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1. Introduction
The new study item on NR V2X [1] was approved in RAN#80 meeting, and the following agreement was made:
	Agreements:

· At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication

· 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

Notes:

· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 

· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where

a) UE autonomously selects sidelink resource for transmission

b) UE assists sidelink resource selection for other UE(s)

c) UE is configured with NR configured grant (type-1 like) for sidelink transmission

d) UE schedules sidelink transmissions of other UEs

· RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


In this contribution, we discuss some aspects on NR sidelink mode-2 resource allocation mechanism.

2. NR V2X resource allocation of Mode-2 operation
2.1. Sensing mechanism for  NR V2X resource allocation
In LTE V2X, RAN1 already observed that random resource selection without any sensing operation leads to unpredictable resource collision and degradation of the reliability performance. Therefore, LTE V2X introduced sensing operation, that is, a UE predicts future resources to be occupied by other UEs so that the UE can select for its own transmission the resources which will not be used by other UEs. In NR V2X, the need for such sensing mechanism is similar or even higher considering the reliability requirement of the target services. So, it is essential to define such sensing principle as well in NR sidelink mode 2 operation.

Observation 1: In NR sidleink mode 2 operation, sensing mechanism is needed to avoid resources which will be used by other UEs.
The challenge in the sensing operation for NR V2X is that both periodic and aperiodic traffics need to be supported. It seems quite obvious that Rel-14 sensing mechanism cannot be directly applied to aperiodic traffic because it was based on the assumption that each UE will repeat using the same resource with a certain period. Thus, though Rel-14 mechanism is proven to support periodic traffics and can be applied to NR V2X for periodic traffics, it is inevitable to design a different resource allocation mechanism which does not assume repeated resource usage of each UE in NR V2X.

Then, a question can be raised regarding whether a single mechanism will be used for both periodic and aperiodic traffics or separate mechanisms will be defined. In general, separate design has the potential to have more optimized features for the target traffic while a single solution, if feasible, can have a benefit, e.g., in supporting the mixture of periodic and aperiodic traffic. In any case, we believe that NR V2X should at least provide a comparable performance to LTE V2X in supporting periodic traffic, so it is proposed to consider these two options in further RAN1 study.

Proposal 1: RAN1 targets to provide at least a comparable performance to LTE V2X in supporting periodic traffic and studies further how to support periodic and aperiodic traffics based on the following options.
· Option 1: Define a resource allocation solution reusing the LTE mechanism for periodic traffic and define another solution for aperiodic traffic.

· Option 2: Define a common resource allocation solution for both periodic and aperiodic traffic.

Then, RAN1 needs to discuss how to design sensing mechanism details in NR V2X. First, it is needed to agree the basic principle of identifying resources to be used by other UEs. We think Rel-14 principle is a starting point, i.e., by decoding control information (SA) and measuring received energy per frequency resources (e.g., per sub-channel). For decoding control information, if UE A decodes the control information of UE B and the decoded control information contains information about the future resource usage, the UE can avoid selecting the resources to be used by UE B. We note that this principle itself is not related to the time scale of the “future resource usage,” which means that the information may indicate resource usage after tens or hundreds millisecond or after a few milliseconds or even less. For measuring received energy, if UE A detects high energy in a frequency resource and the resource allocation procedure is defined such that one UE keeps using the selected frequency resources for a while, then UE A can avoid selecting the frequency resources where high interference is expected. We also note that this principle itself is not related to the time scale of “using the selected frequency resources”, which means that the UE behavior may be using the same frequency resource repeatedly with a period for a relatively long time or keeping the same frequency resource continuously for a relatively short time (e.g., a few slots). Figure 1 illustrates these principles with different time scales. This figure assumes that SA and data are TDMed in a slot and the same frequency resource is used in three slots once selected; the three slots are repeated with a period in Figure 1-a and the three slots are contiguous in Figure 1-b. In any case, another UE can “sense” the future usage of the remaining two slots after decoding SA and/or measuring energy in the first slot.
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Figure 1-a. periodic traffic case
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Figure 1-b. aperiodic traffic case
Proposal 2: RAN1 needs to agree the basic sensing principle, i.e., about how a UE identifies resources to be used by other UEs. Those used in Rel-14 can be a starting point, i.e., by decoding control information and measuring received energy.

As RAN1 well understands how to design the sensing mechanism for periodic traffic, more discussion is provided for aperiodic traffic.
As illustrated in Figure 1-b, even in aperiodic traffic, a UE can “sense” another UE’s transmission if time of using the selected resource is longer than the sensing time. For example, if the time unit of sensing is one slot, then another UE’s transmission can be sensed if multiple slots are used for the transmission of each message. If SA decoding is used for the sensing operation, then TDM of SA and data will be beneficial because early SA decoding becomes possible.

Once such sensing operation is done, then the UE can select its own transmission resource out of those not going to be used by other UEs. This resource selection mechanism can consider several options such as random backoff with counter decrement for each idle resource and random selection within a predetermined selection window. RAN1 needs to consider several aspects in studying the details of the resource selection mechanism including how to ensure the latency requirement, how to handle different priority, how to set the threshold used in deciding an idle/busy resource, etc. 

An example resource allocation, called “UE Resource selection with Collision Avoidance” was proposed based on the mechanism discussed above and evaluated in [2]. Though the evaluation used the periodic traffic model of Rel-14 LTE V2X, but the sensing and resource allocation mechanism itself did not make use of the periodicity of the traffic; the mechanism uses a short sensing window which is much shorter than the message periodicity. The evaluation result in [2] showed that such mechanism provides significantly better performance than the random selection, and this implies that the above discussed principles can be considered as a solution for sensing and resource selection for aperiodic traffics.
Proposal 3: RAN1 studies how to design sensing and resource selection mechanism for aperiodic traffic. The following aspects need to be considered:
· For sensing in aperiodic traffic
· Multi-slot transmission can be beneficial as decoding SA and/or measuring energy in a slot can give the resource usage in future slots.
· TDM of SA and data in each slot can enable fast SA decoding which is useful in the sensing operation based on SA decoding.
· For resource selection in aperiodic traffic
· Further study is needed on how to select the transmission resource after excluding the resources identified during the sensing operation.
2.2. Additional aspects in the resource allocation in NR sidelink mode 2
2.2.1. Principles that can be reused from LTE Rel-14 

There are several Rel-14 resource allocation principles that can be beneficial in NR V2X. First one is the zone-based resource selection which was introduced to mitigate the impact of inband emission. Second one is the congestion control framework which imposes the maximum resource utilization of each UE based on the measured congestion level and the priority of the transmission. Such principles are transparent to the traffic model and RAT design, so it is proposed to adopt them in NR V2X as well.

Proposal 4: RAN 1 needs support beneficial LTE V2X resource allocation principles. They include the zone-based resource allocation and the congestion control.
2.2.2. Sidelink Preemption of Mode-2 operation
It was discussed that QoS (e.g., latency, priority, reliability) impact on resource selection, e.g., preemption in last meeting. RAN1 need to further discuss how to enable sidelink preemption for NR V2X mode-2 operation. 
For example of priority handling, if a UE indicate preemption or certain resources to be used in the future with the high priority packet, then other receiving UE stop ongoing transmission and check the resource overlapping with transmission of higher priority packet. When overlapping with TX of higher priority, other receiving UE reselect other resources or let the resources to be overlapped.
With above handling, ‘TDMed transmission of SA and data’ is also beneficial for preemption. If there is a gap between data and SA including preemption indication, a UE has a margin of detecting preemption indication of other high priority UE(s) and there is a more room for collision handling.
Also, we can think that it is possible way such as RSU relay mechanism in preemption scenario. That is, if a UE requiring preempted resources for high priority packet transmission, it transmit a request message with preemption indication or resources to a near RSU. Then, RSU can relay that kind of message around other UE(s) to inform preemption indication or resources for the purpose of avoiding preempted resources on other UE’s own resource selection.
Proposal 5: RAN1 studies preemption mechanism of mode-2 operation, e.g., priority handling, TDMed transmission of SA and data, RSU relaying.

2.2.3. UE assistance for another UE’s resource selection 
In last meeting, it was agreed that UE can assist or schedule sidelink resources for other UE(s) in NR V2X. Though it needs to be further discussed who can be an assisting UE, however, such system design may help QoS management or hidden node problem. In designing this UE assistance, we think that a complete scheduling like in LTE mode-3 operation cannot be easily applied to UE because a new hierarchy needs to be defined among the UEs and a lot of signaling needs to be defined, probably in the physical layer, for delivering the scheduling message as well as necessary feedback information. Instead, we think that UE assistance information can exchanged in a way of restricting or suggesting some portion of the resource pool for other UEs, preferably by using higher layer signaling. For example, a UE can send a message that other UEs that want to send message to the UE is recommended to avoid a specific set of resources where that UE is likely to receive important messages, transmit its messages, or observe high interference. Additional information can be exchanged between the UEs in order to facilitate this restriction and recommendation, e.g., to indicate whether the restricted resource subset is sufficient or not. We note that it is possible to allow only some specific UEs (e.g., UE-type RSU or platoon header) to send such suggestion or restriction if it is desirable to have a single UE controlling other UEs’ resource allocation.
Proposal 6: RAN1 studies UE assistance for another UE’s resource selection by exchanging higher layer signaling to restrict or suggest a subset of resources.
2.2.4. Further consideration points for resource management 
In case of NR system, the number of ‘downlink’, ‘uplink’ and ‘flexible’ symbols between different slots can be configured differently considering support of various services (e.g., URLLC, eMBB) and load-adaptive resource usage change. When this flexible frame structure is adopted for NR sidelink, there will be some impact on the resource allocation and congestion control. To be specific, when the sensing and resource reservation mechanism similar to LTE sidelink is applied, it is difficult to guarantee that the number of symbols of reserved resources remains the same because the number of symbols allocated for sidelink operation between different slots could be different. So, further study is necessary how to resolve this issue when designing the resource allocation for NR sidelink. In addition, it also needs to discuss the way to reflect the above-mentioned aspect in evaluating CR value. For example, it can be defined that the final value of CR is obtained by normalizing the total amount of used resources with the predefined basic resource unit (e.g., sub-channel with the minimum number of symbols). 
Proposal 7: RAN1 studies mechanism of resource allocation and congestion control when using flexible frame structure for NR sidelink.

In LTE sidelink, only one retransmission is allowed for the same TB. However, it may not be enough considering the various requirements and traffic sizes of advanced V2X services. So, it needs to increase the number of retransmission (more than 1) for NR sidelink. As explained in [3], the feedback mechanism (e.g., HARQ-ACK) can be beneficial to improve the reliability at least for the unicast scenario. If it is introduced, the potential issues need to be discussed are whether to reuse the exiting sidelink physical channel format (e.g., PSCCH) for the feedback purpose and how to determine the feedback resource with consideration for half duplex problem.

Proposal 8: RAN1 studies mechanism of feedback and adaptive retransmission number (more than 1) to support the advanced V2X services.
The collocated antenna model is not suitable for the realistic sidelink operation since its actual radiation pattern could not efficiently provide the reasonable coverage in all the necessary directions. Considering this aspect, the distributed antenna model for vehicle UE was adopted in the study item of evaluation methodology [4]. One thing that can be observed is that the sensing and measurement results are not the same between the antenna panels at different locations. So, further study is necessary on how to handle this phenomenon in terms of resource allocation and congestion control e.g., especially when transmitting the message using multiple antenna panels.
Proposal 9:  RAN1 studies impact of distributed antenna panel on resource allocation and congestion control.
3. Conclusion
In this contribution, it was discussed on the aspects on NR sidelink resource allocation mechanism. The following proposals were made:
Observation 1: In NR sidleink mode 2 operation, sensing mechanism is needed to avoid resources which will be used by other UEs.
Proposal 1: RAN1 targets to provide at least a comparable performance to LTE V2X in supporting periodic traffic and studies further how to support periodic and aperiodic traffics based on the following options.
· Option 1: Define a resource allocation solution reusing the LTE mechanism for periodic traffic and define another solution for aperiodic traffic.

· Option 2: Define a common resource allocation solution for both periodic and aperiodic traffic.

Proposal 2: RAN1 needs to agree the basic sensing principle, i.e., about how a UE identifies resources to be used by other UEs. Those used in Rel-14 can be a starting point, i.e., by decoding control information and measuring received energy.
Proposal 3: RAN1 studies how to design sensing and resource selection mechanism for aperiodic traffic. The following aspects need to be considered:
· For sensing in aperiodic traffic
· Multi-slot transmission can be beneficial as decoding SA and/or measuring energy in a slot can give the resource usage in future slots.

· TDM of SA and data in each slot can enable fast SA decoding which is useful in the sensing operation based on SA decoding.
· For resource selection in aperiodic traffic
· Further study is needed on how to select the transmission resource after excluding the resources identified during the sensing operation.
Proposal 4: RAN 1 needs support beneficial LTE V2X resource allocation principles. They include the zone-based resource allocation and the congestion control.
Proposal 5: RAN1 studies preemption mechanism of mode-2 operation, e.g., priority handling, TDMed transmission of SA and data, RSU relaying.

Proposal 6: RAN1 studies UE assistance for another UE’s resource selection by exchanging higher layer signaling to restrict or suggest a subset of resources.

Proposal 7: RAN1 studies mechanism of resource allocation and congestion control when using flexible frame structure for NR sidelink.

Proposal 8: RAN1 studies mechanism of feedback and adaptive retransmission number (more than 1) to support the advanced V2X services.
Proposal 9:  RAN1 studies impact of distributed antenna panel on resource allocation and congestion control.
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