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1
Introduction
Like in LTE, to standardize NR V2X in sidelink can lead to corresponding impacts on CP related procedures as well as signalling design, such as system information, connection control, mobility management, etc. In this contribution, therefore, we will discuss the potential CP related impacts on Uu that can be brought about by the introduction of NR sidelink, with comparison to LTE V2X sidelink communication.
2
Discussion
From the CP perspective, an essential thing that may need to be handled at the very beginning is which RRC states are supported for V2X sidelink communication in NR. In LTE, V2X sidelink communication can be performed not only by the UEs in RRC_CONNECTED, but also by those in RRC_IDLE. We think this can be inherited to NR sidelink as a baseline for further study. 
Proposal 1: Support V2X communication in sidelink at least for RRC_CONNECTED UEs and RRC_IDLE UEs in NR. 
Also, there is a third RRC state that was newly introduced into NR Uu, i.e. RRC_INACTIVE. There is inevitable the case where a UE in RRC_INACTIVE on Uu needs to perform V2X communication in NR sidelink as per upper layer configuration. However, since there is no RRC_INACTIVE state in LTE, RAN2 may need to further discuss whether to support V2X sidelink communication for the UEs in RRC_INACTIVE in NR.
Proposal 1a: RAN2 to study whether to support V2X communication in sidelink for RRC_INACTIVE UEs. 
2.1
System information related aspects
In LTE, two V2X specific SIBs are defined to broadcast the cell specific configurations for V2X sidelink communication, e.g. configurations on synchronisation, sidelink carrier frequency, Tx/Rx resource pools, etc. These configurations are mainly used by RRC_IDLE UEs configured to perform V2X sidelink communication. The reason could be two folded:

· Communications in sidelink has operations and configurations which are relatively independent of those over Uu, so that it is reasonable to define specific SIBs for sidelink to decouple the NW control between Uu and PC5 interface. For example, the base station can update the SIB for sidelink communication without any impacts on Uu interface.
· Compared with sidelink communication/discovery, V2X sidelink communication has some features and operations of its own which needs exclusive configurations (e.g. sensing related, GNSS related, CBR related, etc.). So V2X specific SIBs can reflect V2X specific features better.

In NR, there has been no sidelink so far. It can be easily envisioned that, as in LTE, the sidelink to be introduced for NR V2X should also be with relatively independent operations and configurations decoupled from those of NR Uu. To this end, as the first SIB for sidelink, a V2X specific SIB should be introduced in NR. Also, as in LTE, RRC_IDLE UEs in NR can use the configurations in the V2X specific SIB to perform V2X sidelink communication. 
Proposal 2: As in LTE, a V2X specific SIB should be introduced for NR V2X in sidelink. RRC_IDLE UEs can use the configurations in the V2X specific SIB to perform V2X sidelink communication.
Moreover, we think that the configurations in the V2X specific SIB may also be applied to RRC_INACTIVE UEs, if they are agreed to be supported for V2X sidelink communication in NR. Specifically, RRC_INACTIVE state share many common characteristics with RRC_IDLE in radio interface. Although there is still a difference from RRC_IDLE UEs that an RRC_INACTIVE UE keeps some dedicated configurations acquired by inheriting from connected state or from the RRC release message, however, these dedicated configurations should not be related to sidelink operations but instead should be used for resuming RRC connection later. 
Consequently, if RAN2 agree to support V2X sidelink communication for also RRC_INACTIVE state, it is reasonable for the inactive UEs to follow the sidelink operations as RRC_IDLE UEs to use the configurations provided in the SIB to perform V2X sidelink communication (i.e. using iUE determined resource allocation mode).
Proposal 3: As RRC_IDLE UEs, an RRC_INACTIVE UE (if supported) uses the configurations provided in the SIB to perform V2X sidelink communication in NR.
2.2
Connection control

As specified in LTE V2X [1], an RRC connection is initiated for V2X sidelink communication, only if the SIB includes the concerned frequency but does not include Tx transmission resource pool thereon.
Observation 1: In LTE, RRC connection can only be established for V2X sidelink communication, if the concerned frequency is included in the SIB without Tx pool configured.
However, in NR V2X it seems to be needed to study more trigger conditions for RRC connection establishment from the perspective of QoS requirements of those advance V2X services [2]. For instance, when the traffic with highly stringent requirements arrives, the NR V2X UE, which is currently in RRC_IDLE state and performing UE determined resource allocation (i.e. the "mode-2" as in [3]) based on SIB, may need to turn to request eNB scheduling with more guaranteed performance for that traffic, and this may need to trigger RRC connection establishment. As another example, when the link status/channel quality is bad on the common resources included in the SIB, some UEs in RRC_IDLE may be allowed to enter RRC_CONNECTED to request dedicated resources, which is not only beneficial for their own performance but also likely to alleviate the loads/congestions within the common resources for others.
As a result, we propose RAN2 to study the conditions for RRC connection establishment for V2X sidelink communication in NR.
Proposal 4: RAN2 to study the conditions for RRC connection establishment for V2X communication in NR sidelink.
After establishing RRC connection, the UE becomes RRC_CONNECTED, so RRC dedicated signalling can then be used to configure the UE with dedicated parameters for V2X sidelink communication. Moreover, in LTE the RRCConnectionReconfiguration message may include sl-V2X-ConfigDedicated or mobilityControlInfoV2X. The former specifies the dedicated configurations for V2X sidelink communication, while the latter indicates the sidelink configurations of the target cell for V2X sidelink communication during handover. 
Similarly, in NR RRC connection reconfiguration message should be supported fo configure the RRC_CONNECTED UEs with e.g. dedicated V2X sidelink configurations. Also, similar to LTE, UEs in NR RRC_CONNECTED need to use the configurations for V2X sidelink communication in RRC dedicated signalling.
Proposal 5: As in LTE, RRC_CONNECTED UEs in NR use the configurations for V2X sidelink communication in RRC dedicated signalling.
2.3
Mobility management
In LTE V2X, during handover, transmission resource pool configurations including exceptional transmission resource pool for the target cell can be signalled in the handover command to reduce the transmission interruption. The UE, during handover, uses randomly selected resources from the exceptional transmission resource pool, starting from the reception of handover command. Moreover, in order to avoid interruption time in receiving V2X messages due to delay in acquiring reception pools broadcasted by the target cell, reception resource pool related configuration for the target cell can be signalled to RRC_CONNECTED UEs in the handover command as well [4].
For RRC_IDLE UE, it is up to UE implementation to minimize V2X sidelink transmission/reception interruption time associated with the acquisition of SIB21/26 of the target cell in LTE V2X. After that, the RRC_IDLE UE may use the randomly selected resources from the exceptional transmission resource pool of the reselected cell until the sensing results on the transmission resource pools for autonomous resource selection are available.
Therefore, random selection is used to get resource by RRC_CONNECTED UEs and RRC_IDLE UEs in mobility management, and this may not be sufficient regarding the stringent requirements of the advanced V2X services in NR. Thus it looks necessary to study mobility enhancements for V2X sidelink communication in NR to achieve the higher reliability and lower latency required by NR V2X.
Proposal 6: Mobility enhancements should be studied for NR V2X sidelink communication to meet higher performance requirements of advanced V2X services.
2.4
Sidelink related measurements
In LTE V2X communication, Channel Busy Ratio (CBR) is used to control channel congestions, by means of CBR based transmission parameter adaptations for those UEs using autonomous resource selection. Besides that, a UE in RRC_CONNECTED can be configured to report CBR measurement results, which is mainly used to help the eNB to adjust the resource configurations/scheduling and realize the centralized congestion control. 
Additionally, the UE in RRC_CONNECTED may be configured to report geographical location information to the eNB in LTE, and this was basically introduced to assist the eNB to perform some sorts of geo-based resource allocation for V2x sidelink communication. The eNB can configure the UE to report the complete geographical location information based on periodic reporting via measurement report signalling. 
We think in NR, both CBR measurement and reporting as well as location reporting mechanism can be inherited due to their own benefit, and propose them to be supported by RAN2. 
Proposal 7: At least CBR measurement and reporting as well as geo-location reporting can be supported for NR sideink as in LTE V2X sidelink communication.
2.5
Sidelink UE information
In LTE V2X, the UE in RRC_CONNECTED may send sidelink UE information to inform the eNB that it is interested or no longer interested to transmit and/or receive V2X sidelink communication, and provide some necessary information which is related to the V2X services the UE is to transmit/receive and assists the eNB for the subsequent the sidelink resource configuration. Such necessary information may include, e.g. synchronization reference used by the UE, the destinations of the V2X services (which also reflect service types), the UE's interested carrier frequency(ies) of each destination, PPPR of the UE's available traffic, etc. 
Basically, the transmission and reception in sidelink are mainly related to the resource configurations in radio interface, which are decided by the eNB in LTE, and the aforementioned information may not be able to be got by the eNB itself or from the CN but can only be signalled via the UE (e.g. what the UEs' own interested carrier frequencies are, what traffic the UE currently has and what the corresponding PPPR(s) actually are, etc.). These seem to act as the main reason why such sidelink UE information need to be reported in LTE.
Similarly, in NR we may also need such sidelink UE information, and if this is confirmed, RAN2 may further study what specific information needs to be reported. 
Proposal 8: For RRC_CONNECTED UEs, sidelink UE information may need to be reported for NR V2X. If this is confirmed, RAN2 to further study what information needs to be included in this information to assist gNB's resource configuration (e.g. Destination information, Sync type UE tends to use, interested carrier frequency of each Destination, etc.).

2.6
UE Assistance Information
In LTE, UE assistance information provides the network with the traffic characteristics of sidelink logical channel(s) V2X sidelink communication and thoseof uplink logical channel(s) (e.g. the estimated data arrival periodicity, timing offset of the arrival, etc.. Such information could be used to assist semi-persistent scheduling configuration/activation by the eNB. 
In NR V2X, the traffic pattern reports are also regarded as benefical to assist the grant-free or grant based resource scheduling (e.g. configured grant type 1 and type 2) by the gNB for sidleink and/or uplink. Hence, such traffic pattern reporting via UE assistance information may also be needed for NR V2X.
Proposal 9: Traffic pattern reporting in UE assistance information should be supported to assist grant-free and/or grant-based resource allocation by the gNB for V2X communication in sidelink and/or uplink.
2.7
Cell reselection

In LTE V2X, the cell reselection for V2X sidelink communication was introduced as following [5]:
If the UE capable of V2X sidelink communication is configured to perform V2X sidelink communication and can only perform the V2X sidelink communication while camping on a frequency, the UE may consider that frequency to be the highest priority. If the UE capable of V2X sidelink communication is configured to perform V2X sidelink communication and can only use pre-configuration while not camping on a frequency, the UE may consider the frequency providing inter-carrier V2X sidelink configuration to be the highest priority.
It means, if the network supports V2X sidelink configuration, then the UE may consider the related frequency to be with the highest priority. 
Compared with legacy LTE V2X sidelink communication, however, some more factors may need to be considered regarding the cell (re)selection operation for NR V2X in sidelink. As captured in TR 38.913 [6], RAN has agreed that NR V2X shall complement LTE V2X for advanced V2X services, which indicates that LTE V2X and NR V2X can support different types of V2X services. On the other hand, from a UE's perspective, the UE may need the different V2X service supports from LTE V2X and NR V2X, respectively. Then if some frequencies only support LTE V2X and some others support both LTE V2X and NR V2X, it is unclear in this case what frequency the RRC_IDLE UE should actually selects as an appropriate frequency for the subsequent V2X sidelink communication. For example, if the UE is now camping on a frequency only supporting LTE sidelink, but then is instructed by the upper layers to transmit some NR V2X services, the transmission may not be able to be directly supported by the cell on the currently camped frequency. 
Based on such analyses, we therefore propose RAN2 to study impact on the cell reselection operation for V2X sidelink communication in NR, in terms of the RAT of sidelink each cell can provide.
Proposal 10: RAN2 to study potential impacts on cell reselection for V2X sidelink communication, in terms of the RAT of sidelink each cell can support.
3 Conclusion

This paper discusses the impacts on NR Uu RRC specification to support NR V2X sidelink, and we have the following observation and proposals:
Observation 1: In LTE, RRC connection can only be established for V2X sidelink communication if the concerned frequency is included in the SIB without Tx pool configured.
Proposal 1: Support V2X communication in sidelink at least for RRC_CONNECTED UEs and RRC_IDLE UEs in NR. 
Proposal 1a: RAN2 to study whether to support V2X communication in sidelink for RRC_INACTIVE UEs. 
Proposal 2: As in LTE, a V2X specific SIB should be introduced for NR V2X in sidelink. RRC_IDLE UEs can use the configurations in the V2X specific SIB to perform V2X sidelink communication.
Proposal 3: As RRC_IDLE UEs, an RRC_INACTIVE UE (if supported) uses the configurations provided in the SIB to perform V2X sidelink communication in NR.
Proposal 4: RAN2 to study the conditions for RRC connection establishment for V2X communication in NR sidelink.
Proposal 5: As in LTE, RRC_CONNECTED UEs in NR use the configurations for V2X sidelink communication in RRC dedicated signalling.
Proposal 6: Mobility enhancements should be studied for NR V2X sidelink communication to meet higher performance requirements of advanced V2X services.
Proposal 7: At least CBR measurement and reporting as well as geo-location reporting can be supported for NR sideink as in LTE V2X sidelink communication.
Proposal 8: For RRC_CONNECTED UEs, sidelink UE information may need to be reported for NR V2X. If this is confirmed, RAN2 to further study what information needs to be included in this information to assist gNB's resource configuration (e.g. Destination information, Sync type UE tends to use, interested carrier frequency of each Destination, etc.).


Proposal 9: Traffic pattern reporting in UE assistance information should be supported to assist grant-free and/or grant-based resource allocation by the gNB for V2X communication in sidelink and/or uplink.
Proposal 10: RAN2 to study potential impacts on cell reselection for V2X sidelink communication, in terms of the RAT of sidelink each cell can support.
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