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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, a new SI was approved on V2X [1] including the following objective regarding NR V2X sidelink design:
1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
Therefore, the sidelink resource allocation mechanism needs to be studied to meet the requirement of advanced V2X services. The study of resource allocation mechanisms is further captured in objective 3 of the NR V2X SID as follows: 
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 

In this paper, we discuss the resource allocation techniques for non-gNB scheduled sidelink transmission, referred to as “mode-2” in this contribution [2]. In non-scheduled sidelink transmission mode, scheduling by the gNB through DCI is not needed.. 
2 [bookmark: _Ref129681832]Requirements for UE sidelink transmission 
In [1], it has been identified that NR V2X is 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.  Compared to LTE V2X, these advanced services have significantly higher requirements on the NR V2X design in terms of reliability, latency and data rates. Many of the requirements are similar to URLLC, with a focus on sidelink transmissions. In NR uplink, grant-free transmission (or configured grant transmission) is introduced to achieve the low latency and reliability requirement of URLLC. Similarly in NR sidelink, grant-free transmission mode 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. For the rest of the section, we discuss the motivation for introducing grant-free mode in SL and other enhancements that are needed for NR sidelink to meet all the requirement of the NR V2X advanced services. Note also that in Rel-12, D2D resource allocation was done by having the UE pseudo-randomly selecting transmission patterns. Grant-free transmission can be viewed as an extension and an improvement of the pattern-based resource allocation mechanism of Rel-12 D2D. 
The requirements for the four categories of NR advanced V2X services are defined in TS 22.186 [3]:

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 Discussion on sensing scheme for sidelink
The LTE-V sensing-based resource selection performs well when traffic is periodic – since, in this case, monitoring the wireless channel in the recent past (e.g., the last 1s) allows the UE to become aware of which channels/resources are likely to be used/occupied in the near future. 
[image: ]
[bookmark: _Ref521336005]Figure 1. Sensing-based resource selection according to Rel-14 Mode 4.

Figure 1 shows:
· UE1, UE2, UE3 performing a lane merging maneuver.
· UE4, UE5 in a platoon.
· At the same time, UE6 and UE7 want to start a sensor sharing session (e.g., see-through).
In the following, we explain how sensing works. UE6 MAC requests a PSSCH resource at the time indicated. At exactly this time, UE6 PHY averages S-RSSI values stored in memory (collected during the sensing window). The result is used to immediately report to MAC the set of resources with lowest energy (S-RSSI) within the selection window.
Thanks to this mechanism (explained in detail in Section 14.1.1.6 of TS 36.213), UE6 MAC will select a resource that is not being used by anyone else in the proximity. Thus, very low interference is ensured, leading to very high reliability. If, on the other hand, no sensing is performed, UE6 has no way of knowing which resources are being used in the proximity. 
Notwithstanding the obvious advantages of channel occupancy awareness through sensing as illustrated in Figure 1, the sensing-based resource selection procedure standardized in Rel-14/15 needs studying from the perspective of the high reliability / low latency / high data rate requirements of eV2X services (i.e., platooning, sensor sharing, cooperative maneuvers).
· Latency issue
In the LTE SL mode 4 transmission, after the sensing window, the UE has to select a resource based on sensing results among the selection window for the transmission. Therefore, the latency of the transmission is at most equal to the size of selection window (T2). In LTE Release 15, the minimum selection window is equal to the reservation period, which is at least 10 ms. This makes the existing mode-4 sensing procedure “as is” not applicable for very low latency applications. Reducing T2 (e.g., corresponding to 10 slots), would reduce latency. However, the chances of collisions would increase. 
· Reliability issue
For LTE mode 4 transmission, achieving reliable transmissions mainly relies on the sensing mechanism to avoid collisions. However, sensing only works well for periodic traffic and infrequent resource reselection. Note however that the sensing/reservation mechanism of LTE was designed for safety messages with a reliability of 90%, and that extremely high reliabilities were never considered. In addition, resource selection is based on sensing at the transmitter. However, the receiver may be exposed to interference sources not detectable at the transmitter (so-called ‘hidden nodes’).
· Impact of high mobility on sensing performance
The channel occupancy the UE derives from sensing in the recent past may quickly become out dated, as a result of quick changes in the interference geometry due to high mobility.
Proposal 1: LTE-V sensing procedures and sensing-based resource selection procedures should be further studied in Rel-16 NR V2X.
4 Discussion on grant-free transmission for sidelink 
Grant-free transmission refers to the fact that users can transmit data in an arrive-and-go manner without sending a scheduling request (SR) or receive a scheduling grant (SG) from the BS in advance. Grant-free resources are semi-statically configured, without dynamic control signaling, such as DCI, from the gNB. When a packet needs to be transmitted for a grant-free UE, the packet can be transmitted immediately in the next available grant-free access area without obtaining a SG in a DCI.  
Since no grant-request and scheduling process are required, the grant-free transmission can reduce significantly the signaling overhead and air-interface latency. As a result, the grant-free scheme is applicable in URLLC and eMBB. 
In Rel-15 NR, UL grant-free transmission is supported, motivated primarily by URLLC. In NR specifications, UL grant-free transmission is also called a ‘Type 1 configured grant’. There are currently two types of configured grant transmission in NR: 
· Type 1 configured grant: resource configuration is purely based on RRC signaling.
· Type 2 configured grant: resource configuration is based on both RRC signaling and L1 signaling, where L1 signaling is used for (re-)activation/deactivation of the RRC configuration.
Type 2 configured grant is similar to LTE SPS transmission. For both types of configured grant transmission, repetition is supported to improve reliability for URLLC. Some discussion on the properties and advantages of grant-free transmission over SPS can be found in [4].
4.1 Motivation for grant-free transmission for NR sidelink
In NR release 15, transmission without dynamic scheduling is supported for uplink transmission, which is mainly motivated by URLLC.  The target application for LTE V2X is mainly broadcasting safety messages, which are mostly periodic by nature and, as discussed above, motived the introduction of the sensing procedures. The current LTE mode 4 transmission scheme, which supports semi-persistent transmission with sensing, is well suited for the broadcasting of safety messages, which mostly consist of periodic traffic that is not as constrained in terms of latency and reliability as the advanced V2X services. Given the differences between safety traffic and advanced services in terms of traffic characteristics, the non-scheduled sidelink transmission for NR has have characteristics significantly different than in LTE. 
LTE also supports SL SPS transmission, which is similar to NR Type 2 configured grant transmission. The grant-free transmission, or the Type 1 configured grant transmission can offer high reliability and low latency to meet the stringent requirements for the advanced V2X applications. In the following, we discuss the resource allocation mechanism, the signalling, and the advantages of the grant-free based sidelink transmission.
1) Latency: The advanced driving and extended sensors uses cases have an end-to-end (E2E) latency requirement as lows as 3 ms. In LTE Release 15, as mentioned above  the minimum selection window is equal to the reservation period, which is at least 10 ms. As proven for URLLC, grant-free transmission can meet both low latency and high reliability requirements, thus it is natural to support it for sidelink transmission. 
2) Reliability: The NR advanced V2X applications requires up to 99.999% reliability for use cases listed in Table 1. To achieve such high reliability, repetition should be applied. With the time saved without the grant process and resource selection window, UE may have more opportunities for repetitions within the latency constraint. In the case of RRC-configured grant-free resources, the configuration can be adapted to traffic and avoid collisions. In order to further enhance reliability, resource allocation schemes different than the ones of LTE need to be studied.
3) Traffic type: As mentioned before, the sensing based resource selection in current LTE mode 4 scheme works well for periodic traffic. However, for advanced NR V2X applications, new traffic types are introduced with aperiodic and bursty characteristics. In a mixed periodic and aperiodic traffic scenario, sensing may not help that much since no information on future resource availability can be obtained from the sensing of aperiodic resource occupation. Thus, a resource allocation scheme that does not rely on periodic traffic is needed for NR.  Grant free transmission was shown to work well for both periodic and aperiodic traffic [4]. 
4.2 Grant-free resource allocation for NR sidelink
For NR SL mode 2 transmission, grant-free resource allocation can be similar to NR uplink configured grant Type 1 transmission. The resource and transmission parameters for the UE can be configured in RRC signalling for in-coverage UEs or pre-configured for out-of-coverage UEs. However, unlike NR uplink configured grant transmission, the sidelink grant-free transmission should include the resource configuration for SA transmission. 
Proposal 2: For in-coverage UEs, NR V2X should support a RRC configured SL grant-free transmission mode similar to NR UL configured grant Type 1 transmission for latency reduction and reliability enhancement. For out-of-coverage UEs, a pre-configured SL grant-free transmission mode can be considered.

4.3 Signalling for grant-free based resource allocation 
As discussed earlier, in order to support the reliability requirement of 99.999%, repetition 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 may require more retransmissions, and may 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 configuring UE specific transmission patterns. The transmission pattern can indicate the location of each repetition of a TB. 
Proposal 3: NR should support RRC configuration of UE-specific SL transmission pattern for NR sidelink transmission for in-coverage UEs.

4.4 Configured transmission pattern pool 
A UE may be configured with a transmission pattern pool, autonomously select a transmission pattern 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 transmission patterns. This solution could be applied for both in-coverage and out-of-coverage. For in-coverage transmission, this solution might incur a degradation in performance compared with other techniques, such as having the gNB configuring the UE with a specific pattern via RRC signalling. Thus, more study is needed to see if the configuration of SL transmission pattern pools should be used for in-coverage.
Proposal 4: NR should support pre-configuration of SL transmission pattern pools for out-of-coverage UEs.

5 Conclusions 
In this contribution, we discussed the resource allocation for UE autonomous transmission for NR V2X sidelink transmission. 
Proposal 1: LTE-V sensing procedures and sensing-based resource selection procedures should be further studied in Rel-16 NR V2X.
Proposal 2: For in-coverage UEs, NR V2X should support a RRC configured SL grant-free transmission mode similar to NR UL configured grant Type 1 transmission for latency reduction and reliability enhancement. For out-of-coverage UEs, a pre-configured SL grant-free transmission mode can be considered.
Proposal 3: NR should support RRC configuration of UE-specific SL transmission pattern for NR sidelink transmission for in-coverage UEs.
Proposal 4: NR should support pre-configuration of SL transmission pattern pools for out-of-coverage UEs.
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