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Introduction
[bookmark: _Ref129681832]One objective of the V2X WI is to specify congestion control for NR to support advanced V2X services [1] . Agreements, etc. to date include:
	
Agreements:
Define NR sidelink Channel Occupancy Ratio (CR) measurement.
· LTE CR is the baselines 

Agreements:
· Congestion control can restrict the values of at least the following PSSCH/PSCCH TX parameters per resource pool:
· Range of MCS for a given MCS table supported within the resource pool
· Range of number of sub-channels
· Upper bound of number of (re)transmissions – already agreed in mode 2 AI
· Upper bound of TX power (including zero TX power)
· Congestion control can set an upper bound on channel occupancy ratio (CR), CRlimit.
· Ranges/bounds of the transmission parameters and CRlimit are functions of QoS and CBR.
· In addition to congestion control (in use or not in use), the above parameters can be restricted by reusing the same mechanism as in LTE
· For speed, further discussion on absolute vs. relative speed
· FFS other parameter(s) that can be restricted 
· FFS whether or not to tie the speed with a UE capability

Agreements:
Lookup table links CBR range with values of the transmission parameters and CRlimit for each value of the indication of a priority of a sidelink transmission carried by SCI payload (as per WA from RAN1#98), Lookup table is (pre)configured. Details up to RAN2. 
· Up to 16 (as a working assumption) CBR ranges are supported
· The working assumption will be automatically confirmed in RAN1#99 if no further input

Agreements:
· For the priority indication in 1st stage SCI: 
· Up to RAN2 on how to define the mapping between the priority indication and the corresponding QoS
· Size is 3 bits (as a working assumption)

Agreements:
· Sidelink RSSI (SL-RSSI) measurement is used for CBR estimation


Agreements:
A sidelink resource is busy for the purpose of CBR measurement if Sidelink RSSI measured by the UE in that resource exceeds a (pre-)configured threshold.



In this contribution, we discuss the remaining issues about NR sidelink congestion control.
Discussion
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]NR sidelink congestion control
NR sidelink CBR
LTE sidelink congestion metrics include channel busy ratio (CBR) and channel occupancy ratio (CR). The definition of CBR and CR are described in TS 36.214 [2]. For PSSCH, CBR measured in subframe n is defined as the portion of sub-channels whose S-RSSI (Sidelink Received Signal Strength Indicator) measurements exceed a (pre)configured threshold observed during subframes [n-100, n-1].
[bookmark: OLE_LINK15]For the definition of NR CBR over a resource pool, CBR measurement time window should be defined. In LTE sidelink, CBR measurement time window is 100 subframes. There is only one numerology in LTE, where 100 subframes equal to 100 ms. NR supports multiple numerologies. If a single absolute time window is applied for all the numerologies, like 100ms, it clearly represented different slot spans, e.g., 100ms equals to 200 slots for 30 kHz, 400 slots for 60 kHz and so on. The measurement time window will become too large for FR2. That means the measurement becomes based on out-of-date resource usage information and hence the measurement result may be not useful to inform upcoming scheduling and resource selection decisiosn. If the time window length is always 100 slots, then it is more adaptable to different numerologies. 
[bookmark: OLE_LINK6]
Proposal 1: CBR measurement time window length is 100 slots.

[bookmark: OLE_LINK9]LTE S-RSSI is defined as the linear average of the total received power per SC-OFDM symbol observed by the UE only in the configured sub-channel in SC-OFDM symbols 1,2,…,6 of the first slot and SC-FDMA symbols 0,1,…,5 of the second slot of a subframe [2]. As agreed in last meeting, S-RSSI measurement is used for CBR definition, and one CBR measurement over a resource pool is defined for multiplexing option 3, and if PSFCH resources are configured, the CBR measurement should exclude the PSFCH resources. NR S-RSSI can be defined as the linear average of the total received power per symbol observed by UE only in the configured sub-channel in symbols of a slot excluding PSFCH symbols. To align with LTE, NR S-RSSI should be observed in symbols of a slot excluding AGC symbol and guard symbol.

Proposal 2: NR S-RSSI measurement is defined as the linear average of the total received power per symbol observed by UE only in the configured sub-channel(s), and symbols for PSFCH, AGC, and guard time are excluded.
The current draft editor’s CR to 38.215 would need to be adjusted in this respect.

NR sidelink CR
As agreed in last meeting, it is supported to define NR CR measurement based on LTE CR. For LTE sidelink, channel occupancy ratio (CR) evaluated at subframe n is defined as the total number of sub-channels used for the UE’s transmission in subframes [n-a, n-1] and granted in subframes [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b] (a>0, b>=0). 
[bookmark: OLE_LINK8][bookmark: OLE_LINK4]For LTE sidelink, the resources can be reserved periodically. However, NR has a higher need to support both periodic and aperiodic traffic. For periodic traffic, the definition of CR in LTE sidelink can be reused since LTE sidelink only has periodic traffic. And the CR measurement time window can be [n-a, n+b] for periodic traffic. For aperiodic traffic, it is difficult to use past samples to predict the probability of occurrence for dynamic scheduling traffic. In this case, the CR measurement time window can be [n-a, n-1]. However, to support both periodic and aperiodic traffic, the CR measurement time window should be [n-a, n+b]. [n-a, n-1] can be measured for periodic and aperiodic traffic, and [n, n+b] can be measured for periodic traffic. In this way, the total resources used in the past and to be used can be measured. NR CR measurement time window length can reuse LTE CR definition, e.g. 1000ms. And to provide more flexibility, the determination of values a and b can up to UE implementation. 
Above all, we give the definition of CR measurement below:
CR evaluated at slot n is defined as the total number of sub-channels used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b].

[bookmark: OLE_LINK3]Proposal 3: CR evaluated at slot n is defined as the total number of sub-channels used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured sub-channels in the transmission pool over at [n-a, n+b], a>0; b≥0, where the contribution from periodic traffic is considered in the whole window, and the contribution from aperiodic traffic is considered in [n-a, n-1].

As agreed in last meeting, congestion control can restrict PSSCH/PSCCH TX parameters per resource pool: range of MCS for a given MCS table supported within the resource pool, range of number of sub-channels, upper bound of number of (re)transmissions, upper bound of TX power. There is a remaining open issue that what other parameter(s) can be restricted. Besides TX parameters, CBR can be used to choose groupcast HARQ feedback Option1 and Option2. Although PSFCH CBR is not defined, congestion of PSFCH can be inferred from congestion of PSCCH/PSSCH. Since PSFCH resource are implicitly determined by corresponding PSSCH resource and SCI is used to determine groupcast HARQ feedback Option1 and Option2. When the PSCCH/PSSCH CBR is large, that means the PSCCH/PSSCH channels are busy, then corresponding PSFCH resources will be busy too. 

[bookmark: OLE_LINK5]Proposal 4: CBR should be used to control selection of groupcast HARQ feedback Option 1 and Option 2.

The UE obtains the corresponding channel occupancy ratio limit value (CR_limit) from (pre-)configuration based on CBR measurements and adapts its TX parameters to meet CR_limit. As agreed in last meeting, in addition to congestion control (in use or not in use), PSCCH/PSSCH TX parameters can be restricted by reusing the same mechanism as in LTE for speed, further discussion on absolute vs. relative speed. The TX parameters include range of MCS for a given MCS table supported within the resource pool, range of number of sub-channels, upper bound of number of (re)transmissions and upper bound of TX power. In LTE [3], higher layer parameter indicates PSSCH TX parameters such as MCS, PRB number, retransmission number, associated to different UE absolute speeds and different synchronization reference types for UE autonomous resource selection. In addition to broadcast, NR supports unicast and groupcast. Then using relative speed can be more accurate. Some UEs may not have the ability to use speed to adjust their TX parameters, then whether to use speed to adjust TX parameters should be a UE capability.

[bookmark: OLE_LINK10]Proposal 5: UE can adjust TX parameters associated to different UE relative speeds and it should be a UE capability.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss NR sidelink congestion control. Based on above discussions, following proposals are given. 
[bookmark: OLE_LINK7]Proposal 1: CBR measurement time window length is 100 slots.
Proposal 2: NR S-RSSI measurement is defined as the linear average of the total received power per symbol observed by UE only in the configured sub-channel(s), and symbols for PSFCH, AGC, and guard time are excluded.
Proposal 3: CR evaluated at slot n is defined as the total number of sub-channels used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured sub-channels in the transmission pool over at [n-a, n+b], a>0; b≥0, where the contribution from periodic traffic is considered in the whole window, and the contribution from aperiodic traffic is considered in [n-a, n-1].
Proposal 4: CBR should be used to control selection of groupcast HARQ feedback Option 1 and Option 2.
Proposal 5: UE can adjust TX parameters associated to different UE relative speeds and it should be a UE capability.
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