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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In R1-1812209, we discussed SL mode 2 operation including mode 2c. This document adds further detail to address the questions raised regarding mode 2c in offline discussion during RAN1#95.
Sections 2.0 – 2.7 are taken from R1-1812209 for context, and sections 2.8 – 2.12 contain new material to address the RAN1#95 discussions. The SLS results shown in R1-1812209 are also included here in Section 3, with additional detail regarding which TFRPs were used in generating the results.
2 Sub-mode 2-c sidelink resource allocation
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. 
2.1 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 1. 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.  

 

2.1.1 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 1: 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 2. 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.
2.1.2 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 2: NR mode 2 supports pre-configuration of TFRP pools and/or UE-specific TFRPs for out-of-coverage UEs. 
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. 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 3: 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.

2.3 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.
2.4 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.

It is important to understand that the only part of this requiring specification is the definition of TFRPs. How a gNB configuration of mode 2c, or a pre-configuration process, chooses which TFRPs to give to a UE is up to implementation. This leaves how traffic periodicities, message sizes, MCS/TBS, etc. are used in assigning TFRP pools up to the vendor or operator/service provider.

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 5: Multiple resource (pre-)configurations are supported for UEs operating under mode 2-c.
2.5 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. 
2.6 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.
2.7 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.
2.8 How to adapt to different packet size
1. A UE can be (pre-)configured with multiple GF (pre-)configurations (a GF (pre-)configuration includes TFRP pool, GF resource periodicity). 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.  
2. 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. 
3. Within a GF (pre-)configuration, the TFRP pattern pool design may take the packet size into account. For example, the TFRP pool design below 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 3 TFRP pool with variable frequency size per TFRP
4. 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. 
5. Some other solutions for designing TFRP pools to deal with variable packet sizes are proposed in section 3 of R1-1812409 [Fujitsu].

2.9 What to do if there is a new packet that arrives before another packet finished transmission
1. If a UE is allowed to only transmit one packet at a time, UE can wait till transmission of previous packet finished and transmit the new packet in its configured resource in another period. 
2. If a UE is allowed to use more than one TFRP at a time, UE can select more than one TFRP and use 1 TFRP to transmit old packet and select another TFRP to transmit the new packet.

2.10 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.
2.11 How to generate the patterns
There are many ways to generate TFRP pools. Some are described in R1-1812409 [Fujitsu].
One easy and systematic way to generate the TFRP pools can be illustrated in the above Figure 2 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. (1,1,0,0,0,0,0)
2. (1,0,1,0,0,0,0)
3. (1,0,0,1,0,0,0)
4. (1,0,0,0,1,0,0)
5. (1,0,0,0,0,1,0)
6. (1,0,0,0,0,0,1)
7. (0,1,1,0,0,0,0)
8. (0,1,0,1,0,0,0)
9. (0,1,0,0,1,0,0)
10. (0,1,0,0,0,1,0)
11. (0,1,0,0,0,0,1)
12. (0,0,1,1,0,0,0)
13. (0,0,1,0,1,0,0)
14. (0,0,1,0,0,1,0)
15. (0,0,1,0,0,0,1)
16. (0,0,0,1,1,0,0)
17. (0,0,0,1,0,1,0)
18. (0,0,0,1,0,0,1)
19. (0,0,0,0,1,1,0)
20. (0,0,0,0,1,0 ,1)
21. (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.
2.12 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 Figure 1 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 Figure 1 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 4 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 below
[image: ]
Figure 5 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. 

3 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. When repetition is used, a TFRP is selected from the TFRP pool. The TFRP pattern design follows the same principle as described in Section 2.11 and is adapted to the available time/frequency resources.  
For aperiodic mode 1 traffic, a 10X3 time-frequency grid with TFRP pool design described in Figure 5 is used, the TFRP pool are repeated 4 times in the time domain to create a pool with total of 45x4=180 TFRP patterns. For periodic mode 2 traffic, a 7x6 time-frequency grid with TFRP pool with no partial overlap as depicted in Figure 2 is used and the grid is repeated 3 times in time domain to create a TFRP pool with a total of 21x3=63 TFRP patterns.
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




[image: ]
Figure 8: PIR performance of mode 2-c versus mode 2-a in aperiodic model-1 traffic

4 Conclusions 
In this contribution, we provided our views on  mode 2-c resource allocation for UE autonomous transmission for NR V2X sidelink transmission.    
Proposal 1: 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 2: NR mode 2 supports pre-configuration of TFRP pools and/or UE-specific TFRPs for out-of-coverage UEs. 
Proposal 3: 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 4: Multiple resource (pre-)configurations are supported for UEs operating under mode 2-c.
5 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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