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1 Introduction
According to TS 22.185 [1], SA1 has defined a variety of service requirements that should be satisfied for V2X services. Recently, SA2 has further confirmed the QoS that should be technically supported for PC5-based V2X transport, as shown in their LS response to RAN2 [2]. Besides the progress of SA WGs, the V2X WI recently setup by RAN also agreed QoS support of V2X as one of its major objectives as follows [3] 

	5) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Support of QoS depending on the outcome of SA2 work [RAN2, RAN3]
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]


In this contribution, therefore, we discuss how to support the QoS requirements for PC5-based V2X from the RAN side, and particularly specify some related technical solutions from a high-layer perspective.
2 Discussion 
In the LS [2], SA2 has reached the following conclusions on QoS support of PC5-based V2X, which is going to be frequently referred to in the rest of this contribution. 
	3GPP SA2 discussed support of QoS for PC5 and Uu based V2X with the following conclusions:

· For PC5 based V2X message: 

· MME, provides the UE-PC5-AMBR based on subscription information to the eNB as part of the UE context information 

· Each V2X packet is sent to AS with a PPPP.

· UE provides priority information reflecting PPPP to the eNB for resources request.
· When the eNB receives a request for PC5 resource from a UE, the eNB can deduce the packet delay budget and reliability from the priority information from the UE. The mapping between priority information and packet delay budget /reliability may be based on provisioning e.g. O&M configuration or be defined in specification. 


Based on the above conclusion, we can identify that the specific QoS requirements that should be supported for PC5-based V2X include UE-specific AMBR, latency, reliability and priority. 

Proposal 1: According to SA2, the specific QoS requirements that need to be supported for PC5-based V2X communication include UE-specific AMBR, latency, reliability and priority.  
How to support the above QoS for PC5-based V2X is discussed below. From RAN2’s perspective, radio bearer/logical channel configuration and resource allocation mechanisms are two aspects relevant to QoS support. Accordingly, we will propose some solutions addressing respectively these two aspects. 

2.1 SL Radio Bearer and SL Logical Channel Configuration 
Existing Rel-13 D2D can only support priority handling but not full QoS. In particular, the sidelink logical channels in existing Rel-13 D2D are associated with only PPPP but do not reflect any other QoS requirements, and there is no existing resource allocation mechanism available for the QoS guarantees other than priority over PC5. 
In order to guarantee the QoS requirements for PC5-based V2X, each SL logical channel should be associated with the corresponding QoS requirements. Since AMBR is a UE-specific parameter among the QoS parameters listed in Proposal 1, the set of QoS requirements associated per SL logical channel may include latency, reliability and priority. 
Proposal 2: Each sidelink logical channel can be associated with a set of QoS requirements which may include latency, reliability and priority.
Moreover, from the above conclusion of SA2, there should be a mapping between the priority information (reflecting PPPP) and delay budget/reliability, which means that a set of QoS requirements consisting of latency, reliability and priority can be uniquely identified by the priority. Therefore, the set of QoS requirements associated with each SL logical channel for PC5-based V2X can be uniquely identified by the specific priority included, and the UE can map each V2X message into the correct SLRB according to the PPPP associated with the message. 
Observation 1: The QoS requirements associated with each SL logical channel for PC5-based V2X (i.e. latency, reliability and priority) can be uniquely identified by the specific priority (reflecting PPPP) included, so the UE can map each V2X message to the  proper SLRB based on the associated PPPP. 
With the above discussions, the configuration of SLRBs and SL logical channels for PC5-based V2X is discussed for UEs in RRC_CONNECTED and in RRC_IDLE respectively as follows. 

· RRC_CONNECTED 
In Rel-12/13, it is up to UE implementation when/whether to setup a sidelink logical channel, whereas the eNB just allocates resources for those SL logical channels created. 
In order to guarantee QoS for V2X, UEs in RRC_CONNECTED may create SL logical channels for the V2X messages available for transmission with any QoS requirements. Then, a UE with scheduled resource allocation (i.e. Mode 1) may send SR/BSR to request resources for the data in all the SL logical channels setup by itself. However, in the case of overload, e.g. high-density situations, the eNB may only schedule SL resources for a proportion of V2X messages (e.g. higher priority like DENM), so that the SR/BSR triggered by some SL logical channels (i.e. lower priority like non-safety V2X) and sent to the eNB by the UE may not actually get resources and thus be unnecessarily wasted. To this end, the eNB may simply not setup the SL logical channels for which it will not schedule resources in case of overload, so as to avoid such a problem with wasted scheduling overhead. Hence, it is helpful that the eNB controls SL logical channel creation for UEs with Mode 1. 
UEs in RRC_CONNECTED can also be configured with UE autonomous resource selection (i.e. Mode 2). Then, if SL logical channels are created and configured completely by the UEs themselves, each UE with Mode 2 may select as many SL resources as needed to satisfy the QoS associated with all the SL logical channels it has configured. This is quite likely to result in severe resource collisions and lead to congestion, especially for high-density scenarios.  Therefore, even for the UEs transmitting PC5-based V2X with Mode 2, it remains necessary for the NW to provide some control to the SLRB and SL logical channel configuration, in order to avoid potential problems of congestion. 

From the above analyses, it can be observed that the existing SL logical channel configuration mechanism based on UE implementation may lead to problems with scheduling overhead wastage for UEs in RRC_CONNECTED with Mode 1 or problems with congestion for UEs in RRC_CONNECTED with Mode 2. 

Observation 2: Existing SL logical channel configuration based on UE implementation may lead either to a potential problem of scheduling overhead wastage for UEs in RRC_CONNECTED with Mode 1 or a potential problem of congestion for UEs in RRC_CONNECTED with Mode 2.  

As a result, it could be beneficial for the eNB to control whether a SL logical channel should be created for UEs in RRC_CONNECTED. As the UEs transmitting PC5-based V2X are in RRC_CONNECTED, therefore, upon arrival of a V2X 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. Considering that “the eNB can deduce the packet delay budget and reliability from the priority information from the UE” as per SA2’s conclusion above [2], the UE may only need to report the priority of the V2X message.
Proposal 3: As for UEs in RRC_CONNECTED, upon arrival of a V2X message associated with a new set of QoS requirements that requires a new SL logical channel, the UE should first report the priority associated with the V2X message to the eNB, so that the eNB can deduce other QoS parameters accordingly and make the final decision on creating and configuring a new SL logical channel.
For RRC_CONNECTED UEs, the eNB would perform SL logical channel configuration via dedicated signalling, which is in line with legacy logical channel configuration. 
· 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. Thus, UEs in RRC_IDLE may face a similar problem of congestion as identified above for UEs in RRC_CONNECTED with Mode 2. Consequently, it remains necessary for the eNB to provide some control to the SLRB and SL logical channel configuration in SIB, in order to avoid the potential problem of congestion. 

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. 
For both the RRC_CONNECTED UE and the RRC_IDLE UE, as discussed above, SL logical channels for PC5-based V2X should be setup/configured by the eNB rather than UE implementation, due to their respective QoS requirements. By contrast, the AMBR is a UE-specific parameter, which gives the maximum total transmission rate allowed for the whole UE. Nevertheless, since the existing SL logical channel priority procedure multiplexes data completely in decreasing order of priority, it is possible that some higher-priority V2X messages (e.g. DENM) may be transmitted at an excessively high rate, but other lower-priority ones may always suffer from rather low rate or even starvation, even if the total transmission rate of the UE meets its AMBR requirement. Such a problem is even worse in high-density scenarios. For example, a UE may be allocated with an SL grant that can hardly accommodate the parallel transmission of CAM and DENM in a rather crowded road; so that it may only transmit the higher-priority DENM but be unable to transmit CAM, which is unacceptable. Note that, in fact, each type of V2X message has its own transmission frequency requirement which can be equivalently treated as transmission rate [4]. To this end, at least each SL logically channel should be configured with a Prioritized Bit Rate by the eNB, used to achieve the minimum transmission rate required by the corresponding V2X messages. 

Proposal 5: For both an RRC_CONNECTED UE and an RRC_IDLE UE, the SL logical channels for PC5-based V2X should be setup/configured by the eNB, with each specifically configured with at least a Prioritized Bit Rate.  
2.2 Resource Allocation Mechanism 
Now we focus on how to satisfy the QoS requirements of V2X from the perspective of resource allocation over PC5. The QoS requirements to be addresses are respectively latency, reliability, AMBR and priority. In the following, the discussions are carried out for scheduled resource allocation (i.e. Mode 1) and UE autonomous resource selection (i.e. Mode 2) respectively
2.2.1  Scheduled Resource Allocation
Scheduled resource allocation depends on the eNB to schedule dedicated SL resources sufficient to meet the QoS requirements for a UE. According to [2], the UE can provide priority information reflecting PPPP to the eNB for a resource request and the eNB can deduce the delay budget and reliability from this priority. In such a manner, therefore, the eNB is able to obtain the QoS requirements of latency, reliability and priority of the V2X messages to be transmitted by the UE and schedule SL resources to guarantee these specific requirements accordingly. Particularly, the priority information can be conveyed by the ProSe BSR, which is in line with existing sidelink design. 

By contrast, for the UE-specific AMBR, the eNB can assign the UE a limited amount of SL resources to limit its total transmission rate below its specific AMBR limitation. How the eNB assigns the specific SL resources to meet these QoS requirements of a UE is up to eNB implementation. 
Proposal 6: For scheduled resource allocation, a UE can inform the eNB the priority information of V2X messages by ProSe BSR, which enables the eNB to deduce the QoS requirements of the UE’s V2X messages and schedule SL resources to meet these QoS requirements via eNB implementation. 
On the other hand, at the UE side, the resource allocation among SL logical channel is performed by the SL logical channel prioritization procedure (LCP). The existing SL LCP in Rel-13 can realize priority handling among SL logical channels in decreasing priroity order only. With prioritized bit rate being potentially introduced to each eNB-configured SL logical channel as shown in Proposal 5, enhancements for SL LCP may be therefore needed for PC5-based V2X.
Observation 3: With prioritized bit rate configured for each SL logical channel as in Proposal 5, enhancements for SL logical channel prioritization procedure may be needed for PC5-based V2X. 

2.2.2  UE Autonomous Resource Selection
In contrast to scheduled resource allocation where the eNB assigns SL resources for a UE, a UE performing UE autonomous resource selection has to select SL resources for its V2X transmissions in relevant resource pools by itself. As a result, it makes sense for UEs with Mode 2 to know the actual QoS requirements are for each V2X message, so as to figure out how many SL resources should be selected accordingly
Further considering that each V2X packet is sent to AS with a PPPP and the eNB has the mapping between the priority (reflecting PPPP) and delay budget/reliability as decided by SA2 in [2], the eNB may inform this mapping to in-coverage UEs, by which the UE can deduce the reliability and latency requirements of each V2X message from the associated PPPP. For out-of-coverage UEs, such a mapping can be preconfigured inside the UE. 
Proposal 7: For in-coverage UEs with Mode 2, the eNB should inform the UE about the mapping between priority (i.e. PPPP) and delay budget/reliability for V2X, so that the UE can deduce the latency/reliability requirements of each V2X message from the associated PPPP and select SL resources accordingly. For out-of-coverage UEs, such mapping can be preconfigured. 
Below, we discuss how to address latency, reliability, AMBR and priority with UE antonymous resource selection respectively. 
· Latency
Based on RAN1’s progress for UE autonomous resource selection so far, for each time of resource (re)selection, the lower layer of the UE may provide a set of available time-frequency resources for the UE to select from according to its own sensing results. However, considering the latency requirements associated with V2X messages, it may not be wise for a UE to randomly select during the available resources set, since the latency requirements may not be met if the UE selects the resources in a subframe far after the actual message arrival. As a result, when (re)selecting in the available resource set, the UE should not select an SL grant in the subframes which potentially exceed the actual latency requirements of its V2X messages to be transmitted. 
Proposal 8:  When (re)selecting within the available resource set provided by the lower layer, a UE with Mode 2 should not select an SL grant in those subframes which may exceed actual latency requirements of its V2X messages to be transmitted. 
· Reliability

From the perspective of message importance, some event-triggered messages, such as stationary vehicle message, may have rather strict reliability and are thus better to be supported by scheduled resource allocation instead of UE antonymous resource selection. By contrast, some other messages with comparatively lower reliability (e.g. CAM messages transmitted in a freeway) are better to be served by Mode 2, mainly to save scheduling overhead. As different types of V2X messages are likely to be generated in parallel within a UE, it is hence proposed that both scheduled resource allocation and UE autonomous resource selection can be supported in a UE for V2X messages with different reliability requirements. 
Proposal 9: 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 V2X messages with different reliability requirements.
· PC5-UE-AMBR
For a UE applying Mode 2, the NW should inform the AMBR to the UE, so that the UE should take the AMBR as the upper bound for its transmit rate, and should not select excessive resources and transmit data exceeding this AMBR. 
As the PC5-UE-AMBR is based on the UE’s subscription and is sent from the MME to the eNB according to SA2’s decision, it thus may also be sent directly from the MME to the UE, e.g. via NAS messages, which falls into the scope of SA2. How the UE selects resources within the limitation of AMBR can be left to UE implementation. 
· Priority Handling

Similar to above Observation 2 for scheduled resource allocation, as existing SL LCP for intra-UE priority can support only priority handling but not yet QoS satisfaction. Potential enchantments may be needed as well for SL LCP in UE autonomous resource selection, so as to further provide QoS guarantees for each SL logical channels.

Regarding inter-UE priority handling, RAN1 has agreed that the priority of the V2X message transmitted is included in the associated SCI. So, for its V2X messages to be sent, a UE may be allowed to preempt an SL grant being occupied by other UEs’ V2X messages with lower priority, if, for example, the UE fails to find an available SL grant timely enough to meet the latency required by its V2X transport due to sensing. 
Proposal 10: For its V2X messages to be transmitted, a UE with Mode 2 may select an SL grant being occupied by other UEs’ V2X messages with lower priority, in case that, e.g., the UE cannot find an available SL grant timely enough to meet the latency required by its V2X messages due to sensing. 

3 Conclusion
This contribution discusses how to support the QoS for PC5-based V2X transport. Some proposals are proposed as follows. 

Observation 1: The QoS requirements associated with each SL logical channel for PC5-based V2X (i.e. latency, reliability and priority) can be uniquely identified by the specific priority (reflecting PPPP) included, so the UE can map each V2X message to the  proper SLRB based on the associated PPPP. 

Observation 2: Existing SL logical channel configuration based on UE implementation may lead either to a potential problem of scheduling overhead wastage for UEs in RRC_CONNECTED with Mode 1 or a potential problem of congestion for UEs in RRC_CONNECTED with Mode 2.  

Observation 3: With prioritized bit rate configured for each SL logical channel as in Proposal 5, enhancements for SL logical channel prioritization procedure may be needed for PC5-based V2X. 

Proposal 1: According to SA2, the specific QoS requirements that need to be supported for PC5-based V2X communication include UE-specific AMBR, latency, reliability and priority.  
Proposal 2: Each sidelink logical channel can be associated with a set of QoS requirements which may include latency, reliability and priority.
Proposal 3: As for UEs in RRC_CONNECTED, upon arrival of a V2X message associated with a new set of QoS requirements that requires a new SL logical channel, the UE should first report the priority associated with the V2X message to the eNB, so that the eNB can deduce other QoS parameters accordingly and 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 both an RRC_CONNECTED UE and an RRC_IDLE UE, the SL logical channels for PC5-based V2X should be setup/configured by the eNB, with each specifically configured with at least a Prioritized Bit Rate.  
Proposal 6: For scheduled resource allocation, a UE can inform the eNB the priority information of V2X messages by ProSe BSR, which enables the eNB to deduce the QoS requirements of the UE’s V2X messages and schedule SL resources to meet these QoS requirements via eNB implementation. 
Proposal 7: For in-coverage UEs with Mode 2, the eNB should inform the UE about the mapping between priority (i.e. PPPP) and delay budget/reliability for V2X, so that the UE can deduce the latency/reliability requirements of each V2X message from the associated PPPP and select SL resources accordingly. For out-of-coverage UEs, such mapping can be preconfigured. 

Proposal 8:  When (re)selecting within the available resource set provided by the lower layer, a UE with Mode 2 should not select an SL grant in those subframes which may exceed actual latency requirements of its V2X messages to be transmitted. 
Proposal 9: 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 V2X messages with different reliability requirements.

Proposal 10: For its V2X messages to be transmitted, a UE with Mode 2 may select an SL grant being occupied by other UEs’ V2X messages with lower priority, in case that, e.g., the UE cannot find an available SL grant timely enough to meet the latency required by its V2X messages due to sensing.  
4 Reference
[1] 3GPP TS 22.185, Technical Specification Group Services and System Aspects; Study on LTE support for Vehicle to Everything (V2X) services (Release 14)
[2] S2-163081, LS Response on QoS requirements for V2X; SA WG2. 
[3] RP-161298, New WI proposal: LTE-based V2X Services, LG Electronics, Huawei, CATT.
[4] R2-162284, QoS Requirements for V2X transmission, Huawei, HiSilicon.








































































































































































































































































































































 2/6

