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1 Introduction
According to TR 22.885 [1], V2X communications have some specific QoS requirements, which mainly include latency, reliability, transmission frequency and priority, as defined by SA1. In this contribution, we discuss how to support these QoS requirements for PC5-based V2V transport from the RAN side, and particularly specify some related technical solutions from a high-layer perspective.
2 Discussion 
In our earlier contribution [2], we analyzed the QoS requirements for V2X as defined by SA1 in [1] and identified that QoS that should be supported for V2X communication including latency, reliability, transmission frequency, and priority. 

Proposal 1: According to SA1, there are QoS requirements that need to be supported for V2X communication. These QoS requirements include latency, reliability, transmission frequency, and priority.  
Towards this end, how to support the QoS of PC5-based V2V is discussed below, based on the QoS parameters captured above. From RAN2’s perspective, radio bearer/logical channel configuration and resource allocation mechanisms in MAC are two aspects that are relevant to QoS support. Accordingly, we will propose some solutions for the QoS support of PC5-based V2V addressing respectively these two aspects. 

2.1 SL Radio Bearer and Logical Channel Configuration 
In Rel-13 D2D communication, priority handling can already be supported over PC5. From a higher-layer perspective, each logical channel and its corresponding sidelink radio bearer (SLRB) is associated with a ProSe Per-Packet Priority (PPPP) which in turn acts as the priority of the logical channel. Then, for each D2D packet to be transmitted, the upper layers will provide to the AS layer the PPPP of the packet, and then the packet will be delivered into the SLRB with the same PPPP. In the end, logical channel prioritization (LCP) is performed among different logical channels to encapsulate the data of different priorities.  
Particularly, in Rel-13 the mapping between LCID and PPPP, and the configuration for sidelink logical channels (and also the corresponding SLRB) are left to UE implementations. In addition, it is up to upper layers how to convey the PPPP to the AS layer. 
However, Rel-13 D2D can only support priority handling but not full QoS. By being associated with PPPP only, sidelink logical channels in existing D2D do not reflect any other QoS requirements, and there is no existing resource allocation mechanism which guarantees QoS requirements other than priority. 
In order to guarantee the QoS requirements defined by SA1 for V2X, the corresponding requirements should be associated with the sidelink logical channel. There are multiple QoS requirements for each D2D packet, e.g., priority, latency, reliability, and transmission frequency. Following the Rel-13 D2D approach, the requirements can be provided from upper layers to the AS layer along with each V2V message is the details are up to SA2.   
Proposal 2: Each sidelink logical channel can be associated with a set of QoS requirements.

With the above proposal, the configuration of SLRB and logical channels for PC5-based V2V are discussed respectively for the UEs in RRC_CONNECTED and in RRC_IDLE as follows. 

· RRC_CONNECTED 
In Rel-12/13, it is up to UE implementation when/whether to setup a sidelink logical channels, and the eNB just allocates resources for those created SL logical channels. In order to guarantee QoS for V2X, the creation of too many SL logical channels should be avoided, as this could lead to traffic overload in a cell. In case the cell is overloaded, the eNB may only setup the SL logical channel for the V2X traffic of higher priority (e.g., DENM).
As a result, it could be beneficial for the eNB to control whether a SL logical channel should be created according to the QoS requirements of the data waiting for transmission. As the UEs transmitting PC5-based V2V are in RRC_CONNECTED, therefore upon arrival of a V2V message which is associated with a new set of QoS requirements and which requires a new SL logical channel, the UE should first report this specific new set of requirements to the eNB. The eNB should make the final decision on whether/how to create a new SL logical channel for this specific UE. In this manner, the eNB would perform SL logical channel configuration via dedicated signalling. 
Proposal 3: As for UEs in RRC_CONNECTED, upon arrival of a V2V message which is associated with a new set of QoS requirements and requires a new SL logical channel, the UE should first report the new set of QoS requirements to the eNB, and the eNB should make the final decision on creating and configuring a new SL logical channel.

· RRC_IDLE 
UEs are also allowed to perform sidelink communication in RRC_IDLE mode, using UE autonomous resource selection from the common resource pools configured in SIB as in Rel-12/13. For autonomously selected SL resources, a UE performs only priority handling among the SL logical channels configured by the UE itself. 

By contrast, the SL logical channels setup for PC5-based V2V can be associated with a specific set of QoS requirements.  As a result, if SL logical channels are created and configured by UEs in RRC_IDLE, each UE may select as many SL resources as required for all logical channels it has configured. This is quite likely to result in severe resource collisions and lead to congestion especially for the high-density scenarios that are quite common for V2V.  Therefore, even for the UEs transmitting PC5-based V2V in RRC_IDLE, it remains necessary for the NW to provide some control to the SLRB and logical channel configuration in SIB, in order to avoid the potential problem of congestion. 

Observation 1: If the UE in RRC_IDLE autonomously creates and configures SL logical channels and transmits V2V on the resource pools configured in SIB, severe congestion and collisions may occur especially in the high-density scenario. 

Proposal 4: As for UEs in RRC_IDLE, it remains necessary for the eNB to control the configuration of SLRBs and SL logical channels in SIB. 
2.2 Resource Allocation Mechanism 
Now we focus on how to satisfy the QoS requirements of V2V from the perspective of resource allocation mechanisms over PC5. The QoS requirements to be addresses are respectively latency, frequency, reliability and priority. 
2.2.1 Latency
· Scheduled resource allocation 
The scheduled resource allocation depends on the eNB to allocate dedicated SL resources for a UE. Thus, it is important for the eNB to know the specific latency required by the V2V message(s) to be transmitted.  Specifically, the UE can indicate to the eNB the set of QoS requirements of the data to be transmitted in the ProSe BSR. Then according to the ProSe BSR, the eNB can obtain the latency requirement of the data and schedule SL resources to guarantee this latency requirement. 
Proposal 5: For Scheduled resource allocation, the UE can inform the eNB of the set of QoS requirements for the data to be transmitted, which enables the eNB to obtain the specific latency requirements of V2V messages and schedule SL resources for the UE correspondingly. 
· UE autonomous resource selection 
By contrast, the latency of UE autonomous resource selection includes the time that a UE has to wait for the opportunity of the new transmission, and the time for the new transmission and retransmissions of a V2V message. The worst case as illustrated in Fig.1 is that of the V2V message arriving at the beginning of an SC period misses the transmission opportunities in the first SC period and has to be transmitted in the next SC period, and the UE selects the SL resources at the end of the next SC period for transmission of this V2V message. 
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Fig.1 The worst case in terms of latency

This is to say, in the worst case, a UE has to wait for about 2 × SC period till the message is transmitted. Therefore, the latency of PC5-based V2V, for UE autonomous resource selection, relies heavily on the configuration of SC period of the resource pools. In order to satisfy the latency requirements of V2V as much as possible, the SC period should be set less than or equal to half of the latency requirements of V2V. For UEs in coverage, the eNB should configure the resource pool with the specific SC period according to the latency requirement. For UEs out of coverage, the resource pools should be preconfigured with the SC period which can satisfy the V2V latency requirement. 
Observation 2: The latency for UE autonomous resource selection relies heavily on the SC period of resource pools for PC5-based V2V transport; and the SC period should be set less than or equal to half of the latency requirements of V2V. 
Proposal 6: For UE autonomous resource selection, a resource pool with the specific SC period which can satisfy the V2V latency requirement should be configured by the eNB for the in-coverage case, and preconfigured for the  out-of-coverage case.
2.2.2  Transmission Frequency
The transmission frequency of V2V messages can be up to 10 Hz as defined by SA1 [1].  However, once the density becomes high, the limited system resources are not sufficient for very frequent V2V transmissions. The transmission frequency can be typically regarded as equivalent to the transmission rate [2]. Therefore, some resource allocation mechanism is needed to control transmission frequency or transmission rate in AS layers, so as to deal with the resource congestion in high-density scenarios. 
For both scheduled resource allocation and UE autonomous resource selection, upon receiving SL grants from the eNB or selecting SL resources from the configured resource pools, and based on the LCP procedure, the UE first allocates resources to the SL logical channel with the highest priority, and then allocates the remaining resources to the SL logical channels of lower priorities. Therefore, the UE only needs to allocate sufficient resources to guarantee the transmission frequency requirement, but does not need to allocate resources for the data sent by the application layer beyond this requirement. The benefit of this mechanism is that the requirements of lower priority logical channels can be satisfied without affecting the required performance of higher priority logical channels.
One way to implement this mechanism is to apply the Prioritized Bit Rate (PBR) to SL logical channels, in the same way as it is applied to Uu UL. PBR should be considered in the SL logical channel prioritization procedure, to allocate SL resources to a logical channel guaranteeing a specific bit rate which corresponds to a specific transmission frequency.
Proposal 7: For both scheduled resource allocation and UE autonomous resource selection, the UE only needs to allocate enough resources to guarantee a specific transmission frequency requirement, but does not need to allocate more resources than the requirement for the V2V message in a SL logical channel. 

Proposal 8: Prioritized Bit Rate (PBR) can be applied to SL logical channel prioritization to guarantee a specific bit rate which corresponds to a specific transmission frequency for a SL logical channel.
2.2.3 Reliability
As analyzed in [2], different V2V messages may have different transmission reliability requirements. For example, the imminent crash V2V message may require as high as 95% reliability, while other CAM messages transmitted on a freeway may need only 80% reliability. 
In case UE autonomous resource selection is applied, each resource pool can be associated with some reliability levels. Different resource pools can be configured for different reliability requirements. For transmitting V2V messages requiring higher reliability, a resource which is shared by fewer UEs can be configured to reduce the collision probability, and vice versa. 

Proposal 9: For the UE autonomous resource selection mechanism, each pool is associated with some reliability levels. The UE transmits the V2V message on the pool associated with the corresponding reliability level.
For the scheduled resource allocation mechanism, the eNB should also support different resource assignments based on the reliability requirements. For instance, the eNB could schedule dedicated resources only for some event-triggered V2V messages such as stationary vehicle warning message to meet the strict reliability requirement. For other V2V messages of lower reliability (e.g. CAM messages transmitted in freeway), the eNB could schedule the available resources which could be shared by other UEs.
However, V2V services with high frequency like 10 Hz will cost significant signalling overhead from using the scheduled resource allocation mechanism. Considering the tradeoffs between signalling overhead and transmission reliability, both mode1 and mode2 can be supported in a UE for V2V messages with different reliability requirements. Some event-triggered V2V traffic such as stationary vehicle warning messages are better transmitted in mode1 and other messages required lower reliability can be transmitted in mode2 to reduce the signalling overhead.
Proposal 10: Both scheduled resource allocation (i.e., Mode 1) and UE autonomous resource selection (i.e., Mode 2) can be simultaneously supported in a UE for V2V messages with different reliability requirements.
2.2.4  Priority Handling

Basically, the PPPP mechanism for Rel-13 sidelink communication may be reused to deal with the priority handling of PC5-based V2V. Specifically, the upper layers should provide the specific PPPP associated with each V2V message to the AS layers, based on which the UE performs the priority handling as specified for Rel-13 sidelink communication. 

Proposal 11: The PPPP mechanism for Rel-13 siedlink communication can be reused for the priority handling of PC5-based V2V. Particularly, the upper layers should provide PPPP associated with each V2V message to the AS layer, so that the AS layer can perform the priority handling as with Rel-13 sidelink communication. 
3 Conclusion
This contribution discusses how to support the QoS for PC5-based V2V transport. Some proposals are proposed as follows. 

Observation 1: If the UE in RRC_IDLE autonomously creates and configures SL logical channels and transmits V2V on the resource pools configured in SIB, severe congestion and collisions may occur especially in the high-density scenario. 

Observation 2: The latency for UE autonomous resource selection relies heavily on the SC period of resource pools for PC5-based V2V transport; and the SC period should be set less than or equal to half of the latency requirements of V2V. 

Proposal 1: According to SA1, there are QoS requirements that need to be supported for V2X communication. These QoS requirements include latency, reliability, transmission frequency, and priority.  
Proposal 2: Each sidelink logical channel can be associated with a set of QoS requirements.

Proposal 3: As for UEs in RRC_CONNECTED, upon arrival of a V2V message which is associated with a new set of QoS requirements and requires a new SL logical channel, the UE should first report the new set of QoS requirments to the eNB, and the eNB should make the final decision on creating and configuring a new SL logical channel.

Proposal 4: As for UEs in RRC_IDLE, it remains necessary for the eNB to control the configuration of SLRBs and SL logical channels in SIB. 

Proposal 5: For Scheduled resource allocation, the UE can inform the eNB of the set of QoS requirements for the data to be transmitted, which enables the eNB to obtain the specific latency requirements of V2V messages and schedule SL resources for the UE correspondingly. 
Proposal 6: For UE autonomous resource selection, a resource pool with the specific SC period which can satisfy the V2V latency requirement should be configured by the eNB for the in-coverage case, and preconfigured for the out-of-coverage case.

Proposal 7: For both scheduled resource allocation and UE autonomous resource selection, the UE only needs to allocate enough resources to guarantee a specific transmission frequency requirement, but does not need to allocate more resources than the requirement for the V2V message in a SL logical channel. 

Proposal 8: Prioritized Bit Rate (PBR) can be applied to SL logical channel prioritization to guarantee a specific bit rate which corresponds to a specific transmission frequency for a SL logical channel.
Proposal 9: For the UE autonomous resource selection mechanism, each pool is associated with some reliability levels. The UE transmits the V2V message on the pool associated with the corresponding reliability level.

Proposal 10: Both scheduled resource allocation (i.e., Mode 1) and UE autonomous resource selection (i.e., Mode 2) can be simultaneously supported in a UE for V2V messages with different reliability requirements. 
Proposal 11: The PPPP mechanism for Rel-13 siedlink communication can be reused for the priority handling of PC5-based V2V. Particularly, the upper layers should provide PPPP associated with each V2V message to the AS layer, so that the AS layer can perform the priority handling as with Rel-13 sidelink communication. 
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