[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #94				R1-1809287
Gothenburg, Sweden, August 20th – 24th, 2018
Source 	: CAICT
Title 	: Considerations on Resource Allocation of NR V2X Sidelink 
Agenda Item	: 7.2.4.1.4
Document for	: Discussion and Decision
Introduction
In RAN meeting #80, the new study item of NR V2X gets approved [1]. It intends not to replace the services already supported by LTE V2X, but to complement LTE V2X for advanced V2X services given in TS 22.186 and support interworking with LTE V2X. According to TS 22.186, the advanced V2X services includes the four categories of vehicles platooning, extended sensors, advanced driving and remote driving, with much higher requirements of latency, transmission rate and reliability compared to the services requirements of LTE V2X, as shown in Fig.1. 
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Fig.1. Key performance requirements for advanced V2X applications
The NR system would be further enhanced and a new NR sidelink is in need to fulfil the stringent requirements. In the scope of NR V2X SI, the identification of technical solutions for a NR sidelink design is one of the kernel objectives, which includes the following aspects:
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like))
· Study sidelink L2/L3 protocols
 In this contribution, we give our preliminary considerations on the issues about resource allocation design of sidelink for advanced V2X services in the NR system. Observations and proposals are given accordingly. 
Issues about Resource Allocation Mechanism 
Transmission Modes
Transmission mode is kind of fundamental problem and should be clarified first for sidelink resource allocation mechanism design. In LTE, two transmission modes called Mode3 and Mode4 are considered for V2X services. Specifically, in Mode 3, the resource selection is managed by eNB to serve the Vehicle UEs(V-UEs) in the coverage of eNB. And in Mode 4, the resource is competed in an autonomous way for V-UEs whether in or out of cellular coverage. If V-UEs are in the coverage of eNB for Mode 4, the V2X sidelink configurable parameters are controlled and informed by eNB, otherwise the pre-configured parameters are utilized for V-UEs out of eNB’s coverage. The V2X sidelink configurable parameters consist of the carrier frequency of the V2X channel, the V2X resource pool, synchronization references, the sub-channelization scheme, the number of sub-channels per sub-frame, and the number of RBs per sub-channel. In NR system, resource selection for V2X sidelink should also consider at least the two modes like Mode 3 and Mode 4 of LTE V2X, one for centralized resource allocation under the control of gNB for V-UEs in gNB’s coverage, and the other for distributed resource allocation for V-UEs in or out of gNB’s coverage. 
Proposal 1: At least two transmission modes of NR V2X sidelink should be considered for centralized and distributed resource allocation, respectively. 
Basic Resource Allocation Methods
The resource allocation methods can be generally classified into two types in consistent with transmission method, one is carried out in a centralized way where the resource for NR V2X sidelink communications is allocated by a central node, and the other is carried out in a distributed way where vehicles compete the resource fully independently. Further discussions about the two types of resource allocation methods are described as follows.
(1) Type 1: Centralized Resource Allocation 
In LTE V2X, this type is linked to Mode 3 and the central mode in charge of sidelink communication resource is eNB. Therefore, this type of resource allocation can only be applied to V-UEs in the cellular coverage for LTE V2X. For NR V2X in the cellular coverage, it shall also prefer gNB as the central node for centralized resource allocation, since gNB is generally located at the higher place and has better coverage than any other communication nodes. The general procedure of resource allocation under the control of gNB is shown in Fig.2. 


Fig.2 General procedure of resource allocation under the control of gNB.
The sidlink transmitter first sends the scheduling request to gNB including the information of buffer report and sidelink channel state if existed. Then gNB configured a sidelink transmission grant to sidlink transmitter indicating the necessary information to generate a packet like resource position MCS, and retransmission time. The sidelink transmitter sends the data and the corresponding SCI for detection to the sidelink receiver using the transmission grant. At last, an acknowledgement of data detection might be feedback from sidelink receiver. 
Note that, in LTE V2X, there is no HARQ feedback for sidelink for some reasons like multiple transmissions have been applied to guarantee the reliability. For NR V2X, the frame structure is more flexible to support fast scheduling and feedback for fulfilling the stringent requirements. Acknowledge feedback can assist the transmitter to apply link adaption and avoid unnecessary repetitions if successfully decoded. However, it can save signalling cost by feedback and simply the sidelink transmission. It is a trade-off. In general, the problem of existence of HARQ feedback for V2X sidelink is for further study. If there will be no HARQ feedback like sidelink of LTE V2X, it is suggested to implement a method to inform the status about data detection at the receiver to the transmitter or the central gNB for better channel adaption. The method can be worked in an implicit way. For example, when the receiver experienced high or low BLER with the given MCS. When the receiver transmits data to the former transmitter, it can degrade or upgrade the MCS level compared to that used in the former reception, respectively. When the former transmitter notices that the received MCS level is different from that transmitted by itself, it then adjust the MCS level accordingly in its next transmission. 
The scheduling type of centralized resource allocation can be dynamical and semi-persistent, which is similar to that of Mode 3 of LTE V2X. The dynamical scheduling is suitable for applications with bust traffic and fast varying channel. The semi-persistent scheduling (SPS) is suitable for applications with periodic traffic and stable channel. After the end of SPS, a new scheduling request shall sent the gNB for a new grant. 
Proposal 2: The problem of existence of HARQ feedback for V2X sidelink needs for further study in NR. It is suggested to implement a method to inform the received status about data detection to the transmitter or the central gNB for better channel adaption if without HARQ feedback. 
Proposal 3: For the centralized resource allocation for sidelink of NR V2X, both dynamical and semi-persistent scheduling types shall be supported. 
(2) Type 2: Distributed Resource Allocation
As for the distributed resource allocation, the channel access can be considered to be grant-free. The gNB first broadcasts or geocasts the sidelink configurable parameters mentioned in Sec.2.1 to the V2X sidelink transmitter, indicating the resource pool. The sidelink transmitter then selects the channel in the resource pool following the configured role of channel selection. Thereafter, the sidelink transmitter sends the data and the corresponding SCI for detection to the sidelink receiver using the selected channel. Similar to the centralized resource allocation, an acknowledgement of data detection might be feedback from sidelink receiver. The general procedure of distributed resource allocation is shown in Fig.3. For V-UEs out of cellular coverage, the preconfigured parameters related to sidelink are adopted.  


Fig.3 General procedure of distributed resource allocation.
For distributed resource allocation based on the configured resource pool, it is inevitable to encounter the transmission collision problem. However, the collision problem can be avoided by uniting the roles of distributed channel selection among V-UEs. For example, the Sensing-based Semi-Persistent Scheduling (SSPS) is applied for LTE V2X, which consists of the following principles to select the available channels:
1) The channels not monitored shall be excluded; 
2) The remain channels after channel selection by the current V2X sidlink transmitter shall guarantee the feasibility of SSPS for the other V2X sidelink communications;
3) The channels indicated by SCI received at the transmitter shall be excluded; 
4) The available channels are sorted in descending order according to the monitored RSSI and the channel selection shall be started with the channel of smallest monitored RSSI;
5) The amount of selected channels shall not excess a maximum limit.
Considering the NR V2X shall coexist with LTE V2X and the two systems will cooperate to support different types of applications, it is suggested to also adopt SSPS method for the distributed resource allocation in NR V2X, following the similar roles in the implementation of SSPS. The parameters setting in the SSPS, like scheduling period and resource limit to fulfil new requirements are for further study.
Proposal 4: It is suggested to adopt SSPS method for the distributed resource allocation in NR V2X, following the similar roles with LTE V2X in the implementation of SSPS. The parameters setting of SSPS to fulfil new requirements are for further study.

The channel adaption is a problem should be considered in the resource allocation. In the conventional downlink and uplink transmission, the channel adaption can be achieved based on the measured CQI and reported ACK/NACK. Although in LTE V2X, it does not support the report of the sidelink’s CQI and HARQ feedback. The problem shall be further studied in NR V2X since the applications and related requirements of the two systems are quite different. The ACK/NACK issue was discussed before. As for the report of the sidelink’s CQI, it can be realized with the procedure shown in Fig.4. As for the centralized resource allocation, the measured CQI based on the dedicated CSI-RS or DM-RS bundled with data channel can be included in the UCI and sent to gNB. The gNB is then choose the MCS for the sidelink fitting the reported CQI. As for the distributed resource allocation, the measured CQI can be sent to the sidelink transmitter and let the transmitter to adjust the MCS according to the reported CQI. 


Fig.4 Illustration of procedure for sidelink CQI report.
Proposal 5: Sidelink CQI report can be considered in the NR V2X to achieve a better channel adaption.
New Requirements Fulfilment
In the following, we will discuss the possible methods for NR V2X sidelink to fulfil the new requirements of latency, rate and reliability.
Latency 
In LTE V2X, in order to achieve low latency, the data channel (SSCH) is designed to be in the same subframe with control channel (SCCH) carrying the SCI. Moreover, eV2X employed short TTI and reduce the minimum value of T2 (which indicates the maximum time the channel can be reserved in Mode 4) to 10ms in order to further reduce the latency. In 5G NR, new numerology has been employed and the OFDM length has multiple types to fulfil different requirements of latency for uplink, downlink and sidelink transmissions. In addition to the new numerology, to achieve the latency goal of 3~10ms, 5G NR can also consider to implement the data channel and control channel of V2X sidelink in the same subframe and shorten the channel selection window in the future distributed resource allocation. Also, as for V2X application featured as URLLC with high priority, the pre-emption method can also be considered in the sidelink transmission. Specifically, the current sidelink transmission with low priority was suspended and the correspond resource was released for transmissions of emergency traffics.       
Proposal 6: 5G NR can consider to implement the data channel and control channel of V2X sidelink in the same subframe, shorten the channel selection window in the future distributed resource allocation, and apply the pre-emption method in the sidelink transmission to achieve the latency goal of 3~10ms.  
Rate
In LTE eV2X, carrier aggregation (CA) is introduced to improve the transmission rate by allowing parallel transmissions of different MAC PDUs on different carriers. In 5G NR V2X sidelink, the CA is also an essential method for the rate improvement and should be applied in the future. In addition, different types of MIMO modes can also be introduced in the NR V2X sidelink due to the strong capability of NR end users. For example, the MIMO modes like spatial multiplexing and beamforming are applicable for NR uplink and can be further applied to the NR sidelink. 
Proposal 7: In addition to CA, MIMO modes like spatial multiplexing and beamforming can be considered for NR V2X sidelink to improve the sidelink transmission rate.
Reliability
In LTE V2X, it provides the option for each packet to be transmitted twice to increase the reliability. And transmit diversity is further employed in LTE eV2X. In NR V2X sidelink, the transmission repetition and transmit diversity shall also be adopted to achieve the reliability goal high to 99.999%. The transmission repetition can be realized in two ways: one is to repeat the PDUs of high layer and assemble them into one physical PDU, and the other is to repeat the physical PDU in different subframes. Both the two ways can be considered in the NR V2X sidelink. And the number of repetition greater than 2 can be evaluated, which is for further study.
Proposal 8: Transmission repetition shall be considered in the NR V2X sidelink to increase the reliability.
Conclusion
In this contribution, we give our preliminary discussions on the issues about resource allocation of sidelink for advanced V2X services in the NR system, and put forward the following proposals: 
Proposal 1: At least two transmission modes of NR V2X sidelink should be considered for centralized and distributed resource allocation, respectively.
Proposal 2: The problem of existence of HARQ feedback for V2X sidelink needs for further study in NR. It is suggested to implement a method to inform the received status about data detection to the transmitter or the central gNB for better channel adaption if without HARQ feedback. 
Proposal 3: For the centralized resource allocation for sidelink of NR V2X, both dynamical and semi-persistent scheduling types shall be supported. 
Proposal 4: It is suggested to adopt SSPS method for the distributed resource allocation in NR V2X, following the similar roles with LTE V2X in the implementation of SSPS. The parameters setting of SSPS to fulfil new requirements are for further study.
Proposal 5: Sidelink CQI report can be considered in the NR V2X to achieve a better channel adaption.
Proposal 6: 5G NR can consider to implement the data channel and control channel of V2X sidelink in the same subframe, shorten the channel selection window in the future distributed resource allocation, and apply the pre-emption method in the sidelink transmission to achieve the latency goal of 3~10ms.
Proposal 7: In addition to CA, MIMO modes like spatial multiplexing and beamforming can be considered for NR V2X sidelink to improve the sidelink transmission rate.
Proposal 8: Transmission repetition shall be considered in the NR V2X sidelink to increase the reliability.
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