselection: Indicates the CBR threshold to determine whether the carrier frequency can be (re)selected for the transmission of V2X sidelink communication.
· threshCBR-FreqKeeping: Indicates the CBR threshold to determine whether the UE can keep using the carrier which was selected for the transmission of V2X sidelink communication.

[bookmark: _Toc32494149]Similar as in LTE SL, each NR SL LCH is associated with two CBR thresholds, e.g. threshCBR-FreqReselection and threshCBR-FreqKeeping.
[bookmark: _Toc32494150]Similar as in LTE SL, for NR SL whether data from one LCH can be transmitted depends on: 1) for initial transmission, only if the current CBR is below an associated CBR threshold, e.g. threshCBR-FreqReselection; 2) for transmission attempt after being suspended, only if the current CBR is below an associated CBR threshold, e.g. threshCBR-FreqKeeping.

In NR SL, the CBR threshold(s) used for congestion control can be configured by the NW in a per SL LCH manner as LCH parameter (instead of providing a priority to CBR thresholds mapping which will be applied to all LCHs in the UE as in the legacy LTE system). The CBR threshold information can be delivered via dedicated RRC message when RRC_CONNECTED UE requests SLRB configuration from NW, or via SIB message to UEs in RRC_IDLE/INACTIVE mode.
Besides, we believe it is beneficial to configure CBR threshold in a per SL LCH manner from QoS management point of view. In LTE SL, packet priority value PPPP is used for two purposes: 1. For congestion control, when congestion level is high, packets of lower priority should be dropped first (i.e., meaning the service is less important like non-safety related); 2. During LCP procedure, packets of higher priority should be transmitted first (i.e., meaning the service has low latency requirement). However, a service which is more important than others (e.g., safety related services) does not necessarily require low latency. Therefore, by configuring CBR threshold in a per SL LCH manner decouples the relationship between LCH priority and the service importance. SL LCHs of the same priority value can be configured with same or different CBR thresholds.
[bookmark: _Toc7520862][bookmark: _Toc7520914][bookmark: _Toc32494151]The CBR thresholds associated with each NR SL LCH are configured as LCH parameters in a per SL LCH manner via RRC/SIB signalling or preconfiguration.
[bookmark: _Toc32494152]SL LCHs of the same priority value can be configured with same or different CBR thresholds.

Impact on starvation avoidance
The following agreements were made in the last RAN2 meeting regarding starvation avoidance. Basically, data from starved LCHs with Bj>0 will be transmitted before other non-starved LCHs with Bj<0.  
	Agreements on starvation avoidance: 
1: 	Starvation avoidance in SL-LCP is applied to a UE in all states/coverage scenarios (i.e. RRC_CONNECTED, RRC_INACTIVE/RRC_IDLE, and OOC).
2:	A UE can be configured with starvation avoidance parameters in a SLRB configuration in dedicated RRC signalling, SIB, or preconfiguration (depending on the UE state/coverage).
3:	Each SL LCH is (pre)configured with a prioritized bit rate (PBR) and bucket size duration (BSD).
4:	For each SL LCH, a UE maintains a variable (e.g. Bj) representing the bucket level at each instance of the SL LCP procedure.
5:	A UE selects the destination L2 ID with highest priority LCH having Bj>0 among the LCHs having data available for transmission.
6:	If there are no LCHs with Bj>0, the UE selects the destination L2 ID having the LCH with highest priority among the LCHs having data available for transmission.
7:	In case of multiple destination L2 IDs having LCH with same priority and Bj>0, it is up to UE implementation to selects which destination L2 ID.



[bookmark: _Toc32494148]With starvation avoidance, data from starved LCHs with Bj>0 will be transmitted before other non-starved LCHs with Bj<0.

On the other hand, assuming data from a LCH will not be transmitted due to congestion control as proposed in Proposal 2, it will result in a super-hungry LCH at the moment when the LCH re-starts transmitting due to reduced congestion (i.e. Bj will be a large value if the corresponding LCH has not been scheduled for a while). This might impact other non-starved LCH transmission of higher priority. In our view, it is reasonable to stop the starvation timer and reset the Bj to zero when the LCH stops transmitting due to congestion control (i.e., when the actual CBR exceeds an associated threshold).
[bookmark: _Hlk16259064][bookmark: _Toc32494153]In case of congestion (i.e., SL LCH stops transmitting when the actual CBR exceeds an associated threshold), the starvation timer (i.e. T) will stop counting and the starvation state variable (i.e. Bj) is reset to be zero and stop updating. 

[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk16703546]In section 2 we made the following observations:
Observation 1	In LTE SL, carrier selection procedure balances the load among multiple carriers using CBR thresholds associated with different PPPPs, i.e. UE may transmit the packet of certain PPPP only if the CBR of the current carrier is below the corresponding threshold.
Observation 2	In LTE SL, data transmission in all LCHs follow the same CBR thresholds to PPPP mapping configured by NW.
Observation 3	LTE SL congestion control is taken as the baseline for NR SL. However, NR SL adopts different QoS framework where LCH is the finest granularity to distinguish different QoS requirement at access stratum.
Observation 4	With starvation avoidance, data from starved LCHs with Bj>0 will be transmitted before other non-starved LCHs with Bj<0.

Based on the discussion in section 2 we propose the following:
Proposal 1	Similar as in LTE SL, each NR SL LCH is associated with two CBR thresholds, e.g. threshCBR-FreqReselection and threshCBR-FreqKeeping.
Proposal 2	Similar as in LTE SL, for NR SL whether data from one LCH can be transmitted depends on: 1) for initial transmission, only if the current CBR is below an associated CBR threshold, e.g. threshCBR-FreqReselection; 2) for transmission attempt after being suspended, only if the current CBR is below an associated CBR threshold, e.g. threshCBR-FreqKeeping.
Proposal 3	The CBR thresholds associated with each NR SL LCH are configured as LCH parameters in a per SL LCH manner via RRC/SIB signalling or preconfiguration.
Proposal 4	SL LCHs of the same priority value can be configured with same or different CBR thresholds.
Proposal 5	In case of congestion (i.e., SL LCH stops transmitting when the actual CBR exceeds an associated threshold), the starvation timer (i.e. T) will stop counting and the starvation state variable (i.e. Bj) is reset to be zero and stop updating.
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