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Introduction
In RAN1 #95 meeting, it was agreed that Mode-2(b) will not be supported as a standalone submode and the details of Mode-2(a) 2(c) 2(d) should be further studied [1], as shown in the below:
[bookmark: _Ref494215420]Agreements:
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission

Agreements:
· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
· Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE
Agreements:
· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
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Agreements:
· Initialization of Mode-2(d) operation is FFS
· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs
· The following options are identified:
·  Based on sensing procedure by scheduling UE
·  Configured by gNB if scheduling UE is in-coverage
·  Pre-configured if scheduling UE is out of coverage
· Transmitting UE provides information about sidelink resources to scheduling UE
· FFS behavior/algorithm of scheduling UE 
· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signaling
· Higher layer signaling
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Relationship between scheduling UE and UE groups from upper layer perspective
· Whether UEs from the same upper layer group are served by the same scheduling UE
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other submodes 

In this contribution, we discuss some related issues on Mode-2(a) 2(c) 2(d) and provide potential solutions and suggestions. Besides, we provide our consideration on work flow design of Mode-2(c) and 2(d).

Discussion
UE autonomously selects sidelink resource for transmission (Mode-2(a))
After RAN1#95 meeting, the basic procedure of resource selection mechanism of Mode-2(a) has achieved some consensus: first of all, UE excludes the part of resources in resource selection window, which are occupied by the other UEs in sensing window. Then, the UE continues excluding resources by using energy detection or SCI measurement in the remaining resources. Finally, the UE selects transmission resources in obtained candidate resources. Under this framework, when designing resource selection in Mode-2(a), there are still some specific issues for further study.
Potential half-duplex issue for aperiodic traffic
As known to all, due to half-duplex, UE cannot receive data when it transmits. For example, in LTE V2X sensing procedure, UE cannot decoding the other SCI information at its transmission occasion in sensing window, which will result in that some occupied resources cannot be identified. To solve this problem in LTE V2X, UE excludes all potential occupied resources according to some reservation interval parameters configured by higher layer. The solution relies on the periodic characteristic of LTE V2X traffic. But in NR V2X, besides periodic traffic, aperiodic traffic also exists. Given that the arrival time of aperiodic traffic is random, UE cannot accurately exclude potential occupied resources by aperiodic traffic based on several fixed values configured by higher layer. Specifically, the schemes in [2-3] have introduced a SCI-R to solve the resource contention problem caused by aperiodic traffic. If some SCI-R transmissions from other UEs happen at the same time as the sensing UE, the half-duplex problem will happen. As shown in Figure 1, UE A is a sensing UE, UE B and UE C transmit the SCI-R while UE A transmits. Due to half-duplex, UE A cannot acquire SCI-R sent by UE B and UE C. Then, UE A cannot know the occupied resources by UE B and UE C within resource selection window. This will lead to increasing of collision. Therefore, the half-duplex problem for aperiodic traffic should be considered.

 Figure 1. Half-duplex issue in aperiodic traffic 
Proposal 1: The design of resource selection mechanism should reduce potential half-duplex problem caused by aperiodic traffic.
Ranking problem 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE V2X, the ranking method based on RSSI measurement [4] can provide a candidate resources set with less interference for MAC layer. For example, physical layer reports the 20% of candidate resources with minimum RSSI to MAC layer. However, the RSSI measurement is only valid when all transmissions are periodic since the RSSI value measured in aperiodic transmission is inaccurate. As shown in Figure 2, candidates1 and 2 are two candidate transmission resources after excluding the occupied resources. The RSSI is measured over certain specific T-F locations (indicated by blue frame and yellow frame) associated with transmission reservation period. When only periodic traffic exists, the RSSI value of candidate1 is higher than candidate2, and candidate 2 will be selected. In this case, RSSI accurately reflects the interference level in candidate resources. However, when aperiodic traffic also exists, RSSI of candidate1 is lower than candidate2, since aperiodic transmissions are overlapped with the RSSI measurement T-F locations of candidate1. As a result, RSSI will not reflect interference level in this case. Hence, for NR V2X services with both periodic and aperiodic traffic, the ranking method from LTE V2X cannot work well.
On the other hand, some companies propose that decoding SCI [2-3] or energy detection [5-6] should be used to compete transmit resources. The method based on competition enables that UE determines the transmit resources without a step of ranking. However, the absence of ranking may lead to performance degradation. 
As for the problem described above, two options can be considered: 
Option1: Design a new ranking scheme, which reflects valid RSSI measurement for both periodic and aperiodic traffic. 
Option2: Adopt an enhanced resource selection scheme without ranking step, where the performance loss caused by absence of ranking step should be compensated 
Proposal 2: Study the inaccuracy of ranking candidate resources based on RSSI measurement caused by aperiodic traffic in NR V2X.

Figure 2. LTE V2X ranking method
UE is configured with NR configured grant for sidelink transmission (Mode-2(c))
According to RAN 1 #95 meeting agreements, for Mode-2(c), if single pattern is configured, UE will not perform sensing; and if multiple patterns are configured, UE will perform sensing for selecting one pattern. In the following, we provide our consideration on the possible sensing design.
Sensing window and pattern selection window
When determining the size of sensing window in mode 2(c), multiple times of CG configuration period T should be considered since sensing procedure is performed on pattern pool, i.e., kT, where k is a positive integer. Considering that time n may happen to be some instance within a period T, rather than both ends, the minimum value of k should be 2, so that a complete pattern can be included in sensing window.
As for the size of pattern selection window, it should meet the latency requirement. If a UE selects a pattern in pattern selection window for transmission, the maximum time delay cannot exceed the latency requirement. Besides, the starting position of the selection window is up to UE implementation.
Proposal 3: In sensing-based pattern selection scheme, the size of sensing window can be multiple times of CG configuration period T and the size of pattern selection window should meet the latency requirement.
SA decoding 
Since the time and frequency resource location of each configured pattern is determined and known to UEs, the location of PSCCH in each pattern can be fixed to reduce the complexity of blind decoding, e.g., the center of PSCCH can be aligned with the center of the pattern, as shown in Figure 3. 
Besides, since a pattern indicates the location of multiple transmissions of a TB, it is possible to determine whether a pattern is occupied without detecting all the transmission locations of the pattern. As shown in the Figure 4, the steps can be taken to reduce the number of PSCCH blind detection and ensure reliability as well.  A UE performs SCI detection at the first transmission location of a pattern. If SCI is detected at the first transmission location, it is determined that the pattern is occupied without detecting SCI of the retransmission of the pattern. Otherwise, it is necessary to detect SCI at retransmission location of the pattern to determine that the pattern is occupied or not. In this step if SCI is detected at the retransmission location, the pattern is determined to be occupied, otherwise the pattern is determined to be unoccupied.

[image: ]                                     
Figure 3. The location of PSCCH in a pattern              Figure 4. The procedure of SA decoding
Proposal 4: Support fixing the location of PSCCH in each pattern to reduce the complexity of blind decoding.
Observation 1：It is possible to determine whether a pattern is occupied without blind detection all the transmission locations of the pattern.
Pattern selection
In pattern selection window, UE first excludes patterns by the result of SA decoding and/or energy measurement. Then, UE can randomly select a pattern among the remaining patterns in pattern selection window. Random selection can be a baseline and other options should be studied including LBT. Once a pattern is selected, it can be occupied by the UE in several consecutive CG configuration periods at least for periodic traffic. However, for aperiodic traffic, this will causes granted but unused resource. Therefore, in order to reduce resource wastage, dynamic pattern selection for aperiodic traffic can be considered, i.e., pattern selection is performed only when aperiodic traffic arrives, and the selected pattern is only used for transmitting current TB.
Proposal 5: In sensing-based pattern selection scheme, support random selection as a baseline and further study other options including LBT.
UE schedules sidelink transmission of other UEs (Mode-2(d))
Scheduling UE performs resource selection for the group member UEs
When the scheduling UE performs resource selection for the group member UEs, Mode1, Mode-2(a) or 2(c) can be used by the scheduling UE for obtaining resources. However, as the group member UEs can have multiple transmission resource pools, if the acquired resources are from different pools for different group member UEs at the same time, it will increase the procedure complexity of the scheduling UE. Therefore, dedicated resource pool for Mode-2(d) should be defined which can be (pre)configured or informed to the group member UEs through PC5 RRC. UEs should use the same dedicated resource pool at the same time if they are in the same group.
Proposal 6: Dedicated resource pool(s) should be defined for Mode-2(d), which can be (pre)configured or informed to the group member UEs through PC5 RRC.


Figure 5. The procedure for scheduling UE perform resource selection for a group member UE
When the data is ready at higher layer, the group member UE can request the scheduling UE to allocate corresponding resources, then scheduling UE can select the resources based on the request and response to the requested group member UE. Finally, the requested group member UE will use the allocated resources to transmit the data, as shown in Figure 5. Based on this procedure, we need to investigate the details of request & response signals and their occupied channels.


Figure 6. The procedure for scheduling UE perform resource selection for the group member UEs
If the group member UEs request the resources in close time, it is more appropriate to schedule to resources in a centralized way. This is especially attractive to the information exchange within platoon case [7]. As the latency is up to 500ms, it is possible for the scheduling UE to assist all the requested sidelink transmissions at once in one centralized resource, and then each UE will select each own resource inside it, as shown in Figure 6. Therefore, it will not only decrease the complexity of resource selection, but also decrease the fragmentation of channel occupation. 
Proposal 7: The details of the request & response signals and their occupied channels needs further study.
Mode switching
If a UE tries to leave the group, it can switch from Mode-2(d) to other submodes (for example, Mode-2(a)), as shown in Figure 7.


Figure 7. The procedure of a UE switching from Mode-2(d) to Mode-2(a)
At time C, the UE sends request to the scheduling UE to leave the group, and meanwhile it begins to perform sensing to switch to Mode-2(a). New data may arrive at time D and require to be sent at time E, as shown in Figure 7. However, it takes time for the UE to perform resource sensing and selection in Mode-2(a), the desired resources for transmission may not be ready at time E, if the time interval between time C and E is not adequate. Therefore, we suggest that the UE can use the exceptional pool until the sensing resource is available. For other submodes switching to Mode-2(d), the exceptional pool can be also used during the transition period.
Proposal 8: Exceptional pool can be used during submodes switching.
In some other situations, UE may lose the connection in Mode-2(d) in sudden, e.g. due to some problems, the scheduling UE suddenly stops scheduling or the group dissolution, etc. In order to mitigate the ambiguity, the default submodes should be defined.
Proposal 9: Mode-2(a) or Mode-2(c) should be defined as the default mode when UE fails in Mode-2(d).
The scheduling UE stops scheduling problem
During the last meetings, some companies raised the problem about the procedure of UE (s) when the scheduling UE suddenly stops scheduling. In order to solve it, the first step should enable group member UEs to identify the disappearance of the scheduling UE. This can be allowed the group member UEs to monitor the synchronization signals and/or SL-RS sent by scheduling UE to know whether they can still maintain the communication periodically.
If the group member UEs detect the failure connection, normally, there have three options for them:
· Option 1: the group member UEs elect a new scheduling UE immediately.
· Option 2: the group member UEs keep monitoring other nearby groups and join them instead.
· Option 3: the group member UEs leave the group and schedule the resource by itself.
However, it is obvious that all of the options should face the extra latency problem. Therefore, if we can define an extra assisted scheduling UE during the initial group-forming or group reforming,  group member UE can request resource to the assisted scheduling UE directly when the scheduling UE stops scheduling.


Figure 8. Scheduling UEs and group member UEs inside a group 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 10: Study the possibility to use another assisted scheduling UE, when the scheduling UE stops scheduling.  
Conclusion
[bookmark: _GoBack]In this contribution, we discussed the resource allocation for Mode2 for NR V2X sidelink transmission and following conclusions are proposed: 
Observation 1：It is possible to determine whether a pattern is occupied without blind detection all the transmission locations of the pattern.
Proposal 1: The design of resource selection mechanism should reduce potential half-duplex problem caused by aperiodic traffic.
Proposal 2: Study the inaccuracy of ranking candidate resources based on RSSI measurement caused by aperiodic traffic in NR V2X.
Proposal 3: In sensing-based pattern selection scheme, the size of sensing window can be multiple times of CG configuration period T and the size of pattern selection window should meet the latency requirement.
Proposal 4: Support fixing the location of PSCCH in each pattern to reduce the complexity of blind decoding.
Proposal 5: In sensing-based pattern selection scheme, support random selection as a baseline and further study other options including LBT.
Proposal 6: Dedicated resource pool(s) should be defined for Mode-2(d), which can be (pre)configured or informed to the group member UEs through PC5 RRC.
Proposal 7: The details of the request & response signals and their occupied channels needs further study.
Proposal 8: Exceptional pool can be used during submodes switching.
Proposal 9: Mode-2(a) or Mode-2(c) should be defined as the default mode when UE fails in Mode-2(d).
Proposal 10: Study the possibility to use another assisted scheduling UE, when the scheduling UE stops scheduling.  
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