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1.	Introduction
In [1][2], SA1 has identified 28 use cases for advanced V2X services, which are classified into four categories including vehicles platooning, extended sensors, advanced driving, and remove driving. These use cases involve transmissions between the UE supporting V2X application and the RSU, and transmissions between two or multiple UEs supporting V2X applications. For transmissions between two or multiple UEs supporting V2X applications, the PC5 interface can be utilized, while transmissions between the UE supporting V2X applications and the RSU can take place over PC5 or Uu interface. Through using the PC5 interface (transmissions between two or multiple UEs), the requirements of use cases specified in Section 5.1, 5.3, 5.5, 5.6, 5.9, 5.20, 5.21 and 5.23 of [1] all impose considerable reliability constraints (at least > 90%). In the meantime, the use cases specified in Section 5.1, 5.3 5.5, 5.6, 5.9, 5.10, 5.11, 5.12, 5.16, 5.20, and 5.23 impose low latency constraints (3 – 100 ms). 
To achieve the reliability constraints, in addition to apply conservative MCS and transmission repetitions to reduce transmission latency, a proper retransmission scheme over NR sidelink should also be studied for the use cases with relaxed latency constraints (e.g., end-to-end latency>100 ms). However, to perform retransmissions, feedback channels for a receiver UE to reply the decoding status of forward transmissions (e.g., ACK/NACK) may be needed, which are not available in LTE sidelink. In the previous RAN1#88b meeting, the following agreements regarding the feedback design of PC5 have been reached [3].
Agreement
· No new sidelink physical channel to be introduced solely to provide feedback
· Piggyback in existing channels is not precluded
· Study the following feedback information to be exchanged between the receiving and transmitting UEs for sidelink link adaptation
· Decoding status, taking into account the impacts on complexity and Remote UE power consumption
· Adaptation of MCS, number of (re)transmissions and resource for transmission
· FFS on sidelink CSI feedback
· SL measurements e.g. SL-RSSI/RSRP/RSRQ. FFS on details.

Therefore, to design the retransmission scheme for NR sidelink, the feedback scheme for NR sidelink should be studied first. 
To achieve low latency requirements over NR sidelink, although the tx rates (in terms of the number of generated messages per second) have been specified for the use cases of vehicle platooning and advanced driving in [2], these messages are generated from the application layer. As a result, message arrivals to lower layers may not be fully periodic and could be occasional. On the other hand, the tx rates for the use cases of extended sensors and remote driving are not fully specified in [2], and therefore message arrivals to lower layers could also be occasional. This fact thus should be taken into the consideration in the resource configuration design for NR sidelink. 
In this contribution, we therefore discuss potential issues in the designs of Mode 3 radio access of NR sidelink to meet the latency and reliability requirements of advanced V2X use cases.       
2.	Issues of Feedback Transmissions over NR Sidelink
As aforementioned, to perform retransmission when a forward transmission cannot be correctly decoded, a receiver UE should be able to at least reply the decoding status (e.g., ACK/NACK) of a forward transmission to a transmitter UE. However, to carry feedback information (e.g., ACK/NACK) through sidelink, a critical challenge in Rel-12/13 sidelink is that only a receiver ID (which can be a group ID signalled from L2) is carried in each forward transmission (as the destination ID of this forward transmission). In this case, when a receiver UE receives a sidelink forward transmission burst, the UE first checks whether the carried ID inserted in a transmission burst aligns with its own (group) ID. If the destination ID in a transmission burst aligns with a receiver UE’s (group) ID, then this receiver UE should proceed to the subsequent reception procedure; otherwise, this sidelink transmission burst is rejected from a receiver UE. Therefore, a destination ID in Rel-12/13 sidelink physical channels facilitates a receiver to reject unwanted signals. Nevertheless, only a destination ID may not be sufficient if feedback transmission should be supported in sidelink. 
When a UE receives a sidelink transmission burst, this receiver UE does not know the transmitter UE of this transmission burst. As a result, a receiver UE may not provide decoding status, CSI feedback, or sidelink measurement result to the corresponding transmitter UE. To support feedback transmissions over NR sidelink, a receiver UE should be able to know the destination of feedback transmissions (i.e., the corresponding transmitter UE of the forward transmissions). If a receiver knows the transmitter UE of the forward transmissions, when feedback transmissions are performed, a receiver UE can insert the ID of the corresponding transmitter UE as the destination of feedback transmissions.   
An alternative issue is that even though a receiver UE does not know who is the transmitter UE of forward transmissions, when feedback transmissions are performed, the corresponding transmitter UE should not reject the feedback transmissions and should receive the feedback transmissions. In addition, the corresponding transmitter UE should be able to distinguish whether the received messages are feedback information or new forward transmissions from other UEs. When feedback can be identified, a transmitter UE should further know the mapping relation between the forward transmissions and corresponding feedback transmissions.
Observation 1: To support feedback transmissions over NR sidelink, a receiver UE should be able to know the destination of feedback transmissions.
Observation 2: Alternatively, when feedback transmissions are performed by the receiver UE, the corresponding transmitter UE should not reject the feedback transmissions and should receive the feedback transmissions.
Observation 3: A transmitter UE should be able to distinguish whether the received messages are feedback information or new forward transmissions from other UEs. In other words, a transmitter UE should be able to identify the type of received messages (i.e., ACK/NACK, CSI feedback, RSRP/RSRQ measurement, or new data).
Observation 4: When feedback can be identified, a transmitter UE should further know the mapping relation between the forward transmissions and corresponding feedback transmissions.
Therefore, when Mode 3 radio access is applied to NR sidelink, the enhancements of NR Uu should be able to address above issues to support feedback transmissions over NR sidelink.  
3.	Issues of Providing High Reliability and Low Latency over NR Sidelink
3.1 Resource Configuration for Sidelink
As aforementioned, V2X use cases in Section 5.1, 5.3 5.5, 5.6, 5.9, 5.10, 5.11, 5.12, 5.16, 5.20, and 5.23 in [1] impose low latency requirements (3 – 100 ms). Although the messages are generated periodically form upper layers, they may not arrive at the physical layer. When a message from upper layers arrives at lower layers of a transmitter UE to be transmitted through sidelink, if Mode 3 radio access is applied, this transmitter UE should first perform the random access procedure over Uu to request radio resources for sidelink. Then, resources of sidelink can be configured through Uu interface. However, performing the random access procedure may potentially induce long delay, and thus performing the random access procedure through Uu may not be feasible for resource request for sidelink. As a result, there can be following possible options to configure resources for sidelink transmissions using Mode 3.
· Option 1: A mechanism for a UE to deliver the radio request of sidelink transmissions over Uu without using radio access can be designed. When a resource request for sidelink transmissions is received by a gNB through Uu, a gNB can configure resources for sidelink transmissions. 
· Option 2: Through Uu, a gNB can configure resources of sidelink transmissions using a similar scheme of UL transmissions without grant in Rel-15 (i.e., Type 1 or Type 2).
· Option 3: Through Uu, a gNB can configure resources of sidelink transmissions using a different scheme of UL transmissions without grant in Rel-15 (i.e., new grant-free transmissions for sidelink can be designed).
In Option 1, since resources for sidelink transmissions are configured after a UE sending the request (i.e., upon a UE having message to be transmitted), resources in sidelink can be utilized efficiently. In Option 2, through using a similar scheme of UL without grant in Rel-15 to configure resources for sidelink, the design effort can be alleviated. However, whether the UL transmissions without grant in Rel-15 can sufficiently support sidelink should be further investigated. In Option 3, new grant-free transmissions for sidelink can also be designed to further enhance the resource utilization of configured resources for sidelink transmissions.    
Observation 5: Performing the random access procedure through Uu to deliver resource request for sidelink transmissions may not be feasible for V2X use cases needing low latency transmissions.  
Observation 6: Above three options to configure resources for sidelink transmissions can be studied for Mode 3. 

3.2 Priority Handling
When sidelink transmissions of a low priority (e.g., eMBB services or a relaxed latency requirement) have taken place between two UEs (e.g., UE-A and UE-B in Fig. 1), if a high priority message should be transmitted, then the high priority message transmission may impact the on-going low priority sidelink transmissions. If NR sidelink transmissions reuse NR Uu uplink spectrum, and a high priority downlink message should be transmitted from a gNB to either UE-A or UE-B, as illustrated in Fig. 1(a), the following two cases should be considered.
· When a gNB should transmit a high priority message to UE-A (transmitter in sidelink), if UE-A is able to simultaneously support downlink reception at the Uu downlink spectrum and sidelink transmission at the Uu uplink spectrum, then the high priority downlink transmission and low priority sidelink transmission can take place concurrently. On the other hand, if UE-A cannot support simultaneous downlink reception and sidelink transmission, then the low priority sidelink should be postponed. 
· When a gNB should transmit a high priority message to UE-B (receiver in sidelink), if UE-B supports two receiver chains to simultaneously support downlink reception at Uu downlink spectrum and sidelink reception at Uu uplink spectrum, then concurrent transmissions of downlink reception and sidelink reception are allowed; otherwise, the low priority sidelink reception should be postponed.
If NR transmissions do not reuse NR Uu uplink spectrum and operate on the standalone spectrum, above arguments are also valid. When sidelink transmissions of a low priority have been taken place between two UEs while a high priority message should be transmitted from other UE (e.g., UE-C in Fig. 1(b)) to either UE-A or UE-B through sidelink, then the on-going low priority sidelink transmission should be postponed. For this purpose, a mechanism of Mode 3 resource configuration for sidelink should be studied to allow concurrent downlink and sidelink transmissions if UEs have such capability; otherwise, a mechanism to allow high priority downlink transmissions to preempt low priority sidelink transmissions should be studied. In additopn, a mechanism to allow high priority sidelink transmissions to preempt low priority sidelink transmissions should be studied for Mode 3 resource access.
Observation 7: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow concurrent downlink and sidelink transmissions if UEs have such capability.
Observation 8: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority downlink or sidelink transmissions to preempt low priority sidelink transmissions. 
When sidelink transmissions of a low priority have taken place between two UEs, if a high priority uplink transmission from a UE (i.e., UE-D in Fig. 1(c)) should be transmitted to a gNB using the same spectrum of sidelink transmissions, then whether the on-going sidelink transmission should be postponed can be investigated. If uplink grant-free transmissions with Type 1 or Type 2 configuration are applied to high priority uplink transmissions, then the configured resources for high priority uplink transmissions may be overlapped with resources for low priority sidelink transmissions if interference from low priority sidelink transmissions does not impact high priority uplink transmissions. On the other hand, if there is risk that the concurrent transmissions of low priority sidelink transmissions may impact high priority uplink transmissions, then low priority sidelink transmissions should be postponed.  
Observation 9: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to evaluate whether concurrent transmissions of sidelink and uplink are allowed.  
Observation 10: If concurrent transmissions of sidelink and uplink are not allowed (no matter Issue 9 has been considered or not), a mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority uplink transmissions to preempt low priority sidelink transmissions. 
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Fig. 1 A low priority sidelink transmission has taken place and high priority downlink and sidelink messages should be transmitted. 
When a low downlink transmission has taken place between a gNB and UE-A (or UE-B), if a high priority message should be transmitted either from UE-A to UE-B or from UE-B to UE-A through sidelink, then the sidelink transmissions may impact the on-going downlink transmissions. If sidelink transmissions reuse the Uu uplink spectrum or use a standalone spectrum, the following cases should be considered.
· When a gNB is transmitting low priority messages to UE-A and a high priority message should be transmitted from UE-A to UE-B through sidelink, if UE-A is able to support simultaneous reception at downlink spectrum and transmission at sidelink spectrum, then the concurrent downlink and uplink transmissions can take place; otherwise, the high priority sidelink transmissions should preempt the low priority downlink transmissions.
· When a gNB is transmitting low priority messages to UE-B and a high priority message should be transmitted from UE-A to UE-B through sidelink, if UE-B is able to support simultaneous downlink transmission and sidelink transmission at different bands, then concurrent downlink and sidelink transmissions can take place; otherwise, the high priority sidelink transmissions should preempt the low priority downlink transmissions.
Observation 11: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority sidelink transmissions to preempt low priority downlink transmissions. 
When uplink transmissions of a low priority have taken place between a UE (say, UE-D) and a gNB, and if a high priority sidelink transmission between two UEs (UE-A and UE-B) should take place using the same spectrum, then whether the on-going uplink transmission should be postponed can be investigated. If uplink grant-free transmissions with Type 1 or Type 2 configuration are applied to low priority uplink transmissions, then the configured resources for high priority sidelink transmissions may be overlapped with resources for low priority uplink transmissions if interference from low priority uplink transmissions does not impact high priority sidelink transmissions. On the other hand, if there is risk that the concurrent transmissions of low priority uplink transmissions may impact high priority sidelink transmissions, then low priority uplink transmissions should be postponed.
Observation 12:. If concurrent transmissions of sidelink and uplink are not allowed, a mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority sidelink transmissions to preempt low priority uplink transmissions. 
4.	Conclusion
In this contribution, we have the following observations for the design of Mode 3 radio access of NR sidelink transmissions.  
Observation 1: To support feedback transmissions over NR sidelink, a receiver UE should be able to know the destination of feedback transmissions.
Observation 2: Alternatively, when feedback transmissions are performed by the receiver UE, the corresponding transmitter UE should not reject the feedback transmissions and should receive the feedback transmissions.
Observation 3: A transmitter UE should be able to distinguish whether the received messages are feedback information or new forward transmissions from other UEs. In other words, a transmitter UE should be able to identify the type of received messages (i.e., ACK/NACK, CSI feedback, RSRP/RSRQ measurement, or new data).
Observation 4: When feedback can be identified, a transmitter UE should further know the mapping relation between the forward transmissions and corresponding feedback transmissions.
Observation 5: Performing the random access procedure through Uu to deliver resource request for sidelink transmissions may not be feasible for V2X use cases needing low latency transmissions.  
Observation 6: Above three options to configure resources for sidelink transmissions can be studied for Mode 3. 
Observation 7: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow concurrent downlink and sidelink transmissions if UEs have such capability.
Observation 8: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority downlink or sidelink transmissions to preempt low priority sidelink transmissions. 
Observation 9: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to evaluate whether concurrent transmissions of sidelink and uplink are allowed.  
Observation 10: If concurrent transmissions of sidelink and uplink are not allowed (no matter Issue 9 has been considered or not), a mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority uplink transmissions to preempt low priority sidelink transmissions. 
Observation 11: A mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority sidelink transmissions to preempt low priority downlink transmissions. 
Observation 12: If concurrent transmissions of sidelink and uplink are not allowed, a mechanism of Mode 3 resource configuration for sidelink transmissions should be studied to allow high priority sidelink transmissions to preempt low priority uplink transmissions. 
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