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1. Introduction
In RAN1#94bis meeting, the following agreements were made:
	Agreements:

· Sidelink sensing and resource selection procedures are studied for Mode-2(a)

· The following techniques are studied to identify occupied sidelink resources

· Decoding of sidelink control channel transmissions

· Sidelink measurements

· Detection of sidelink transmissions

· Other options are not precluded, including combination of the above options

· The following aspects are studied for sidelink resource selection

· How a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)

· Which information is used by UE for resource selection procedure

Agreements:

· The following aspects about assistance information are studied for Mode 2(b)

· Which assistance information is used and how it is acquired

· Which UE sends assistance information

· How to deliver assistance information, including physical channel and UE behavior

· How assistance information is taken into account in determination of sidelink resource for transmission

· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

Agreements:

· The following aspects are studied for Mode 2(c)

· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts

· Whether any sensing or resource selection procedure is used on top of configured grant(s)

· Whether and how to use any granted but unused resources

· How to adapt to traffic variation

· How it is different from Mode-1 operation for in-coverage scenario

· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration

· Whether and how this mode operates out of network coverage

· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

Agreements:

· The following aspects are studied for Mode 2(d)

· In which use cases/scenarios this mode is applicable

· What is the overall architecture for Mode-2(d) operation

· How to decide which UE schedules which other UE(s) and how to maintain this relationship

· What is the procedure of UE(s) when the scheduling UE disappears

· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs

· Which resources can be used to schedule other UEs 

· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 

· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)


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. Mode-2(a) operation
In last meeting, RAN1 agreed necessity of study about sidelink sensing and resource selection procedure for Mode-2(a) operation. Basically, sensing based resource selection can be beneficial to performance gain than random resource selection without any sensing operation as we already observed in LTE V2X. Similarly, In NR V2X, the need for such sensing mechanism is majority of companies view, so, it is essential to define such sensing principle as well in NR sidelink Mode-2(a) operation. 

Observation 1: In NR sidelink Mode-2(a) 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. We think that if single solution cannot provide comparable performance at least to LTE V2X in supporting periodic traffic, it is beneficial to reuse basic principles from LTE-V2X protocol for handling periodic traffic. Also, separate design has the potential to have more optimized features for the target traffic
Then, RAN1 needs to discuss how to design sensing mechanism details in NR V2X. 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. Also, priority information obtained by decoding UE B SA was considered when UE A excludes some parts of resources in resource selection procedure. Similarly, in NR V2X, this principle can be reused as it is beneficial for handling priority handling between services and collision avoidance between UEs. 
For measuring received energy, UE can measure sidelink measurement metrics at least used as in Rel-14, e.g., S-RSRP, S-RSSI. 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 1: For sensing operation in Mode 2-(a), at least the following information is used as in Rel-14.

· Scheduling and priority information obtained by decoding PSCCH

· Sidelink measurement (e.g., S-RSRP, S-RSSI)

For resource selection procedure in Mode 2-(a), information as used from Rel-14 V2X can be reused at least information from sensing operation and latency requirement. As already mentioned above, a UE can sense resources occupied by other UEs, this sensing information is used to exclude some part of resources in resource selection procedure. Also, latency requirement is used to set the selection window in Rel-14, it can be reused in NR V2X for resource selection procedure. When latency requirement is considered in resource selection procedure, it is beneficial to select resources for keeping within UE’s packet delay budget, in addition, latency can be further considered to manage redundant transmission in NR V2X, e.g., blindly retransmission considering latency budget. 
Proposal 2: For resource selection procedure in Mode 2-(a), at least the following information can be used.

· Sensing information (e.g., to exclude occupied resources by other UEs)

· Latency (e.g., for selection window setting and redundant transmission)

As basic principle about how to design the sensing and resource selection mechanism is described above, 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 by decoding SA 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. At the same time, a UE can assume that the resources which is indicated by previous SA are occupied by comparing sidelink measurement(S-RSRP, S-RSSI) to a threshold. It can be further discussed how to design a threshold, for example, how to set a threshold used in deciding an occupying resource. 
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 such as random backoff selected from configured contention window (CW) with counter decrement for each idle resource and random selection within a predetermined selection window. Based on this principle, opportunity to occupy resources is randomly distributed for UEs, hence, more collision avoidance can be made among multiple UEs. Based on this principle, 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, etc. 

So, sensing and resource selection operation for aperiodic traffic can be exemplified as follows:
(1) A UE always monitors control channels of other UEs except in a slot in which it is transmitting. 

(2) When the UE has a message to be transmitted, it selects a random value in the range of [0, (CW-1)]. The counter is set to the selected value. 

(3) In each slot, the UE counts the number of unoccupied resources (or sub-channels). Here, a sub-channel is assumed to be occupied when following conditions are satisfied. 
1) The UE received in a previous slot a PSCCH which schedules PSSCH in the sub-channel of the current slot and RSRP measured by the UE is higher than a threshold, or
2) RSSI measured by the UE is higher than a threshold.

(4) The UE decreases the counter by the number of unoccupied resources.
(5) If the counter is equal to or smaller than zero, then the UE starts to transmit the message using a randomly selected unoccupied resources. If not, the UE moves to the next slot and repeats the procedure (3).
An example resource allocation, called “UE Resource selection with Collision Avoidance” was proposed based on the mechanism discussed above and evaluated in [1]. 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 [1] 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 in Mode-2(a) operation. The following aspects need to be considered:
· 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.

Proposal 4: For sensing and resource selection mechanism of aperiodic traffic in Mode-2(a) operation, the following can be considered.
· For sensing in aperiodic traffic

· A UE can determine resources state, i.e., idle or busy by decoding SA and/or using sidelink measurement.
· For resource selection in aperiodic traffic, further study is needed on resource selection mechanism including
· How to ensure the latency requirement
·  How to handle different priority

· How to randomize resource selection from multiple UEs observing the same idle resources

2.2. Mode-2(b) operation
In NR V2X Mode-2(b), a UE can provide assistance information to other UE for resource allocation. Delivering assisting information to other UEs may have several beneficial aspects including advantage of resource controlling by certain assisting UE, QoS management or reduction of hidden node problem. In addition, Mode-2(b) operation can support or coordinate Mode-2(a) operation to improve following some aspects. Actually, resource allocation mode-2(a) itself cannot ensure very high reliability services due to randomness of aperiodic traffic characteristics due to following reasons. First of all, when two UEs using aperiodic traffic try to allocate similar resources simultaneously, it is hard to be selected cornerwise resources between two UEs because short selection window considering tight latency and randomness of aperiodic traffic characteristics. Second, to avoid half duplex problem for a UE, transmission time should be enough guaranteed. But, in handling aperiodic traffic, a UE cannot easily predict when is RX timing. So, to support Mode-2(a) problems, coordination TX timing by receiving assisting information by Mode-2(b) beforehand can mitigate collision among multiple UEs and half duplex problem.  
Several questions were made regarding Mode-2(b) operation, and we think that the answer would be dependent on whether the assistance information is something restricts/controls a UE’s transmission resource or additional input to a UE’s resource selection. For an easy discussion, we define the following two types in Mode-2(b):
· Type A: There is a hierarchy between UEs. A UE (e.g., head UE) restricts the resource pool of another UE (e.g., member UE). 

· Type B: There is no hierarchy between UEs. A UE sends assistance information to another UE, and the receiving UE could refer to this information in its resource allocation.

In Type A, the assisting UE indicates a subset of resources and a UE receiving the assistance information should limit its resource selection to the indicated resource subset. More centralized resource coordination can be done in Type A, so the resource coordination can be more efficiency once the assisting UE properly determines the resource subset to be used by other UEs. As an example, the assisting UE uses a resource subset for the ongoing unicast session and, if a new unicast session is established, the assisting UE can indicate a non-overlapping resource subset to the peer UE of the new unicast session such that transmissions from different session can be separated. As this type directly affects the UE behaviour, an issue can be raised regarding whether a UE can trust an assisting UE, which may be answered based on input from other WGs.
On the other hand, Type B have no hierarchy between UEs, hence, no or less impact is expected on the overall architecture. The main difference from Type A is that a UE receiving assisting information is not obliged to follow the control of the assisting UE. As an example, the assisting UE can indicate its preference on each resource based on the resource usage for other sessions with the possibility that a UE receiving this assistance information may select a non-preferred resource depending on the situation. When the assisting UE establishes a new unicast session, the assisting UE can indicate a lower preference for the resource subset that are likely to be used for the ongoing session, and the preference information can be delivered to the peer UE of the new unicast session. The peer UE takes the information into account, e.g., by adjusting the resource idle/busy threshold such that resources with a lower preference are avoided statistically. We note that Type B is similar to the inter-cell interference coordination defined in LTE in the sense that each of the coordinating base stations sends information on its own resource usage or observation without assuming a hierarchical structure. In Type B, the assisting UE can also provide preference on each resource based on the channel measurement, e.g., interference level. For example, if assisting information means that certain resource have severe interference level, that resource can be excluded in UE’s own resource allocation procedure. Figure 2 depicts rough concepts of Type A and Type B.
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Figure 2 Mode-2(b) Type A and Type B

Proposal 5: Mode-2(b) are supported. RAN1 studies the following two types of Mode-2(b), and which one is supported can be determined by inputs from RAN2 and SA2.
· Type A: There is a hierarchy between UEs. A UE (e.g., head UE) restricts the resource pool of another UE (e.g., member UE). 

· Type B: There is no hierarchy between UEs. A UE sends assistance information to another UE, and the receiving UE could refer to this information in its resource allocation.

2.3. Mode-2(c) operation

In Mode-2(c), main principle is that type-1 like NR configured grant transmission can be used for sidelink mode 2. We think that some negative impacts are existed in this principle. Actually, there is a configured grant scheme for in-coverage Mode 1 UE. It seems that it doesn’t make any difference between two mechanisms, so it is not clear what additional benefit can be achieved compared to Mode 1 operation. In addition, in OOC (out of coverage) or idle UE scenarios, a lot of vehicles should be preconfigured with Mode-2(c) resource set. But, although OOC or idle vehicles are received with Mode-2(c) resource set, it is doubt how to handle collision among lots of vehicles considering aperiodic traffic characteristics. Also the clear difference between Mode-2(c) and Mode-2(a) with dedicated sidelink resource pool configuration could not be seen.

Proposal 6: Mode-2(c) is not preferred since it is not clear at least on what additional benefit can be achieved compared to Mode 1 for in-coverage UE and Mode-2(a) for out-coverage/idle UE. 

2.4. Mode-2(d) operation

About Mode-2(d), we think that it is not the preferred option considering the several negative aspects. First of all, a complete scheduling authority cannot be easily given to a UE because a new hierarchy needs to be defined among UEs. Also the latency and signaling overhead will be increased due to the exchange of necessary messages (e.g., SR, BSR, grant) for the scheduling operation, which makes the half-duplex problem worse. 
Besides, Mode-2(b) can be more beneficial to coordinate resource for other UEs rather than Mode-2(d). In Mode-2(d), when scheduling UE allocates certain time/frequency resource, a UE should follow to use that resource even though another resource seems to be less interference condition. While Mode-2(b), there is a more room to select another better resource in its own resource selection procedure considering assistance information. In addition, Mode-2(d) has difficulty in avoiding resource collision among UEs scheduled by different scheduling UEs. For example, if the neighboring UE is outside of the certain group controlled by the scheduling UE, high interference from neighboring UE’s transmission can appear in the scheduled resource. It is hard to handle such high interference in the resource by using Mode-2(d). And, we think that it can be possible to obtain the similar effect of Mode-2(d) by using Mode-2(b) for semi-static inter-UE resource coordination. 

As described in our companion paper [2], it would not be an efficient way that gNB manages all UEs for unicast/groupcast considering network/signaling overhead for connection management. Therefore, in order to alleviate the complexity of scheduling unicast/groupcast transmission in Mode 1, it can be considered for a UE to forward sidelink grants generated by the gNB to another UE.
Proposal 7: Mode-2(d) is not preferred considering at least the following aspects:

· Latency and signaling overhead (e.g., caused by exchanging messages such as SR, BSR, grant) as well as the resultant half-duplex problem

· Difficulty in avoiding resource collision among UEs scheduled by different scheduling UEs (e.g., high interference from neighboring UE’s transmission can appear in the scheduled resource when the neighboring UE is outside of the group controlled by the scheduling UE)

· Possibility of obtaining the similar effect by using Mode-2(b) for semi-static inter-UE resource coordination

2.5. Further consideration points for NR V2X resource allocation
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 8: RAN 1 needs to support beneficial LTE V2X resource allocation principles, which include the zone-based resource allocation and the congestion control. 
Another discussion point is that RAN1 need to further discuss how to enable sidelink preemption for NR V2X mode-2 operation considering QoS impact, e.g., latency, priority, reliability. 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 9: RAN1 studies preemption mechanism of mode-2 operation, e.g., priority handling, TDMed transmission of SA and data, RSU relaying.
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 10: 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. 

Proposal 11: RAN1 studies mechanism of 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 [3]. 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 12:  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 sidelink Mode-2(a) operation, sensing mechanism is needed to avoid resources which will be used by other UEs.
Proposal 1: For sensing operation in Mode 2-(a), at least the following information is used as in Rel-14.

· Scheduling and priority information obtained by decoding PSCCH

· Sidelink measurement (e.g., S-RSRP, S-RSSI)

Proposal 2: For resource selection procedure in Mode 2-(a), at least the following information can be used.

· Sensing information (e.g., to exclude occupied resources by other UEs)

· Latency (e.g., for selection window setting and redundant transmission)

Proposal 3: RAN1 studies how to design sensing and resource selection mechanism for aperiodic traffic in Mode-2(a) operation. The following aspects need to be considered:

· 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.

Proposal 4: For sensing and resource selection mechanism of aperiodic traffic in Mode-2(a) operation, the following can be considered.

· For sensing in aperiodic traffic

· A UE can determine resources state, i.e., idle or busy by decoding SA and/or using sidelink measurement.
· For resource selection in aperiodic traffic, further study is needed on resource selection mechanism including
· How to ensure the latency requirement
·  How to handle different priority

· How to randomize resource selection from multiple UEs observing the same idle resources

Proposal 5: Mode-2(b) are supported. RAN1 studies the following two types of Mode-2(b), and which one is supported can be determined by inputs from RAN2 and SA2.
· Type A: There is a hierarchy between UEs. A UE (e.g., head UE) restricts the resource pool of another UE (e.g., member UE). 

· Type B: There is no hierarchy between UEs. A UE sends assistance information to another UE, and the receiving UE could refer to this information in its resource allocation.

Proposal 6: Mode-2(c) is not preferred since it is not clear at least on what additional benefit can be achieved compared to Mode 1 for in-coverage UE and Mode-2(a) for out-coverage/idle UE. 

Proposal 7: Mode-2(d) is not preferred considering at least the following aspects:

· Latency and signaling overhead (e.g., caused by exchanging messages such as SR, BSR, grant) as well as the resultant half-duplex problem

· Difficulty in avoiding resource collision among UEs scheduled by different scheduling UEs (e.g., high interference from neighboring UE’s transmission can appear in the scheduled resource when the neighboring UE is outside of the group controlled by the scheduling UE)

· Possibility of obtaining the similar effect by using Mode-2(b) for semi-static inter-UE resource coordination

Proposal 8: RAN 1 needs to support beneficial LTE V2X resource allocation principles, which include the zone-based resource allocation and the congestion control. 
Proposal 9: RAN1 studies preemption mechanism of mode-2 operation, e.g., priority handling, TDMed transmission of SA and data, RSU relaying.
Proposal 10: RAN1 studies mechanism of resource allocation and congestion control when using flexible frame structure for NR sidelink.
Proposal 11: RAN1 studies mechanism of adaptive retransmission number (more than 1) to support the advanced V2X services.
Proposal 12:  RAN1 studies impact of distributed antenna panel on resource allocation and congestion control.
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