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1. Introduction & Background

According to the SA1 requirements as highlighted [1], a related target is to design the NR system with high connection density for congested traffic. 
[R.5.1-008]
The 3GPP system shall support high connection density for congested traffic.
NOTE 2:
Example estimate is for worst case US Freeway scenario that does not include arterial roads (i.e. onramps): 5 lanes in each direction or 10 lanes total per highway, for up to 3 highways intersecting = 3,100 to 4,300 cars per square kilometer

In case there is a large number of Vehicle UEs in an area, there should be means to control the congestion from several aspects. In this contribution, we discuss the potential ways (as listed) to handle the congestion over NR sidelink, and then give our proposals.
· Sidelink unicast connection control
· QoS and CBR based congestion control 

2. Discussion
2.1. Sidelink unicast connection control
For sidelink unicast communication, the connection establishment and maintenance should be peer-to-peer. Moreover, one UE may initiate connection establishment procedure with multiple UEs. Due to the different UE capabilities, it requires a mechanism to send request to the peer UE and get response to enable parameter negotiation for radio link. AS layer instead of upper layers is preferable to accomplish the mechanism. For sidelink groupcast communication assuming typical scenario such as platooning, procedure for unicast connection establishment may be used as baseline in terms of the connection between group header UE and group member UE. At this stage, we prefer to focus on the sidelink unicast mechanism. And discuss whether and how AS level connections are setup within group later.
Observation 1
A new PC5 control protocol (namely PC5 RRC) is preferably to be introduced for connection management as the Uu RRC to support sidelink unicast.
On the other hand, it is noticeable that the number of connections which can be setup over sidelink within one UE is limited. The restriction can be from AS layer as well as application layer. For example, the UE capability should be considered for connection control. Given the limited processing capability and hardware resource (e.g., soft buffer), it is obviously not possible to set up a large number of unicast or groupcast connections, while still maintains the QoS requirements. In addition, according to SA1 requirements “[R.5.2-001] The 3GPP system shall be able to support up to 5 UEs for a group of UEs supporting V2X application.”, the group header UE can only manage limited number of group member UEs.
Observation 2
The number of connections which can be setup over NR sidelink within one UE has an upper bound due to limitation of UE processing capability and hardware resource, etc.
Based on above observations, we believe that the connection establishment and maintenance procedure should take into account the limited number of connections within the UE. Some Uu like mechanisms may be studied and reused.
In Uu, special barring parameters can be broadcasted by the network for different PLMN(s) and different service/signaling types. An RRC Idle or Inactive UE that initiates RRC setup or resume request will perform access barring check based on the barring parameters first, only if the UE passes the barring check can the RRC setup or resume request be sent. If the network congestion is very high, some RRC Idle or Inactive UEs that match with the broadcasting different PLMN(s) and different service/signaling types will be barred from access attempt to the network until the congestion is alleviated. From the connection management point of view, we think the Uu access control mechanism can be reused over NR sidelink. For example, when the UE finds its established connections are reaching its processing capability, the UE can broadcast access barring parameters to other UEs that are in proximity to prevent other UEs from sending the unicast connection request to it. 
Observation 3
Uu access barring control mechanism can be beneficial to be reused for barring the unicast connection request to certain UE when its established connections reach upper limit.
In Uu, when the network congestion is within medium level, RRC setup or resume request from most of the RRC Idle or Inactive UE can be allowed to send. The network may response with RRC reject to some UE based on the content (e.g., UE ID and cause value) carried in the RRC setup or resume request. In such case, some UE and services such as emergency call can be guaranteed even if the network is congested. Such mechanism is also useful in sidelink since in NR V2X we will have diversities of services with different QoS requirement. It is important that the UE receiving unicast connection request from two UEs respectively but only can handle one connection, should accept high priority service for one UE while reject the lower priority service for the other.
Observation 4
Uu RRC reject mechanism can be useful for prioritizing certain UE and service based on the content carried in unicast connection request receiving from too many UEs.
Proposal 1: RAN2 to study whether and how Uu access and congestion control mechanisms (e.g., access barring, RRC reject) can be reused to perform sidelink unicast connection control.
2.2. QoS and CBR based congestion control 

In the last RAN1#94bis meeting, it has been agreed to further study how to use QoS information (e.g., priority latency, reliability) for resource allocation and congestion control.
Agreements:
RAN1 studies further how to use 

· priority, 

· latency,

· reliability,

· minimum required communication range (as defined by higher layers) if agreed to use

in the physical layer aspects of at least 

· resource allocation and 

· congestion control and 

· resolution of in-device coexistence issues and 

· power control

First of all, the congestion control principles are investigated. In LTE V2X, the typical scenarios are high-density such as road intersection or traffic jam. Channel busy ratio (i.e., CBR) is defined to reflect the congestion level over sidelink in Vehicle UEs, similarly to the channel busy ratio defined in ETSI. The principles of the CBR concept mainly play a role as following [2].
#1: Transmission parameter adaptation
The basic idea is that a UE (regardless of its RRC state) performs transmission parameter adaptation based on the CBR. The exemplary adapted transmission parameters include maximum transmission power, range of the number of retransmission per TB, range of PSSCH RB number, range of MCS, maximum limit on channel occupancy ratio. For example, if increased load is detected i.e., CBR is relatively high, then a higher MCS hence less number of occupied sub-channels could be adapted. It is helpful to avoid collisions between UEs hence reduced interference level. For another example, if CBR becomes high, UE can adapt to single transmission for a TB, which can reduce the congestion situation by a half. And so on.
#2: resource selection 
When a UE supporting CA in sidelink uses autonomous resource selection, it performs carrier selection depending on the CBR of the (pre)configured carriers for V2X sidelink communication and the PPPP(s) of the V2X messages to be transmitted. PPPP reflects both the priority and latency requirement in LTE V2X. 
Basic on the above two bullets, the ultimate outcome is a Lookup table linking CBR range with value range of the transmission parameters for each PPPP that is associated to the resource carrier/pool.
Observation 5
In LTE V2X, both QoS and CBR information are (pre)configured inside the resource carrier/pool to guarantee resource selection performance.
In NR V2X, the high connection density for congested traffic are still foreseen. Although the exact QoS information and CBR definition are pending further discussion and decision in RAN1. It is believed that the general congestion control principles can be largely inherited from LTE V2X to apply to NR sidelink. However, with regards to the sidelink unicast specific operation, the potential issues and impacts need further study. For example, during connection establishment, the UE may negotiate the available resources to be assigned for the sidelink radio bearer, and degrade or simply reject the connection establishment in the case of out of resource.
Proposal 2: RAN2 to study whether and how LTE V2X congestion control principles (e.g., CBR based transmission parameter adaptation, QoS and CBR based resource selection) can be reused to perform sidelink unicast congestion control.
3. Conclusion

In this contribution, we discuss some potential ways to handle the congestion over NR sidelink. Both LTE sidelink and Uu mechanisms are investigated and considered. Based on that, the following observations and proposals are given as follows.
Observation 1
A new PC5 control protocol (namely PC5 RRC) is preferably to be introduced for connection management as the Uu RRC to support sidelink unicast.
Observation 2
The number of connections which can be setup over NR sidelink within one UE has an upper bound due to limitation of UE processing capability and hardware resource, etc.
Observation 3
Uu access barring control mechanism can be beneficial to be reused for barring the unicast connection request to certain UE when its established connections reach upper limit.
Observation 4
Uu RRC reject mechanism can be useful for prioritizing certain UE and service based on the content carried in unicast connection request receiving from too many UEs.
Observation 5
In LTE V2X, both QoS and CBR information are (pre)configured inside the resource carrier/pool to guarantee resource selection performance.
Proposal 1: RAN2 to study whether and how Uu access and congestion control mechanisms (e.g., access barring, RRC reject) can be reused to perform sidelink unicast connection control.
Proposal 2: RAN2 to study whether and how LTE V2X congestion control principles (e.g., CBR based transmission parameter adaptation, QoS and CBR based resource selection) can be reused to perform sidelink unicast congestion control.
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