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1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
Although in the current 38.331 running CR, the RRC connection establishment/resume conditions for NR SL directly used those for V2X sidelink communication in LTE, this could lead to some critical problems due to the big gap between the V2X service requirements supported by NR SL and those supported by V2X SL in LTE. In this contribution, therefore, we detail the issue and provide potential RRC connection establishment/resume conditions for NR SL.
2 Discussion
The basic logic of the RRC connection establishment conditions for LTE (V2X) SL communication is that if the mode-2/4 TX resource pools are already included in the SIB, then each UE configured to perform SL communication/V2X SL communication transmission has to keep in RRC_IDLE, using the TX resource pools in the SIB to perform UE autonomous resource selection. Only when no TX resource pool is included in the SL/V2X SL specific SIB can the UE enter RRC_CONNECTED to seek for gNB’s dedicated TX resource configuration or scheduling with a better performance.
This mechanism is regarded as acceptable for SL/V2X SL communication in LTE. The reason is that the services supported for SL/V2X SL in LTE are mainly public safety services and basic safety V2X services whose performance requirements are rather loose and can be considered as being able to be supported by mode-2/4 in RRC_IDLE, even with the resource collisions in the common TX resource pools shared by all UEs staying in RRC_IDLE within the cell. On top of that, if the operators of some NW motivate to provide better performance for sidelink, they can choose to include no TX resource pool in the SL/V2X SL specific SIB and trigger the UEs to enter RRC_CONNECTED which then can enjoy performance improvements via dedicated SL resource configuration. To this end, mode-1/3 and dedicated mode-2/4 in RRC_CONNECTED are actually some forms of optimization for SL/V2X SL communication in LTE, not a necessity.  
Observation 1: LTE SL/V2X SL communication support public safety and basic safety V2X services whose performance requirements can be supported by mode-2/4 for UEs staying in RRC_IDLE and using SIB-configured TX resource pools. Triggering UEs entering RRC_CONNECTED with TX resource pools absence in SIB and configuring mode-1/3 or dedicated mode-2/4 is thus an optimization.
By contrast, in NR sidelink communication, the situation is much different. The advanced V2X services are the main target that needs to be supported by NR sidelink communication. As per the service requirements defined by [1][2][3], some advanced V2X services can be with rather high service requirements, e.g. latency as low as 3 ms, reliability as high as 10-5, data rate as large as several Gbps, etc. It is almost impossible for such advanced V2X services to be supported, if a UE uses mode-2 in RRC_IDLE, considering the potential severe resource collisions in the common TX resource pools in the SIB; so if a UE is configured to transmit such services, it has to be able to enter RRC_CONNECTED to seek for dedicated SL resource, most likely mode-1 scheduling, from the gNB. To this end, in NR SL communication, entering RRC_CONNECTED to acquire dedicated TX resource configuration or scheduling is no more an optimization, but a necessity for some of the advanced V2X services.
Observation 2: Unlike LTE, in NR SL communication entering RRC_CONNECTED for dedicated TX resource configuration or scheduling is no more an optimization, but a necessity for some of the advanced V2X services with high QoS requirements.
This further means that, even if the mode-2 TX resource pools are included in the V2X specific SIB for NR SL, there is still the need for a UE to enter RRC_CONNECTED, if it is configured to perform some advanced V2X services having high performance requirements. 
Observation 2a: Directly reusing the RRC connection establishment conditions for LTE SL/V2X SL communication makes the advanced V2X services having high requirements never able to be served with acceptable performance in NR SL, when TX resource pools are included in the V2X specific SIB. 
Somebody may then ask: “why doesn’t the gNB, simply based on NW implementation, include no TX resource pool in the SIB and thus force all the UEs entering RRC_CONNECTED to enjoy mode-1, if it wants to serve those services with high requirements? Then we can still reuse the RRC connection establishment conditions for LTE sidelink”. We would say that this is nearly impossible. On the one hand, to achieve this means that not any gNB can include the TX resource pools in the V2X specific SIB (otherwise, the UE still cannot enter RRC_CONNECTED to have high-recruitment service being well served), as the NW cannot know in advance what specific services each UE is to be configured by the upper layers to transmit; therefore, this is equivalent to killing the whole feature of “transmitting sidelink in RRC_IDLE” in NR sidelink. On the other hand, to make all UEs performing NR SL transmission enter RRC_CONNECTED throughout the NW is impractical, because this can lead to unacceptably huge signalling overhead to Uu, especially considering the typical high-dense scenarios for V2X communication. 
Observation 3: If the RRC connection setup conditions for LTE SL/V2X SL communication are reused in NR SL, not any NW can include TX resource pools in the V2X specific SIB, so that every UE performing NR SL communication has to enter RRC_CONNECTED first, in order to provide acceptable performance for the advanced V2X services with high requirements. This is impractical, as it leads to unacceptably huge signalling overhead, considering the typical high-dense scenarios for V2X communication.
Above analyses mean that to reuse the RRC connection establishment conditions for LTE SL/V2X SL communication in NR will make the NW into dilemma and thus unable to find out a way to correctly configure the TX resources (i.e. can the NW configure TX resource pools in the V2X specific SIB at all?). Therefore, the RRC connection establishment conditions for NR SL should be re-considered by taking into account the service requirements of the V2X services to be transmitted by the UE.
Observation 4: The RRC connection setup conditions for LTE SL/V2X SL communication cannot be simply reused in NR SL, as they make the NW unable to find out a correct way for TX resource configuration due to Observation 2/2a and 3. Further considerations are needed in terms of service requirements of the advanced V2X services to be transmitted by the UE.
[bookmark: _GoBack]Based on the previous agreements, only PQI and optional range are include to describe the QoS flow(s) associated with each SLRB configuration in SIB, without taking rate requirements, i.e. GFBR and MFBR, into account [4].This means that the SLRB configurations included in the SIB are set by the gNB without the consideration of the GFBR and MFBR requirements of the GBR services. Moreover, as the UE in RRC_IDLE/INACTIVE can only rely on the autonomous resource selection in mode 2, then no matter what resource selection algorithm is designed, the collision of resources in the SIB-configured resource pools will always happen, and this will lead to the GFBR requirement of the GBR services unable to be satisfied strictly. However, this actually against the nature of GBR service itself, which just requires the GFBR requirements as to be as satisfied by the NW as possible, and thus for sure cannot suffer from a unreliably mode-2-like autonomous way of resource allocation which has been fully provided to be much inferior than the centralized resource scheduling by the gNB. Since the scheduling is the only possible way that can stringently the GFBR requirements of a GBR service, thus the UE shall trigger Uu RRC connection establishment/resume procedure, when it is instructed by the upper layers to transmit a PC5 QoS flow of a GBR service, so that the NW is able to provide mode-1 scheduling as well as appropriate corresponding SLRB configurations to satisfy the data rate requirement of GBR QoS flow.
Also, the NW can allow the UE to initiate connection establishment/resume procedure with some flexibility, if the default SLRB configuration is not included in SIB. Specifically, for an RRC_IDLE or RRC_INACTIVE UE, when upper layers initiate a PC5 QoS flow for SL transmission whose QoS profile is not included QoS profile list (e.g. those standardized PC5 QoS profiles with high requirements or non-standardized PC5 QoS profiles) in SIB, and the default SLRB configuration is not included in SIB, the UE can trigger Uu RRC connection establishment/resume procedure to request dedicated SL resource.
Moreover, for an RRC_IDLE or RRC_INACTIVE UE, when the UE measures CBR and finds it very high (e.g. the CBR is higher than a threshold), the mode 2 resources may not meet the QoS requirement of the on-going services, and thus the UE may need to trigger Uu RRC connection establishment/resume to obtain mode 1 resources or dedicated mode 2 resources. 
To sum up, the following RRC connection establishment/resume conditions for NR SL communication should be supported.
Proposal 1: For an RRC_IDLE or RRC_INACTIVE UE, it shall trigger Uu RRC connection establishment/resume procedure for NR SL communication, when
· the upper layers initiate a PC5 QoS flow with resource type of “GBR” for NR SL transmission; or
· the upper layers initiate NR SL transmission whose PC5 QoS profile is not included in QoS profile listed in SIB, and the default SLRB configuration is not included in SIB; or
· the measured CBR in the SIB-configured TX resource pool is higher than a configured threshold.
3 Conclusion
This contribution discusses the potential Uu RRC procedures and messages for sidelink. 
First, we briefly illustrate why the RRC connection establishment conditions for LTE SL communication and V2X SL communication can work in the LTE system, by the following observation:
Observation 1: LTE SL/V2X SL communication support public safety and basic safety V2X services whose performance requirements can be supported by mode-2/4 for UEs staying in RRC_IDLE and using SIB-configured TX resource pools. Triggering UEs entering RRC_CONNECTED with TX resource pools absence in SIB and configuring mode-1/3 or dedicated mode-2/4 is thus an optimization.
Then we justify that entering RRC_CONNECTED for dedicated TX resource configuration or scheduling is no more an optimization, but a necessity for some advanced V2X services with high requirements which should be supported by NR SL, and thus elaborate why simply resuing the RRC connection establishment condition for LTE SL does not work in NR SL.
Observation 2: Unlike LTE, in NR SL communication entering RRC_CONNECTED for dedicated TX resource configuration or scheduling is no more an optimization, but a necessity for some of the advanced V2X services with high QoS requirements.
Observation 2a: Directly reusing the RRC connection establishment conditions for LTE SL/V2X SL communication makes the advanced V2X services having high requirements never able to be served with acceptable performance in NR SL, when TX resource pools are included in the V2X specific SIB. 
Observation 3: If the RRC connection setup conditions for LTE SL/V2X SL communication are reused in NR SL, not any NW can include TX resource pools in the V2X specific SIB, so that every UE performing NR SL communication has to enter RRC_CONNECTED first, in order to provide acceptable performance for the advanced V2X services with high requirements. This is impractical, as it leads to unacceptably huge signalling overhead, considering the typical high-dense scenarios for V2X communication.
Observation 4: The RRC connection setup conditions for LTE SL/V2X SL communication cannot be simply reused in NR SL, as they make the NW unable to find out a correct way for TX resource configuration due to Observation 2/2a and 3. Further considerations are needed in terms of service requirements of the advanced V2X services to be transmitted by the UE.
Based on the above observations and issues identified, we propose the factors that need to be further considered in the RRC connection establishment procedure for NR SL, as follows:
Proposal 1: For an RRC_IDLE or RRC_INACTIVE UE, it shall trigger Uu RRC connection establishment/resume procedure for NR SL communication, when
· the upper layers initiate a PC5 QoS flow with resource type of “GBR” for NR SL transmission; or
· the upper layers initiate NR SL transmission whose PC5 QoS profile is not included in QoS profile listed in SIB, and the default SLRB configuration is not included in SIB; or
· the measured CBR in the SIB-configured TX resource pool is higher than a configured threshold.
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