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Introduction
5G NR sidelink will be designed to meet much higher requirements for advanced V2X applications compared to LTE eV2X. The sidelink resource allocation mechanism shall be evolved consequently. The resource allocation for NR sidelink has two modes which are similar to Mode3 and Mode4 of LTE V2X, respectively, and defined as follows:
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources

In this item, it focuses on the study of Mode2, which is further considered to include three submodes having separate resource allocation procedures, which are:
· Mode-2(a): UE autonomously selects sidelink resource for transmission
· Mode-2(c): UE is configured with NR configured grant (type-1 like) for sidelink transmission
· Mode-2(d): UE schedules sidelink transmissions of other UEs

According to the latest agreements reached in RAN1#95, the Mode-2(b) for supporting UE to assist the sidelink resource selection has been merged into the above three submodes. Many agreements about the direction of the three submodes design have been reached and there still remain many issues for further study. Pre-emption is a kind of remain issue in the resource selection procedure which needs to be further discussed. 
In this contribution, we will provide our considerations on the pre-emption issue in the resource selection procedure of sidelink Mode1 and Mode2. Observations and proposals are given according to the discussions.        
Considerations on Pre-emption Issue in RA of NR Sidelink
[bookmark: OLE_LINK1]Requirements
Generally, the pre-emption mechanism is to support the applications with far more stringent requirements, by occupying the resources which have been allocated to other applications with lower requirements, and thus to meet the requirements for applications as many as possible. For NR V2X, the requirements for different advanced V2X applications are diverse on latency, payload, reliability, data rate and communication range as shown in Table 1.  
Table1. Performances requirements for advanced V2X applications. 
	Applications
	Max end-to-end latency (ms)
	Payload (Bytes)
	Reliability (%)
	Data rate (Mbps)
	Min required Communication range (meters)

	Vehicle Platooning
	General
	10 ~ 500
	50 ~ 6000
	90 ~ 99.99
	[50] ~ [65]
	80 ~ 350

	
	Examp1: [R.5.2-005]
	20
	6500
	
	
	350

	
	Examp2: [R.5.2-006]
	10
	50-1200
	99.99
	
	80

	Advanced driving
	General
	3 ~ 100
	300 ~ 12000
	90 ~ 99.999
	10 ~ 50
	360 ~ 500

	
	Example1:
[R.5.3-006]
	3
	2000
	99.999
	30
	500

	
	Example2:
[R.5.3-002]
	100
	6500
	
	
	700

	Extend sensors
	General
	3 ~ 100
	[1600]
	90 ~ 99.999
	10 ~ 1000
	50 ~ 1000

	
	Example1:
[R.5.4-001]
	100
	1600
	99
	
	1000

	
	Example2:
[R.5.4-005]
	50
	
	99.99
	1000
	50

	Remote driving
	
	5
	-
	99.999
	UL: 25
DL: 1
	-


[bookmark: OLE_LINK2][bookmark: OLE_LINK3]We can observe that URLLC-type application with low latency (~3ms) and high reliability (99.999%) is involved. It is very possible to have no available or sufficient resource to meet the requirements for the URLLC-type application arriving in a burst, especially when the network is in the dense situation which could often happen in urban city. Therefore, it shall also consider to apply the pre-emption mechanism in the NR sidelink like cellular downlink and uplink to best guarantee the application requirements. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: Pre-emption mechanism shall be considered in the NR sidelink design like cellular downlink and uplink to best fulfil the application requirements.
Pre-emption Scenarios
In general, the sidelink communcation has the following pre-emption scenarios:
Scenaio1: Intra-node pre-emption, where the resource having been allocated to a sidelink can be pre-empted to one other sidelink with the same source node, as shown in Fig.1.
[image: ] 
Fig.1. An illustration of intra-node pre-emption.
Scenario2: Inter-node pre-emption, where the resource having been allocated to a sidelink can be pre-empted to one other sidelink with different source node, as shown in Fig.2. 
[image: ]
Fig.2. An illustration of inter-node pre-emption.
The above Scenario1 and Scenario 2 can be further divided into three sub-scenarios considering whether a central node is involved to assist a source node to acquire the resource having been allocated to other sidelink, as shown in Fig.3-1/2/3/4/5/6, respectively. 
	Scenarios
	Definitions
	Illustrations

	[bookmark: OLE_LINK4]SubScenario1-1
	[bookmark: OLE_LINK21]For intra-node pre-emption, the pre-emption procedure is completed through self-negotiation between involved sildelinks.
	[image: ]
[bookmark: OLE_LINK18]Fig.3-1

	SubScenario2-1
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For inter-node pre-emption, the pre-emption procedure is completed through self-negotiation between involved sildelinks.
	[image: ]
Fig.3-2

	SubScenario1-2
	For intra-node pre-emption, the pre-emption procedure is completed under the control of central gNB.
	[image: ]
[bookmark: OLE_LINK19]Fig.3-3

	SubScenario2-2
	For inter-node pre-emption, the pre-emption procedure is completed under the control of central gNB.
	[image: ]
Fig.3-4

	SubScenario1-3
	For intra-node pre-emption, the pre-emption procedure is completed under the control of central UE scheduler.
	[image: ]
Fig.3-5

	SubScenario2-3
	For inter-node pre-emption, the pre-emption procedure is completed under the control of central UE scheduler.
	[image: ]
Fig.3-6




Pre-emption Signalling Procedures
The pre-emption signalling procedure will vary with different scenarios. In this section, we will demonstrate the general procedures to complete the pre-emption between different sidelinks for the scenarios defined in the above section 2.2.
[bookmark: OLE_LINK5]  SubScenario1-1(shown in Fig.3-1): The pre-emption is determined by the source node. The procedure could be similar to the pre-emption between PDSCHs in the cellular network, where a SCI is sent to inform the interrupted node to discard the data on the resources indicated by the SCI, as shown in Fig.4.
[image: ]
Fig.4. Procedure of pre-emption for intra-node pre-emption with self-negotiation. 
When the PSCCH and PSSCH is FDMed as Option2, the pre-emption signalling to the interrupted node can be implicitly indicated by the SCI for PSSCH on the pre-emptive sidelink, as shown in Fig.5. Since the SCI format contains the resource position of associated PSSCH, the interrupted node can get to know which part of data should be discarded based on the SCI detection. Therefore, no extra pre-emption signalling is needed in this situation.   
[image: ]
Fig.5. An example of merging the pre-emption signalling into the SCI for PSSCH indication.

SubScenario2-1(shown in Fig.3-2): The pre-emption procedure is much more complexed since it involves more nodes compared to SubScenario1-1. From Fig.3-2, when the source node2 needs to send a signal to pre-empt the resource of sidelink1 between the source node1 and destination node1, the procedure depends on whether the source node1 is in the transmitting or receiving state, as shown in Fig.6. If the source node1 currently is in the receiving state, the source node2 can directly sent a SCI for pre-emption request to the source node1. As the communications along the sidelinks are with separate source nodes and the resources are selected independently, a response to the pre-emption request from source node1 might be necessary to ensure the success of request. While if the source node1 currently is in the transmitting state, the source node2 might also need to broadcast a SCI to inform the other nodes around of its request to pre-empt the resource of source node1. Any nodes having overheard the request shall not pre-empt the same resource indicated in the request. When the source node1 turn to the receiving state, the pre-emption request shall be retransmit to source node1. Note that the first pre-emption request could also indicate the resource for the second pre-emption request to avoid any transmission collisions. 

 [image: ]
Fig.6. Procedure of pre-emption for inter-node pre-emption with self-negotiation.
As for the destination node1 on the interrupted sidelink, the pre-emption indication to it can be either combined in the pre-emption response or conveyed using a separate SCI from source node1. Moreover, if the destination node2 of the pre-emptive sidelink have overheard resource position of PSSCH from the pre-emption request, the source node2 can simplify the SCI for PSSCH indication by just including remain information necessary for PSSCH detection. 

[bookmark: OLE_LINK8]SubScenario1-2(shown in Fig.3-3): The pre-emption procedure is under the control of gNB, as shown in Fig.7. It is applied to the sidelinks of Mode1. The source node shall first send a pre-emption request via UCI to gNB. And the gNB then sends the pre-emption response via DCI to the source node. If the destination node1 on the interrupted sidelink is in the coverage of gNB. The pre-emption response could be conveyed in a goupcast manner to both source node and destination node1, which is marked as Alt1 in Fig.7. Otherwise, an additional pre-emption indication with SCI can be sent to the destination node1 from the source node, which is marked as Alt2 in Fig.7. Note that, the pre-emption indication can also be alternated by the SCI of associated pre-emptive PSSCH when the PSCCH and PSSCH are FDMed, as shown in Fig.5. 
[image: ]
Fig.7. Procedure of pre-emption indication for intra-node pre-emption under the control of gNB.

[bookmark: OLE_LINK13][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK11][bookmark: OLE_LINK12]SubScenario2-2(shown in Fig.3-4): The pre-emption procedure is under the control of gNB with Mode1 same as SubScenario1-2. In this scenario, it requires that the source node1 on the interrupted sidelink is also in the coverage of gNB and thus the associated sidelink can be scheduled by gNB. The pre-emption procedure is displayed in Fig.8, in which the source node2 sends a pre-emption request to the gNB via UCI and the gNB gives the pre-emption response via a DCI. The DCI could be either unicasted to the source node1 and source node2 separately, or groupcasted to them simultaneously. Moreover, the pre-emption indication to the destination node1 can also be combined in the pre-emption response with a groucast DCI if destination node1 is in the cellular coverage, or informed by the source node1 through a dedicated SCI otherwise.
[image: ]
Fig.8. Procedure of pre-emption indication for inter-node pre-emption under the control of gNB.
SubScenario1-3(shown in Fig.3-5):The pre-emption procedure is under the control of a central UE scheduler, as shown in Fig.9. It is similar to the procedure under the control of gNB, except that the pre-emption request and response are conveyed through SCI. Specifically, the source node sends a SCI for pre-emption request to the UE scheduler, and the UE scheduler gives a response to the source node also via a SCI. The pre-emption indication to the destination node1 can be realized by the pre-emption response with a goupcast SCI (Alt1 in Fig.9) if the destination node1 in also in the control of UE scheduler, or by a separate SCI from source node otherwise (Alt2 in Fig.9). 
[image: ]
Fig.9. Procedure of pre-emption indication for intra-node pre-emption under the control of UE scheduler.
SubScenario2-3(shown in Fig.3-6): The pre-emption procedure is displayed in Fig.10, which is pretty the same as SubScenario2-2, except the related signallings are conveyed with SCI. Specifically, the source node2 for pre-emption sends a request to the UE scheduler and gets a response consequently. The response can be groupcasted to the source node1 on the interrupted sidelink for signalling saving. Likewise, the pre-emption indication to the destination node1 can also be combined in the pre-emption response with the groucast SCI if destination node1 is under the scheduler control or informed by the source node1 through a dedicated SCI otherwise.
[image: ]
Fig.10. Procedure of pre-emption indication for inter-node pre-emption under the control of UE scheduler
Applicability of Pre-emption for Mode1 and Mode2
From the section 2.3, we can see that in different scenarios, the complexity of the pre-emption mechanisms is quite diverse. In this section, discussions about the applicability of pre-emption for Mode1 and Mode2’s sub-modes are presented. 
For Mode1: The associated pre-emption mechanism is applied in SubScenario1-2 and SubScenario2-2, as shown in Fig.3-3/4. Since there is no need for the interaction between the source nodes of pre-emptive sidelink and interrupted sidelink, the pre-emption procedure of SubScenario1-2 and SubScenario2-2 is quite similar. The pre-emption request and response between the pre-emptive source node and gNB through UCI and DCI, respectively, are required. The response can be further groupcasted to the source node and destination node of the interrupted sidelink if they are in the gNB coverage for signalling saving. Otherwise, additional pre-emption indication with SCI to the interrupted destination node might be needed. The procedure is quite similar to the pre-emption between PUSCHs.
Observation1: For Mode1, the pre-emption request and response between the pre-emptive source node and gNB through UCI and DCI, respectively, are required. And the response can be groupcasted to the interrupted nodes for signalling saving.  
Based on the observation, we give the following proposal:
Proposal2: The pre-emption mechanism shall be applied to Mode1 and FFS the pre-emption response from gNB for signalling saving. 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]For Mode2(a): The associated pre-emption mechanism is applied in SubScenario1-1 and SubScenario2-1, as shown in Fig.3-1/2. For SubScenario1-1, the procedure is simply controlled by the source node and just a signalling for pre-emption indication is required like the pre-emption between PDSCHs. For SubScenario2-1, the pre-emption request and response between the source nodes are needed, and the pre-emption request might be repeated depends on the receiving state of the interrupted source node. 
Observation2: For Mode2(a), when the source nodes of pre-emptive sidelink and interrupted sidelink are the same one, the procedure is similar to the pre-emption between PDSCHs. Otherwise, it requires the pre-emption request and response between the source nodes.     
Based on the above observation, we give the following proposal:
Proposal3: The pre-emption mechanism shall be applied to Mode2(a) at least with the scenario, where the pre-emptive sidelink and interrupted sidelink are with the same source node.  
For Mode2(c): The resource for Mode2(c) is pre-configured by the gNB. According to the latest agreements, if only one resource pattern is pre-configured, then there will be no channel sensing. And if multiple resource patterns are pre-configured, the channel sensing is needed for pattern selection. Generally, the Mode2(c) is supported for the applications of periodic traffic and high priority, where the pre-configured resources are effective within the coverage of gNB. Therefore, the transmissions with Mode2(c) might better not be interrupted by pre-emption. Otherwise, the pre-configured resource pattern would be violated. 
Observation3: For Mode2(c), the pre-emption would interrupt the transmissions with periodic traffic and high priority and violate pre-configured resource pattern.
Based on the above observation, we give the following proposal:
Proposal4: It is suggested not to involve transmissions with Mode2(c) in the pre-emption mechanism design.

For Mode2(d): The associated pre-emption mechanism is applied in SubScenario1-3 and SubScenario2-3, as shown in Fig.3-5/6. Similar to Mode1, the pre-emption request and response between the pre-emptive source node and UE scheduler through SCI are required. The response can be further groupcasted to the source node and destination node of the interrupted sidelink if they are under the UE scheduler’s control for signalling saving. Otherwise, additional pre-emption indication with SCI to the interrupted destination node might be needed.
Observation4: For Mode2(d), the pre-emption request and response between the pre-emptive source node and UE scheduler through SCI are required. And the response can be groupcasted to the interrupted nodes for signalling saving.
Based on the above observation, we give the following proposal:
Proposal5: The pre-emption mechanism shall be applied to Mode2(d) and FFS the pre-emption response from the UE scheduler for signalling saving.



Conclusion
In this contribution, we have provided our considerations on the pre-emption issue in the resource selection procedure of sidelink Mode1 and Mode2. Observations and proposals are put forward as follows:
Proposal 1: Pre-emption mechanism shall be considered in the NR sidelink design like cellular downlink and uplink to best fulfil the application requirements.

Observation1: For Mode1, the pre-emption request and response between the pre-emptive source node and gNB through UCI and DCI, respectively, are required. And the response can be groupcasted to the interrupted nodes for signalling saving.  
Proposal2: The pre-emption mechanism shall be applied to Mode1 and FFS the pre-emption response from gNB for signalling saving. 

Observation2: For Mode2(a), when the source nodes of pre-emptive sidelink and interrupted sidelink are the same one, the procedure is similar to the pre-emption between PDSCHs. Otherwise, it requires the pre-emption request and response between the source nodes.     
Proposal3: The pre-emption mechanism shall be applied to Mode2(a) at least with the scenario, where the pre-emptive sidelink and interrupted sidelink are with the same source node.

Observation3: For Mode2(c), the pre-emption would interrupt the transmissions with periodic traffic and high priority and violate pre-configured resource pattern.
Proposal4: It is suggested not to involve transmissions with Mode2(c) in the pre-emption mechanism design.

Observation4: For Mode2(d), the pre-emption request and response between the pre-emptive source node and UE scheduler through SCI are required. And the response can be groupcasted to the interrupted nodes for signalling saving.
Proposal5: The pre-emption mechanism shall be applied to Mode2(d) and FFS the pre-emption response from the UE scheduler for signalling saving.
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