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Introduction
At RAN#83, a new work item “5G V2X with NR sidelink” (5G_V2X_NRSL) was approved ‎[1]. Two of the objectives are relevant for the present agenda item:

	1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
…
· Congestion control [RAN1, RAN2]
…
4. Specify support for QoS management [RAN2, RAN3, RAN1]





The following relevant agreements have been reached in previous meetings:
QoS signalling on sidelink
	[bookmark: _Hlk24123585]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)




Sidelink Congestion Control
	Agreements:
· Introduce at least one congestion metric for NR sidelink
· FFS details – to be done in WI phase (if included)




	Agreements:
· [bookmark: _Hlk7842624]Congestion control is supported at least for sidelink mode 2
· Note: details of congestion control can be covered in the work item phase, not in this SI.




	Conclusion:
· [bookmark: _Hlk7842330]It is deemed beneficial to report Sidelink Congestion Metrics(s) to a gNB
· Consequently, it is recommended to specify the corresponding details in the WI phase




	Agreements:
Support at least NR CBR as congestion metric for NR sidelink congestion control. 
· LTE CBR is the baseline for defining NR CBR.





	Agreements:
· LTE V2X sidelink congestion control is the starting point for defining NR sidelink congestion control.





	Agreements:
· Higher-layer reporting of CBR to the gNB is supported for RRC_CONNECTED UEs.




	Agreements:
· For PSCCH/PSSCH multiplexing option 3, one CBR measurement over a resource pool is defined. 
· PSFCH resources, if (pre)configured, are excluded from this CBR measurement.




	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:
· 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 RAN1 aspects of QoS management and sidelink congestion control.


Discussion

Sidelink Congestion Control
Regional regulation may require UEs to support sidelink congestion control. E.g. ETSI TC ITS has defined decentralised congestion control (DCC); under European regulations, ITS stations need to perform DCC on ITS carriers (e.g. 5.9 GHz).

Congestion Metric CBR
The first step in congestion control is measurement of the current congestion level, using one or more congestion metrics. One congestion metric has been agreed so far, namely CBR.
Since it has been agreed that LTE CBR is the baseline for defining NR CBR, let us start by examining the definition of LTE CBR [TS 36.214]:
	[bookmark: _Hlk21381765]Channel busy ratio (CBR) measured in subframe n is defined as follows:
-	For PSSCH, the portion of sub-channels in the resource pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes [n-100, n-1]; 
-	For PSCCH, in a pool (pre)configured such that PSCCH may be transmitted with its corresponding PSSCH in non-adjacent resource blocks, the portion of the resources of the PSCCH pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes [n-100, n-1], assuming that the PSCCH pool is composed of resources with a size of two consecutive PRB pairs in the frequency domain.



The main concepts mentioned in this definition – resource pool, sub-channel, subframe – apply equally for the NR sidelink (even though the detailed definition of these concepts may be different from the LTE definitions). For both LTE sidelink and NR sidelink, the sub-channel is the basic granularity of the resource pool in the frequency domain. For the LTE sidelink, the subframe is the basic granularity of the resource pool in the time domain. For NR, the granularity of the resource pool in the time domain has not been agreed yet; however, for the purpose of CBR measurement, the slot seems the appropriate time unit:
[bookmark: P_slot]Proposal 1: Use the slot as the basic time unit for CBR measurement.

The concept of a separate PSCCH pool (as covered in the second bullet of the LTE definition) does not apply to the NR sidelink, at least in PSCCH/PSSCH multiplexing option 3. As already agreed, one CBR measurement over a resource pool is defined for that option.

[bookmark: _Hlk7842343]
[bookmark: _Hlk21382114]The CBR definition could be made more flexible by allowing (pre)configuration of the measurement window size. In LTE this window size is fixed to 100 subframes (100 ms) in the specification. This choice may have been motivated by the CBR definition for ITS-G5 in ETSI ITS, where “TCBR is equal to 100 milliseconds” (ETSI EN 302 571 V2.1.1).
One noteworthy difference between LTE and NR is that in LTE the duration of a subframe is fixed; so, the window size in LTE could have been stated as 100 subframes or 100 ms, these would have been equivalent. In NR on the other hand, multiple subcarrier spacings are supported for sidelink and the duration of a slot varies with subcarrier spacing, so if the window size was set e.g. to 100 slots then the actual duration would vary with subcarrier spacing. This motivates the following proposal:

[bookmark: P_Window_time]Proposal 2: The measurement window size for CBR is expressed in units of actual time (ms), not slots.

Choice of this window size involves a tradeoff: A shorter window allows reacting faster to a sudden onset of congestion, but also risks overreacting to a transient increase in channel utilization. It is hence desirable to make this parameter (pre)configurable. Another motivation for making this window size configurable is that 100 ms has been specified by ETSI ITS; other regions/regulators, however, might choose other values.
[bookmark: _Hlk21382078][bookmark: P_Window]Proposal 3: Support (pre)configuration of the measurement window size for CBR. 100 ms is one of the supported sizes.

Sidelink RSSI
Sidelink RSSI is the basis for CBR measurement. Introduction of Sidelink RSSI for CBR measurement has been agreed at RAN1#98b, but some details are still missing.

[bookmark: P_RSSI]Proposal 4:
· SL-RSSI’s granularity in the time domain is one slot.
· SL-RSSI’s granularity in the frequency domain is one sub-channel.


Congestion Control in sidelink mode 1

RAN1 have earlier agreed that “Congestion control is supported at least for sidelink mode 2”. The question then arises – how about congestion control for sidelink mode 1? In mode 1, the sidelink resources are under the control of the gNB and the gNB is hence responsible for congestion control. The behaviour of the gNB’s sidelink congestion control does not need to be specified. Reporting of CBR to the gNB, which has already been agreed to be supported, can assist the gNB in performing this function.

[bookmark: Obs_mode1]Observation 1: In sidelink mode 1, congestion control is performed by the gNB and does not need to be specified.

[bookmark: _Hlk7842728]Congestion Control in sidelink mode 2

Channel occupancy ratio (CR)
For the LTE V2X sidelink, a UE’s channel usage is measured by the Channel Occupancy Ratio (CR), which is defined in TS 36.214:
	Channel occupancy ratio (CR)

	Definition
	Channel occupancy ratio (CR) evaluated at subframe n is defined as the total number of sub-channels used for its transmissions 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].

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



NOTE 1:	a is a positive integer and b is 0 or a positive integer; a and b are determined by UE implementation with a+b+1 = 1000, a >= 500, and n+b should not exceed the last transmission opportunity of the grant for the current transmission. 
NOTE 2:	CR is evaluated for each (re)transmission.
NOTE 3:	In evaluating CR, the UE shall assume the transmission parameter used at subframe n is reused according to the existing grant(s) in subframes [n+1, n+b] without packet dropping.
NOTE 4:	The subframe index is based on physical subframe index.
NOTE 5:	CR can be computed per priority level




The open issues in defining the Channel occupancy ratio are the evaluation time window, and in particular how to treat the “future” segment of the window (subframes [n, n+b] in the LTE definition).
The use of the granted resources in future subframes for the LTE ‘s CR evaluation is justified by the assumption of predominantly periodic traffic for LTE V2X; this needs to be revisited for the NR V2X sidelink where a mixture of periodic and aperiodic traffic is assumed. The most straightforward solution is to exclude the future from the evaluation window.
[bookmark: P_CR_future]Proposal 5:  The evaluation window for CR does not include future slots.

Regarding the duration of the evaluation window, similar considerations apply as for the CBR measurement window. Hence we propose
[bookmark: P_CR_window_size]Proposal 6:  The evaluation window size for CR is (pre)configured. 1000 ms is one of the supported sizes.



[bookmark: _Hlk16913976]QoS Signalling over Sidelink
At RAN1#98, the following WA was reached in the Resource Allocation Mode 2 agenda item:
	Working assumption:
· An indication of a priority of a sidelink transmission is carried by SCI payload
· This indication is used for sensing and resource (re)selection procedures
· This priority is not necessarily the higher layer priority




The “higher layer priority” is defined in SA2’s TS 23.287 as follows:
	[bookmark: _Hlk24123672]The Priority Level has the same format and meaning as that of the ProSe Per-Packet Priority (PPPP) defined in TS 23.285 [8].
NOTE:	Using the same format for Priority Level and PPPP provides better backward compatibility.
The Priority Level shall be used to different treatment of V2X service data across different mode of communication, i.e. broadcast, groupcast, and unicast. In case when all QoS requirements cannot be fulfilled for all the PC5 service data, the Priority Level shall be used to select for which PC5 service data the QoS requirements are prioritized such that a PC5 service data with Priority Level value N is prioritized over PC5 service data with higher Priority Level values, i.e. N+1, N+2, etc (lower number meaning higher priority).



At RAN1#98b the following was agreed:
	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)




So from the point of view of RAN1, one issue is still open: Whether the size of the priority indication can be confirmed to be 3 bits. 
SA2’s definition of “priority level” in TS 23.287 refers to ProSe Per-Packet Priority (PPPP) defined in TS 23.285; TS 23.285 in turn refers to TS 23.303, which defines ProSe Per-Packet Priority as being provided from a range of 8 possible values. So it is clear that 3 bits are sufficient if the layer 1 priority indication depends only on the higher layer priority. It is conceivable, however, that RAN2 may decide that the mapping can include other QoS aspects, such as latency and reliability, and that using more than 3 bits would be beneficial to provide sufficient granularity. From that point of view one could argue that RAN1 should wait for confirmation by RAN2 before confirming the working assumption. On the other hand, the RAN1 design needs to be completed in this meeting, so the working assumption should be confirmed.
[bookmark: P_SCI_prio]
Proposal 7:  Confirm the working assumption that the size of priority indication in the 1st stage SCI is 3 bits.






Conclusions
In this contribution we discussed RAN1 aspects of QoS management and sidelink congestion control and make the following observations and proposals:
Regarding congestion control and its measurements:
Proposal 1: Use the slot as the basic time unit for CBR measurement.

Proposal 2: The measurement window size for CBR is expressed in units of actual time (ms), not slots.

Proposal 3: Support (pre)configuration of the measurement window size for CBR. 100 ms is one of the supported sizes.

Proposal 4:
· SL-RSSI’s granularity in the time domain is one slot.
· SL-RSSI’s granularity in the frequency domain is one sub-channel.

Observation 1: In sidelink mode 1, congestion control is performed by the gNB and does not need to be specified.

Proposal 5:  The evaluation window for CR does not include future slots.

Proposal 6:  The evaluation window size for CR is (pre)configured. 1000 ms is one of the supported sizes.


[bookmark: _GoBack]Regarding priority indication in the SCI:
Proposal 7:  Confirm the working assumption that the size of priority indication in the 1st stage SCI is 3 bits.
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