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At RAN1#94bis, the following agreements [1] related to NR mode 2 sidelink resource allocation were reached:
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 paper, we discuss the resource allocation sub-modes for NR V2X sidelink and provide our views on mode-2 resource allocation methods including sensing and reservation, LBT, and grant-free for both in-coverage and out-of-coverage scenarios.
2 Requirements for sidelink resource allocation
In [1], it was identified that NR V2X was complementary to LTE V2X for advanced V2X services. The advanced services have been categorized into four use cases: vehicle platooning, extended sensors, advanced driving, and remote driving.  These advanced services have high requirements on the NR V2X design in terms of reliability, latency and data rates. Many of the requirements are similar to URLLC. In NR uplink, configured grant type 1 transmission was introduced to meet the low latency and reliability requirements of URLLC. For NR sidelink, a transmission mechanism with resource configuration similar to NR configured grant type 1 should be supported to achieve the low latency and high reliability requirement of advanced V2X applications. 
The requirements for the four categories of NR advanced V2X services are defined in TS 22.186 [2]:

Table 1 Advanced NR V2X use cases and requirements
	Use cases
	Payload (bytes)
	Latency (ms)
	Reliability (%)
	Data Rate (Mbps)

	Vehicle Platooning
	50-6500
	10-20
	90-99.99
	0.012-65

	Advanced Driving
	300-12000
	3-100
	90-99.999
	0.096-53

	Extended Sensors
	1600
	3-100
	90 - 99.999
	10-1000

	Remote Driving
	
	5
	99.999
	UL: 25, DL:1



3 Mode 2 resource allocation
Four resource allocation sub-modes are being considered for Mode-2. We clarify the UE behavior for each of the sub-modes and analyze the functionalities needed for mode-2 resource allocation operation in-coverage and out-of-coverage. We also point out some possible linkage between the functionalities listed under some sub-modes which could potentially be useful to other sub-modes and should as such be studied independently of any given sub-mode. 
3.1 Sub-mode 2-a
In this sub-mode, the UE may autonomously select sidelink resources for transmission within the (pre)-configured resource pools. Random selection is the simplest choice. However, with the stringent requirements for advanced NR-V2X application, autonomous UE resource selection is challenging: the UE has to meet the latency and reliability targets given the half-duplex constraint and the need to support different transmission schemes such as unicast, multicast and broadcast. Techniques such as sensing, reservation and/or LBT can be applied to improve the reliability and reduce the collision probability. However, these techniques can induce more latency and would make it even more challenging to meet the latency and reliability targets for the advanced NR V2X applications.
3.1.1 Sensing & resource selection
3.1.1.1 Sensing
Sidelink sensing is the procedure where the UE identifies occupied sidelink resources. The current functionalities agreed to be studied include decoding of sidelink control channel transmissions, sidelink measurements, detection of sidelink transmissions and even other options are not precluded, including combination of the above options. Sensing can be especially useful for out-of-coverage scenario as the UE is outside of network coverage and can use the sensing results in the resource selection procedure in order to avoid potential collisions.
3.1.1.2 Resource selection
Sidelink resource selection is the mechanism where the UE selects resources for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced). Which information is used by UE for resource selection may depend on the outcome of the sensing procedure and any information available at the UE such as from decoding of sidelink control channel at the time it needs to perform the resource selection operation.
As such, we do not believe that sensing and resource selection should be restricted to sub-mode 2-a as these two procedures have so far not been properly defined and could also be useful for other sub-modes including sub-mode 2-c. 
Observation 1: Sensing and resource selection should not be restricted to sub-mode 2-a as these two procedures have so far not been properly defined and could also be useful for other sub-modes including sub-mode 2-c.
Proposal 1: Sensing and resource selection procedures of sub-mode 2-a should be studied in a way which can also be used for the other sub-modes in mode 2. 
Below, we share our views on two specific sensing procedures, namely short-term sensing based on LBT and long-term sensing such as the one described in the current LTE-V specifications. 
3.1.1.3 Short-term sensing (i.e. LBT) 
A potential collision avoidance technique is listen-before-talk (LBT) where a UE performs a clear channel assessment and potentially random back-off before accessing the channel.  It is not clear at this stage if the LBT procedure defined for the unlicensed spectrum with unlicensed band regulations in mind can be readily reused for V2X communications over licensed spectrum. Specifying a new short-term sensing procedure specific to V2X operation may entail a lot of specification work far beyond the necessary scope of the current study and ensuing work items. 
One potential issue with LBT is the random backoff. This can severely affect latency. In particular, when the system is highly loaded, latency may easily exceed the latency budget. Besides, with sensing, the hidden and exposed node problems may further affect the performance, especially in terms of latency.
Thus, extensive performance analysis on short-term sensing needs to be conducted. In particular, latency needs to be carefully evaluated. Furthermore, reaching the extremely high reliability targets for some services (e.g., 99.999%) might be very challenging within the latency budget.
Observation 2: Short-term sensing increases latency due to random backoff. It needs to be determined whether short-term sensing can reach the V2X latency target (3ms for some use cases) under typical traffic loads.
3.1.1.4 Long-term sensing
LTE-V2X mode 4 resource allocation mechanism is based on long-term sensing and reservation. 
3.1.1.4.1 How Rel-14/15 sensing works
The sensing procedure for LTE-V2X is illustrated in Figure 1. In Figure 1, UE 0 is performing the sensing and resource selection procedure.


[image: ]
Figure 1. Sensing-based resource selection according to Rel-14 specifications (Mode 4)
In the first stage, UE 0 senses the resources during a sensing window. This is done by decoding the SAs sent on the PSSCH as well as by power measurements. When decoding SAs, the UE determines if the SA indicates that the resources are reserved in for future use. 

After sensing is done, the UE determines the top 20% candidate resources (taking into account reservation) in a resource selection window. The UE then randomly selects one of the top 20% resources. The UE then uses this resource until reselection occurs after expiration of a timer.
3.1.1.4.2 Limitations of Rel-14/15 sensing and resource selection
The sensing-based resource selection procedure standardized in Rel-14/15 has a number of shortcomings for the high reliability / low latency / high data rate requirements of eV2X services (i.e., platooning, sensor sharing, cooperative maneuvers) [3]. In particular, enhancements in the following areas would be needed:
1. Reducing latency
Low-latency services may be supported by shortening the Selection Window. However, this may increase the probability that the UE cannot find free resources within the shorter window compared to long selection window, since the available resource for selection will be reduced. Therefore, the LTE-V sensing mechanism and resource selection procedure would need to be enhanced to balance the latency and collision probability if sensing is introduced in Rel-16 NR V2X.
2. Reducing the impact of high mobility
The channel occupancy picture the UE gets from sensing in the recent past may quickly become obsolete, as a result of quick changes in the interference geometry due to high mobility. A mechanism to reduce the impact of high mobility on the usefulness of sensing would be beneficial.
3. Reducing impact of hidden nodes
Selecting resources at the transmitter is intrinsically unreliable due to the well-known ‘hidden node’ problem. As shown in Figure 2, a receiver (B) may be exposed to two transmissions (A and C). However, since the two transmitters A and C are not aware of each other, they can create interference and collisions at B. In the absence of a coordinating node, selecting resources based on a transmitter’s local sensing view reduces reliability, since collisions may happen at the receiver, which might have considerably different interference on the selected resource. While this can be somewhat alleviated with an “RTS/CTS” procedure, such a procedure would increase latency. Increased load conditions further increase the collision rate, since the UEs using the sensing mechanisms will more frequently start to select resources that are already used by other UEs. Furthermore, the problem is amplified on highways, where transmitters are effectively arranged in a line; any two transmitters that cannot sense each other potentially create a hidden node problem on any of the receivers that are located between them on a highway. Therefore, while the hidden node problem is inherent in any distributed resource allocation scheme, it is most pronounced in case of sensing-based solutions where sensing is performed on the transmitter side. 
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B
C

Figure 2. Hidden node problem.

Above (and possibly other) enhancements need to be implemented for the sensing-based resource selection to fulfill the stringent requirements of eV2X services efficiently. This becomes more important when payload sizes (e.g., 1000 bytes) and/or transmission rates (e.g., 100 Hz) increase, as is expected in NR V2X compared to LTE-V. 
Observation 3: LTE-V sensing procedures and sensing-based resource selection procedures only work well for periodic traffic.
Observation 4: LTE-V sensing (Rel-14/15), designed for broadcast services (CAM/DENM), cannot fulfill all the requirements of NR V2X use cases (i.e., platooning, sensor sharing, cooperative maneuvers). Enhancements to sensing techniques are necessary if they are to fulfill the requirements of advanced NR-V2X use cases.
Thus, in order to study the applicability of mode 2-a, we suggest the following:
Proposal 3: Study mechanisms to enhance UE resource selection in order to prevent hidden node problem in Mode-2-a.
3.2 Sub-mode 2-b 
According to this sub-mode, a UE assists sidelink resource selection for other UE(s). A UE may transmit some information to another UE to assist sidelink resource allocation. Such information can correspond to sensing or interference measurements. Another possibility is that a transmitting UE may assist a receiving UE by indicating resources for feedback in unicast or groupcast operation. For example, an indication message on grant free resource reservation or transmission pattern selection can be transmitted to other UEs to improve the reliability for sidelink grant free transmission. 
Consequently, the mechanism that UE assists sidelink resource allocation for other UEs should be considered as a set of functionalities which can be used in other sub-modes rather than an actual sub-mode.
Proposal 4: The mechanism that UE assists sidelink resource allocation for other UEs should be considered as a set of functionalities which can be used in other sub-modes.
3.3 Sub-mode 2-c
According to the definition of this mode, a UE is (pre-)configured with NR configured grant (type-1 like) for sidelink transmission. SL grant-free transmission can provide very low latency and high reliability that can satisfy URLLC requirements as motived in NR uplink. It can be used for both in-coverage and out-of-coverage UEs. Note also that in Rel-12, mode-2 D2D resource allocation was specified by having the UE pseudo-randomly selecting transmission patterns. Grant-free transmission under mode 2 can be viewed as an extension and an improvement of the pattern-based resource allocation mechanism of Rel-12 D2D. More details about this scheme are provided below where we provide our views on the different discussion points. 
3.3.1 Overview of mode 2-c operation
As discussed earlier, in order to support the very low latency (e.g. 3ms end-to-end delay) and high reliability requirements (e.g. 99.999%) of some NR V2X applications, fast repetition and immediate access to (pre-)configured resources should be supported. LTE Rel. 14/15 V2X supports up to two transmissions of the same TB in LTE SL mode 4, and the retransmission resource may be independently selected from that of the original transmission. NR’s higher reliability target requires a higher maximum number of retransmissions, and can be further enhanced by avoiding potential collisions between the SL retransmissions of different UEs. This can be achieved in a grant-free transmission mode, by (pre)-configuring a pool of two-dimensional time/frequency repetition patterns (TFRPs). The TFRPs indicate the time and frequency location of each repetition of a TB. The (pre-)configuration takes into account the UE needs and the radio conditions. The TFRP selection is performed at least once within the periodicity of the (pre-)configured grant resources. An example of TFRP pool is depicted in Figure 2.
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Figure 3. Example of TFRP pool.
In order to alleviate the half-duplex constraint, the pool of (pre-)configured TFRPs should be such that any two distinct TFRPs should not collide in at least one time unit which achieves the following benefits:
· Due to near-far effects and in-band emissions, simultaneous PSSCH transmissions from multiple UEs may interfere with each other even though those transmissions take place on different resources in the frequency domain. Such detrimental impacts are avoided as long as those devices select different TFRPs. 
· A UE is not able to transmit and receive PSSCH simultaneously. Grant-free transmissions using the TFRP pool allows UEs to transmit PSSCH and receive PSSCH from multiple UEs as long as those transmissions are carried out using distinct TFRPs.  
 
3.3.1.1 Out-of-coverage operation
An out-of-coverage UE can be pre-configured with a time-frequency repetition pattern (TFRP) and use this pattern to transmit a PSSCH in a grant-free manner. More generally, a UE may be configured or pre-configured with a TFRP pool, autonomously select a TFRP from the pool and use it to transmit a non-scheduled PSSCH. In this way, if two UEs share the same resources and transmit data simultaneously, then their transmission can still be resolved by virtue of using different TFRPs. The pattern pool solution could be applied for both in-coverage and out-of-coverage scenarios. Note that currently, mode 2-c is defined as “c)	UE is configured with NR configured grant (type-1 like) for sidelink transmission.” In order to clarify what is meant by configured, and to emphasize that when out-of-coverage, the UE relies on pre-configuration, unless overwritten by a previous configuration, we suggest to modify the definition of mode 2 c) as follows:
Proposal 5: The definition of mode 2 is modified as follows for mode 2-c: “c)	UE is (pre-)configured with NR configured grant (type-1 like) for sidelink transmission.”
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Figure 4. Example of (pre-)configured TFRP pool for VUEs.
Figure 2 shows another example of TFRP pool. Although TFRPs are two-dimensional bitmaps over time and frequency, this figure focuses on the time-domain multiplexing aspect in order to illustrate how TFRPs can help overcome the half-duplex constraint. This is especially useful in multicast scenarios where several UEs need to transmit and receive data from each other simultaneously. In the example at hand, it can be seen that all 21 UEs can transmit and receive data to/from each other which allows for mutual broadcast within the group while overcoming the half-duplex constraint. As can be seen, fast retransmission of a TB is enabled by the proposed grant-free transmission scheme which should be beneficial in terms of both latency and reliability. 
How many repetitions are allowed per TFRP should depend on the time-domain length of these patterns as well as the number of UEs.  On the other hand, the length of the TFRP in time-domain along with the subcarrier spacing should fit within the periodicity of the configured grant resources which will dictate the overall latency of the scheme. Therefore, there is a tradeoff to be achieved in terms of latency and reliability, which depends on the subcarrier spacing and time-domain length of the TFRPs. In general, with large subcarrier spacing such as 60 kHz, there is more opportunity for long enough transmission patterns within a given latency constraint. It is expected that the latency of GF transmission will be lower than with other techniques due to the fact that time-frequency resources in GF transmission are immediately available for the VUE to use, e.g. VUE does need to carry out any short-term sensing (e.g. LBT with random backoff) or long-term sensing (e.g., LTE-V2X sensing and reservation) procedure. GF transmission with configured transmission patterns also enables fast repetition which also increases reliability and contributes to reducing the overall latency for successful packet reception.
3.3.1.2 In-coverage operation
For the mode 1 grant-free in-coverage operation, the network can assign the TFRPs to the VUEs so as to avoid collisions between VUEs and achieve the best latency/reliability tradeoff. More details on mode 1 grant-free in-coverage operation can be found in our companion paper [3]. For mode 2 in-coverage operation, the GF operation mechanism can be similar to the out-of-coverage operation described in the above subsection, but for in-coverage operation the network can reconfigure common TFRP pool via SIB or dedicated TFRP pool/TFRP via RRC.
Proposal 6: NR mode 2 supports pre-configuration of TFRP pools and/or UE-specific TFRPs for out-of-coverage UEs. 

3.3.2 Sensing and resource selection
For mode 2-c UEs (pre-)configured with a UE-specific TFRP, no sensing or resource selection is needed. 
For mode 2-c UEs (pre-)configured with TFRP pools, TFRP selection is needed. During the resource selection, the UE could either pseudo-randomly select a pattern or may use some knowledge it obtains from monitoring the PSCCH. By keeping track of the currently used patterns, the UE can select one pattern that does not collide with the in-use patterns. In the extreme case, some form of sensing may be used to enhance the performance of TFRP selection for UEs (pre-)configured with TFRP pools. Nevertheless, whether and what form of sensing (if any) is used for mode-2c VUEs (pre-)configured with a TFRP pool can be considered further. In particular, the UE cannot rely on sensing alone in order to maintain the latency low
Proposal 7: For mode 2-c UE (pre-)configured with a UE-specific TFRP, no sensing or resource selection is needed. For mode 2-c UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Whether and what form of sensing (if any) is used for mode-2c UEs (pre-)configured with TFRP pools can be FFS.

3.3.3 Whether and how to use any granted but unused resources
For mode 2-c operation, sharing of the granted resources is not precluded. The pattern used depends on many things, such as traffic demand. If a UE does not have data to transmit, the UE does not use the granted resources. This has benefits, such as reducing the overall level of interference. In essence, the use of the (pre-)configured patterns is the same as for uplink grant 1 or grant 2.
3.3.4 How to adapt to traffic variation
At the last RAN1 meeting, it was agreed that for Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell [1].  Multiple (pre-)configured grant (CG) configurations with different configuration parameters are beneficial in order to address message characteristics of V2X services and support different types of service and traffic. In fact, benefits of multiple resource configurations per UE have been discussed for the same reasons in LTE V2X [4].  
As such, a UE can be transmitting sidelink packets from different traffic classes (QCIs) with different latency and/or bit rate requirements for which a single resource (pre-)configuration may not be enough. Therefore, mode 2-c UEs should have multiple GF (pre-)configurations suitable for different loads, latency, reliability and traffic types which they can use accordingly: one GF (pre-)configuration can be tailored to a 100-byte packet and another to 1kB packet. The UE can dynamically select a GF (pre-)configuration and also select a TFRP corresponding to that  GF (pre-)configuration.
For mode 2-c UEs (pre-)configured with a TFRP pools, the size of the TFRPs as well as the number of repetitions within a TFRP can be different in different (pre-)configurations, therefore providing the VUE with more flexibility to adaptively adjust its transmission parameters while taking into account variability of the network load, the latency and reliability requirements, traffic type etc. 
Proposal 8: Multiple resource (pre-)configurations are supported for UEs operating under mode 2-c.
3.3.5 How it is different from Mode-1 operation for in-coverage scenario
This question is actually not specific to mode 2-c, but applies to mode 2 in general. A mode-2 UE pre-configured with a UE-specific TFRP can be reconfigured by the network with a dedicated TFRP when it is in-coverage, in which case, it behaves essentially as a mode-1 UE configured with the same TFRP. 
On the other hand, a mode-2 UE pre-configured with a TFRP pool can also be reconfigured by the network with a common or dedicated TFRP pool but will essentially behave as a mode-2 UE in coverage with respect to TFRP selection from the TFRP pool. 
3.3.6 How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
A TFRP indicates the time and frequency location for the repetitions of a given TB and the pool is designed to overcome the half-duplex constraint and allow for mutual broadcast between VUEs. Resource pool on the other hand, is merely a time-frequency resource which does not indicate any repetition of a TB. 
With mode-2(a), the UE is attempting to avoid collisions with sensing. With mode-2(c), the UE mitigates collisions not by using avoidance, but by using TFRPs specifically designed to mitigate the half-duplex constraint and minimize collisions.
If mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration, then it is operating under network coverage. Unlike mode 2-a UEs operating in-coverage, mode 2-c UEs specifically configured with a UE-specific TFRP do not need to do any sensing or resource selection.
3.3.7 Whether and how this mode operates out of network coverage
This mode operates both in-coverage and out-of-coverage as described in previous sections.
3.4 Sub-mode 2-d
According to the definition of this sub-mode, a UE schedules sidelink transmissions of other UEs. This sub-mode can be especially useful for out-of-coverage scenario where a UE, perhaps having more capability than other UEs around it, can perform scheduling functions on behalf of the gNB. Procedures would have to be discussed on which UEs are capable of scheduling transmissions for other UEs.  In particular, whether gNB designates the scheduling UEs and how to select a scheduling UE within a group of users that are out-of-coverage may need to be studied. In addition, the type of UE scheduling (dynamic or through configured grant) needs to also be studied. 
Proposal 9: RAN1 should focus on studying modes 2-a, 2-c and 2-d. Functionalities of UE assistance identified under mode 2-b can be considered in each of the sub-modes after identifying the relevant UE assistance scenario specific to the sub-mode under consideration.
4 System level simulation of different resource allocation schemes
In this section, we provide some preliminary system level simulation results of different schemes representing different sub-modes of NR-mode 2. In particular, we compare NR Mode 2-c ( NR configured grant Type-1 like scheme) with NR Mode-2-a or sensing and reservation based UE autonomous selection scheme.  Packet reception rate (PRR) and packet inter-reception (PIR) performance that are described in TR 37.885 are used for the performance evaluation. The simulation assumptions and parameters are described in Table 1 in Appendix. 
For mode 2-c, each UE is configured with a set of time/frequency resources and when the packet arrives, the UE performs transmission at the next configured resource. The configuration of the GF transmission resource is considered to be ideal.  When repetition is used, a TFRP is selected from the TFRP pool. The TFRP pattern design follows the same principle as described in Section 3.3.1 and is adapted to the available time/frequency resources.  For mode 2-a, the sensing scheme defined for LTE-V2X release is used. We compare the performance of two schemes with both 1 transmission only and 2 repetitions per TB in two different traffic modes described in TR 37.885: periodic model 2 and aperiodic model 1. 

For both Periodic-2 and Aperiodic-1 models, Mode 2-c shows significant gains in terms of PRR for both single transmission and the repetition case. Repetition improves both the performance of Mode 2-a and Mode-2c significantly, especially at larger distance where the SNR for single transmission is low.. At very short distances, Mode 2-c performs better than Mode 2-a even though all schemes can achieve a very high PRR. However, at larger distances, Mode 2-c is able to maintain PRR much higher than Mode 2-a and the performance gap is quite significant even when repetition is applied to both schemes. The PIR results follow the same trend as PRR in all cases, i.e., a higher PRR means longer PIR, as expected. The absolute performance of PIR is bounded by the packet arrival rate, which matches well with the packet arrival rates of the two different traffic models. 
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Figure 5: PRR performance of mode 2-c versus mode 2-a in periodic model-2 traffic
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Figure 6: PIR performance of mode 2-c versus mode 2-a for periodic model-2 traffic
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Figure 7:  PRR performance of mode 2-c versus mode 2-a in aperiodic model-1 traffic
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Figure 8: PIR performance of mode 2-c versus mode 2-a in aperiodic model-1 traffic

5 Conclusions 
In this contribution, we discussed the resource allocation for UE autonomous transmission for NR V2X sidelink transmission.    
Observation 1: Sensing and resource selection should not be restricted to sub-mode 2-a as these two procedures have so far not been properly defined and could also be useful for other sub-modes including sub-mode 2-c.
Proposal 1: Sensing and resource selection procedures of sub-mode 2-a should be studied in a way which can also be used for the other sub-modes in mode 2. 
Observation 2: Short-term sensing increases latency due to random backoff. It needs to be determined whether short-term sensing can reach the V2X latency target (3ms for some use cases) under typical traffic loads.
Observation 3: LTE-V sensing procedures and sensing-based resource selection procedures only work well for periodic traffic.
Observation 4: LTE-V sensing (Rel-14/15), designed for broadcast services (CAM/DENM), cannot fulfill all the requirements of NR V2X use cases (i.e., platooning, sensor sharing, cooperative maneuvers). Enhancements to sensing techniques are necessary if they are to fulfill the requirements of advanced NR-V2X use cases.
Proposal 3: Study mechanisms to enhance UE resource selection in order to prevent hidden node problem in Mode-2-a.
Proposal 4: The mechanism that UE assists sidelink resource allocation for other UEs should be considered as a set of functionalities which can be used in other sub-modes.
Proposal 5: The definition of mode 2 is modified as follows for mode 2-c: “c)	UE is (pre-)configured with NR configured grant (type-1 like) for sidelink transmission.”
Proposal 6: NR mode 2 supports pre-configuration of TFRP pools and/or UE-specific TFRPs for out-of-coverage UEs. 
Proposal 7: For mode 2-c UE (pre-)configured with a UE-specific TFRP, no sensing or resource selection is needed. For mode 2-c UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Whether and what form of sensing (if any) is used for mode-2c UEs (pre-)configured with TFRP pools can be FFS.
Proposal 8: Multiple resource (pre-)configurations are supported for UEs operating under mode 2-c.
Proposal 9: RAN1 should focus on studying modes 2-a, 2-c and 2-d. Functionalities of UE assistance identified under mode 2-b can be considered in each of the sub-modes after identifying the relevant UE assistance scenario specific to the sub-mode under consideration.
6 Appendix

[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 3: simulation assumption
	Parameter
	Assumption

	Layout 
	Highway scenario

	UE distribution
	UE drop A

	Frequency
	6 GHz

	Simulation bandwidth
	100 MHz

	In-band emission
	According to TR 36.885 evaluation assumptions, with {W, X, Y, Z} = {3, 6, 3, 3}

	Link type
	Direct vehicle-to-vehicle link

	UE antenna model
	TR 37.885 Option 1

	Traffic Model 
	TR 37.885 Periodic Model 2 or Aperiodic Model 1 

	Number of antenna
	4
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