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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
At RAN1#95, the following agreements [1] related to NR mode 2 sidelink resource allocation were reached for mode-2(a):
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 […]
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

For mode-2(c), the following was agreed:
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

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 resource/pattern selection for mode 2-a/2-c for both out-of-coverage and in-coverage scenarios.
2 Mode 2 resource allocation
2.1 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.
2.1.1 Sensing & resource selection
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.
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. 
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. 
2.1.1.1 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 1: 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.
2.1.1.2 Long-term sensing
LTE-V2X mode 4 resource allocation mechanism is based on long-term sensing and reservation. 
2.1.1.2.1 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.
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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.
2.1.1.2.2 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) [2]. 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. 

 A
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 2: LTE-V sensing procedures and sensing-based resource selection procedures only work well for periodic traffic.
Observation 3: 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 2: Study mechanisms to enhance UE resource selection in order to prevent hidden node problem in Mode-2-a.
2.2 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. 
2.2.1 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.  
 
2.2.1.1 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. 
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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.

2.2.2 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. For the TFRP selection, the UE could either pseudo-randomly select a pattern or may use some knowledge it obtains either from monitoring the PSCCH or from detecting DMRS. For the former, an indication message on the selected TFRP can be transmitted to other UEs to improve the reliability of GF transmissions. While transmitting the explicit indication message results in more reliable detection of selected TFRPs, in case of detecting DMRS there could be a mapping between a detected DMRS and an associated TFRP, so that no TFRP indication message needs to be sent as part of the SCI, thus saving on signaling overhead. As illustrated in Figure 5, sensing in the form of SCI decoding and/or DMRS detection can lead to a reduction of TFRP collisions. By keeping track of the currently used patterns, the UE can select one pattern that does not collide with the in-use patterns. Importantly, sensing for TFRP selection in mode 2-c does not impact latency as may be the case for other sensing schemes such as those based on LBT.
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Figure 5. Example usage of sensing for TFRP selection to improve the reliability of GF transmission. (a) without sensing a TFRP collision may occur. (b) with sensing the TFRP collision can be avoided.

Proposal 3: For mode 2-c UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Sensing for TFRP selection can be performed implicitly e.g. based on DMRS detection.
2.2.3 How to adapt to different packet size
A UE can be (pre-)configured with multiple GF (pre-)configurations (a GF (pre-)configuration includes TFRP pool, GF resource periodicity etc). GF (pre-)configurations may include TFRPs with different resource sizes in time and frequency (e.g. different number of RBs or time unit). UE may dynamically select the (pre-)configuration that best matches the traffic load/source packet size. This is similar to having multiple active UL configured grants in a given BWP in a given cell in NR Uu (agreed in RAN1#94b). In fact, benefits of multiple resource configurations per UE have been discussed for the same purpose in LTE V2X.  
If the GF resource periodicity is small enough, a large packet can be split into multiple small packets that can be transmitted in different periods. 
Within a GF (pre-)configuration, the TFRP pattern pool design may take the packet size into account. For example, the TFRP pool design in Fig. 6 contains TFRPs with different frequency sizes. When a UE selects a TFRP, it can take into account the frequency size of the resources in the TFRP pool and select a TFRP with frequency size matching the packet size. 
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Figure 6. TFRP pool with variable frequency size per TFRP
Another way to deal with variable packet sizes, is to replicate the pattern pool (e.g. the one in Figure 1) in the frequency domain, assuming such frequency domain resources are available. Then a UE can select a TFRP from the original pattern pool and a second TFRP from the second pattern pool in case of a packet with a larger size. 
Some other solutions for designing TFRP pools to deal with variable packet sizes are proposed in section 3 of R1-1812409 [Fujitsu].
2.2.4 How to adapt different user density
UEs can be configured with multiple GF (pre-)configurations. UE may detect the activity level of other users’ transmissions and select the configuration that best matches its own QoS requirements and help reduce the interference in the network. Such GF (pre-)configuration parameters may include the number of repetitions per TFRP, the time/frequency resource size, transmission power, periodicity. Within one GF (pre-)configuration, UE may select the appropriate TFRP in order to adjust the respective parameters. For example, if UE detects that user density is high and UE’s own reliability can be achieved, UE may select a configuration with less number of repetitions per TFRP.
2.2.5 How to generate the patterns
There are many ways to generate TFRP pools. Some examples are described in [5].
One easy and systematic way to generate the TFRP pools can be illustrated in the above Figure 4 which illustrates the time domain multiplexing aspect.
We can design the TFRP pool for any time length N and number of repetitions per TFRP R. In the example above, the value of N is N =7 and the value of R = 2. In this case, the total number of non-overlapping patterns is 21. The number of patterns corresponds to how many distinct ways we can distribute two repetitions over the available 7 time units. There are 7C2 such ways:
1. 
2. (1,1,0,0,0,0,0)
3. (1,0,1,0,0,0,0)
4. (1,0,0,1,0,0,0)
5. (1,0,0,0,1,0,0)
6. (1,0,0,0,0,1,0)
7. (1,0,0,0,0,0,1)
8. (0,1,1,0,0,0,0)
9. (0,1,0,1,0,0,0)
10. (0,1,0,0,1,0,0)
11. (0,1,0,0,0,1,0)
12. (0,1,0,0,0,0,1)
13. (0,0,1,1,0,0,0)
14. (0,0,1,0,1,0,0)
15. (0,0,1,0,0,1,0)
16. (0,0,1,0,0,0,1)
17. (0,0,0,1,1,0,0)
18. (0,0,0,1,0,1,0)
19. (0,0,0,1,0,0,1)
20. (0,0,0,0,1,1,0)
21. (0,0,0,0,1,0 ,1)
22. (0,0,0,0,0,1 ,1)

Assuming we have 6 sub-channels, i.e. N-1 sub-channels, available in the frequency domain, then 21 UEs can be assigned non-overlapping TFRPs. UEs transmitting in the same time-domain index are assigned different frequency domain sub-channels.
2.2.6 How to increase the number of available patterns
In order to increase the number of available patterns in order different solutions are possible:
1. TFRP pools such as the one depicted in Fig. 3 above can be concatenated in the time domain as long as we remain within the GF resource periodicity. The GF resource periodicity is (pre)configured and should be less than the latency budget. For example, by concatenating two TFRP pools such as the one depicted in Fig. 3 in time domain, the number of available patterns is increased from 10 to 20. It should be noted that a user is assigned a pattern from either pool 1 or pool 2 in the case of time-domain replication of the TFRP pool. 
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Figure 7. Example of pattern pool replication in time domain
2. Partially overlapping TFRPs can be used to increase the number of available patterns. This can be especially useful for aperiodic traffic. One example of partially overlapped pattern is shown in Fig. 8 below
[image: ]
Figure 8. Example of partially overlapping TFRP pool
Note that for simulation assumptions to compare different schemes, it is suggested not to consider all the adaptation in the baseline simulation assumptions. As the adaptation schemes for different sub-mode may be different, which will increase simulation efforts and make simulation more difficult and harder to calibrate between different schemes. 

Proposal 4: Sub-mode 2-c should be supported in order to meet the latency and reliability requirements of NR V2X advanced use cases. 

2.3 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 in-coverage or 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. Therefore, procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios would need to be defined. For the in-coverage scenario, is makes sense that gNB would configure the scheduling UE which we see as the main use case scenario. For the out-of-coverage scenario, scheduling UEs may be pre-configured.
The discussions on sub-mode 2-d are interesting, and raise some conceptual and design questions that RAN should consider in due course. Rel-16 focus is expected to be on essentially flat UE hierarchies so that the functions which are standardized have generic applicability.

3 System level simulation of different resource allocation schemes
In this section, we provide some preliminary system level simulation results of different mode-2 schemes. In particular, we compare NR Mode 2-c (NR configured grant Type-1 like scheme) with NR Mode-2-a long term sensing or sensing and reservation based UE autonomous selection scheme and NR Mode-2a based on short term sensing.  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 profiles that are agreed 3GPP RAN1 #94b meeting are used for the simulations. 

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. When repetition is used, a TFRP is selected from the TFRP pool. The TFRP pattern design follows the same principle as described in Section 2.2.6 and is adapted to the available time/frequency resources. For the simulations of Mode 2-c provided in this Section, we have used a TFRP window length of 2.5ms with periodicity 10ms, which means a TFRP pattern grid of 10 (t) x2 (f) repeated 4 times for 60kHz SCS cases and 5 (t) x 4 (f) repeated 4 times for 30kHz SCS. The configuration/selection of TFRP does not use any UE location or cell association information. 

For mode 2-a based on long term sensing, the sensing scheme defined for LTE-V2X release 15 is used. For Mode 2-a based on short-term sensing, the short term sensing is based on the same LBT principles as LAA. We compare the PRR and PIR performance of three schemes with 2 repetitions per TB in the scenarios defined by the simulation profile agreed in 94b meeting, which includes Highway and Urban scenarios with both Periodic Model-2 and Aperiodic Model-1 traffic. 

Figures 9-24 and Tables 2-3 show the PRR and PIR performances of Mode 2-c versus Mode 2a based on long term sensing and Mode 2a based on short term sensing in broadcast, groupcast and unicast scenarios. Both highway and urban scenario with Periodic Model 2 and Aperiodic Model 1 are simulated. In addition, a subcarrier spacing of both 60kHz and 30kHz are simulated. The system bandwidth is 20MHz. The combination of traffic, scenarios, subcarrier spacing is listed in the caption of each figure or table. For each scheme, two repetition/transmissions of the same TB are considered. 

From the figures and tables, we can observe that in all scenarios, the PRR performance of mode 2-c is better than both Mode 2-a based on long term sensing and Mode 2-a based on short term sensing.  The PRR performance of Mode 2-c in the case of Highway is close to 100% for all distances.  Mode 2-a based on long term sensing is better than Mode 2-a based on short term sensing in some scenario and worse in some other scenarios. In general, Mode 2-a based on long term sensing tends to outer-perform Mode 2-a based on short term sensing in periodic traffic while Mode 2-a based on short term sensing outperforms Mode 2-a based on long term sensing in aperiodic traffic. This is as expected as the long term sensing and reservation scheme used in LTE-V2X are designed to be most useful in periodic traffic.  The trend of PIR performance is similar to PRR performance, with Mode 2-c having the lowest PIR among all the three schemes. The PIR performance of Mode 2-a based on short term sensing tends to be higher than other two schemes in long distance, which is probably due to the hidden node problem where there may be continuous collision that increases the PIR. 

The reason we see better performance from Mode 2-c is due to the TFRP and TFRP pool design, which can keep the overall collision under control and also minimize the delay. Firstly, as discussed earlier, the TFRP design solves the half duplex issue so the UE will not miss others transmission due to half duplex constraint. Secondly, when the number of UEs is not large, dedicated TFRP can be assigned to the UE such that almost no collision will occur. When the number of UEs is large, partially colliding patterns can be used, therefore the total number of TFRP patterns can be significantly increased, which minimize the collision probability. In addition, even if some collision happens, with repetition the receiver can easily tolerate such collision as the TFRP design is such that the chance of all transmissions of the same TB in collisions are very low.  Furthermore, sensing can be used in Mode 2-c to further reduce collision probability. In these simulation results, we have observed that Mode 2-c has lower collision probability compare to the two Mode 2-a schemes, hence the better PRR performance is observed. 
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Figure 9. PRR and PIR performance of mode 2-c versus mode 2-a in highway periodic model-2 traffic, broadcast channel, 60kHz
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Figure 10. PRR and PIR performance of mode 2-c versus mode 2-a in Highway Aperiodic model-1 traffic, broadcast channel, 60KHz
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Figure 11. PRR and PIR performance of mode 2-c versus mode 2-a in Urban periodic model-2 traffic, broadcast channel, 60KHz 
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Figure 12. PRR and PIR performance of mode 2-c versus mode 2-a in Urban Aperiodic model-1 traffic, broadcast channel, 60kHz
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Figure 13. PRR and PIR performance of mode 2-c versus mode 2-a in highway periodic model-2 traffic, groupcast, 60kHz
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Figure 14. PRR and PIR performance of mode 2-c versus mode 2-a in Highway Aperiodic model-1 traffic, Groupcast, 60kHz 
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Figure 15. PRR and PIR performance of mode 2-c versus mode 2-a in urban periodic model-2 traffic, Groupcast, 60kHz 
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Figure 16. PRR and PIR performance of mode 2-c versus mode 2-a in Urban Aperiodic model-1 traffic, Groupcast, 60kHz
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Figure 17. PRR and PIR performance of mode 2-c versus mode 2-a in highway periodic model-2 traffic, broadcast channel, 30kHz
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Figure 18. PRR and PIR performance of mode 2-c versus mode 2-a in highway Aperiodic model-1 traffic, broadcast channel, 30kHz
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Figure 19. PRR and PIR performance of mode 2-c versus mode 2-a in Urban periodic model-2 traffic, broadcast channel, 30kHz
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Figure 20. PRR and PIR performance of mode 2-c versus mode 2-a in Urban Aperiodic model-1 traffic, broadcast channel, 30kHz
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Figure 21. PRR and PIR performance of mode 2-c versus mode 2-a in highway periodic model-2 traffic, Groupcast, 30kHz 
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Figure 22. PRR and PIR performance of mode 2-c versus mode 2-a in highway aperiodic model-1 traffic, Groupcast, 30kHz 
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Figure 23. PRR and PIR performance of mode 2-c versus mode 2-a in urban periodic model-2 traffic, Groupcast, 30kHz 
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Figure 24. PRR and PIR performance of mode 2-c versus mode 2-a in urban aperiodic model-1 traffic, Groupcast, 30kHz 


Table 2: PRR performance of mode 2a versus mode 2c in Unicast, 60kHz
	PRR
	Highway, P2
	Highway, AP1
	Urban, P2
	Urban, AP1

	Mode 2c
	98.07%
	98.19%
	98.48%
	97.16%

	Mode 2a long term
	95.92%
	94.17%
	94.97%
	91.22%

	Mode 2a short term
	96.24%
	94.92%
	94.48%
	91.53%





Table 3: PRR performance of mode 2a versus mode 2c in Unicast, 30kHz
	PRR
	Highway, P2
	Highway, AP1
	Urban, P2
	Urban, AP1

	Mode 2c
	97.54%
	96.08%
	97.82%
	94.45%

	Mode 2a long term
	90.24%
	89.53%
	88.31%
	86.98%

	Mode 2a short term
	91.05%
	89.97%
	89.25%
	87.28%



4 Conclusions 
In this contribution, we discussed the resource allocation for UE autonomous transmission for NR V2X sidelink transmission.   We have the following observations and proposals: 
Observation 1: 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 2: LTE-V sensing procedures and sensing-based resource selection procedures only work well for periodic traffic.
Observation 3: 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 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. 
Proposal 2: Study mechanisms to enhance UE resource selection in order to prevent hidden node problem in Mode-2-a.
Proposal 3: For mode 2-c UEs (pre-)configured with a TFRP pool, TFRP selection is needed. Sensing for TFRP selection can be performed implicitly e.g. based on DMRS detection.
Proposal 4: Sub-mode 2-c should be supported in order to meet the latency and reliability requirements of NR V2X advanced use cases. 
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