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1.	Introduction
In [1][2], SA1 has identified four categories of use cases for advanced V2X use cases, including vehicles platooning, extended sensors, advanced driving, and remove driving. These use cases involve different combinations of performance metrics in terms of latency, reliability, data rate, number of supported UEs, etc. In [3], it also has been agreed that the scope of study on NR V2X should include Uu enhancements for advanced V2X use cases, to evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases, and to identify enhancements, if any, that are needed to meet advanced V2X use cases. As many advanced V2X use cases jointly require low latency, high reliability, and high data rate, whether the Rel-15 NR Uu designs based on the sporadic nature of URLLC can sufficiently support these use cases should be studied. In this contribution, we therefore summarize the requirements of a part of advanced V2X use cases, and investigate whether UL grant-free transmissions of NR Uu is able to support these use cases.
2.	Requirements of Advanced V2X Use Cases
In [1], the requirements and scenarios of 28 advanced V2X use cases have been described, which include 1) transmissions between the UE supporting V2X application and the RSU, and 2) transmissions between two or multiple UEs supporting V2X applications. Transmissions between two or multiple UEs supporting V2X applications can take place over PC5 interface, while transmissions between the UE supporting V2X application and the RSU can take place over PC5 or Uu interface. When Uu is used to sustain transmissions between the UE and the RSU, the advanced V2X use cases described in Section 5.3 automotive: sensor and state map sharing, 5.4 eV2X support for remote driving, 5.10 information sharing for partially/conditionally automated driving, 5.12 information sharing for partial/conditional automated platooning, and 5.22 intersection safety information provisioning for urban driving of [1] may be applied. In Table 1, the requirements of these use cases are summarized. 
· For 5.3 and 5.4, low latency, high reliability and high data rate are jointly required.
· For 5.10 and 5.12, although the latency requirements of 100 ms and 20 ms seem relatively relaxed, these requirements are designated for the end-to-end delay in the application layer. As higher layers may induce larger latency then lower layers, the latency budget left for the physical layer may be very limited. Therefore, 5.10 and 5.12 may require low latency and high data rate. However, the requirement for reliability is not specified in [1]. Nevertheless, 5.3 and 5.12 may still need high reliability as described in [1].
· For 5.22, both latency and reliability are not specified in [1] (although 5.22 may still need low latency and high reliability as described in [1]), a moderate data rate is required. 
Therefore, if Uu interface is adopted for transmissions between a UE and a RSU to sustain above use cases, then low latency, high reliability, high data rates, or all of them should be supported.  
Observation 1. Advanced V2X use cases 5.3, 5.4, 5.10, 5.12, and 5.22 may require low latency, high reliability, high data rate, or all of them. Therefore, if Uu interface is adopted for transmissions between a UE and a RSU, then low latency, high reliability and high data rate should be jointly supported over Uu.

Table 1: Requirements of Advance V2X use cases in [1] and calculation of needed data rate in Uu
	Section # in [1]
	Description
	Requirements
	Assumptions
	Required data rate per UE
	Supported information data rate

	5.3 Automotive: sensor and state map sharing
	Between the UE supporting V2X application and the RSU
	Latency: 10 ms
Payload: N/A
Reliability: 90 %
Peak data rate: 25 Mbps per UE
Tx freq.: occasional
	Latency in PHY: 10 ms
Payload per arrival: 500 kb*4=2000 kb (for 4 repetitions)
Tx freq.: 50 msg/sec
	Tx within 1 ms (n=5): 2000 kb/1 ms
Tx within 4 ms (n=2): 2000 kb/4 ms
Tx within 10 ms (n=1): 2000 kb/10 ms
	Tx within 1 ms (n=5): 5.6 kb/1 ms
Tx within 4 ms (n=2): 22.4 kb/4 ms
Tx within 10 ms (n=1): 56 kb/10 ms

	5.4 eV2X support for remote driving
	Between the UE supporting V2X application and the RSU
	Latency: 5 ms
Reliability: 99.999%
Experienced data rate: 20 Mbps (UL)
	Latency in PHY: 5 ms
Payload per arrival:  400 kb*4=1600 kb (for 4 repetitions)
Tx freq.: 50 msg/sec
	Tx within 1 ms (n=4): 1600 kb/1 ms
Tx within 5 ms (n=1): 1600 kb/5 ms
	Tx within 1 ms (n=4): 5.6 kb/1 ms
Tx within 5 ms (n=1): 28 kb/5 ms

	5.10 Information sharing for partially/conditionally automated driving
	Between the UE supporting V2X application and the RSU
	Latency: 100 ms (application layer)
Reliability: N/A
Payload: 6000 bytes
Experienced data rate: 0.5 Mbps
TX freq.: 10 msg/sec
	Latency in PHY: 10 ms
Payload per arrival: 6000*4*8=19.2kb (for 4 repetitions)
	Tx within 1 ms (n=5): 19.2 kb/1 ms
Tx within 4 ms (n=2): 19.2 kb/4 ms
Tx within 10 ms (n=1): 19.2 kb/10 ms
	Tx within 1 ms (n=5): 5.6 kb/1 ms
Tx within 4 ms (n=2): 22.4 kb/4 ms
Tx within 10 ms (n=1): 56 kb/10 ms

	5.12 Information sharing for partial/conditional automated platooning
	Between the UE supporting V2X application and the RSU
	Latency: 20 ms (application layer)
Reliability: N/A
Payload: 6000 bytes
Data rate: 2.5 Mbps
Tx freq.: 50 msg/sec
	Latency in PHY: 2 ms
Payload per arrival: 6000*4*8=19.2kb (for 4 repetitions)
	Tx within 0.5 ms (7 symb.): 19.2 kb/0.5 ms
Tx within 2 ms (n=1): 19.2 kb/2 ms
	Tx within 0.5 ms (7 symb.): 2.8 kb/0.5 ms
Tx within 2 ms (n=1): 11.2 kb/2 ms

	5.22 Intersection safety information provisioning for urban driving
	Between the UE supporting V2X application and the RSU
	Latency: N/A 
Reliability: N/A
Payload: 450 bytes
Average data rate: 0.5 Mbps (DL) and 50 Mbps (UL)
TX frequency: 100 msg/sec
No. of UEs: 200
	Latency in PHY: 10 ms
Payload per burst: 450*4*8=1.44 kb (for 4 repetitions)
	Tx within 1 ms (n=5): 1.44 kb/1 ms
Tx within 4 ms (n=2): 1.44 kb/4 ms
Tx within 10 ms (n=1): 1.44 kb/10 ms
	Tx within 1 ms (n=5): 5.6 kb/1 ms
Tx within 4 ms (n=2): 22.4 kb/4 ms
Tx within 10 ms (n=1): 56 kb/10 ms


3.	Evaluations of Capability of UL Grant-Free Transmissions in Uu
In Rel. 15, Type 1 and Type 2 semi-static resource configurations have been designated for UL transmissions without grant in Uu interface. For both Type 1 and Type 2, resources can be configured for UL transmissions without grant with different periodicities. Taking the 15 kHz subcarrier spacing as an example, the periods can be 2, 7, or n*14 symbols, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640} [4]. A larger period implies that a less amount of resources are configured for UL transmissions without the grant, and therefore more remaining resources can be allocated to other services (e.g., eMBB) or be configured to other UL transmissions without the grant. In contrast, a short period may lead to a better latency performance, but resources could be wasted (unused) to result in a low resource utilization. To evaluate whether UL transmissions without grant in Uu is able to support advanced V2X use cases, a coarse calculation of the amount of required data rates in Uu under different periodicities is conducted, and in this calculation, the following assumptions are adopted.
· The 15 kHz subcarrier spacing and 20 MHz bandwidth are considered.
· To achieve high reliability, a conservative transmission scheme is considered, i.e., QPSK, channel coding with code rate 1/3, and transmission repetition K=4. Please note, whether this transmission scheme is able to satisfactorily meet the reliability requirement is not carefully verified. If this transmission scheme cannot meet the reliability requirement, then a more conservative (and thus more resources) should be needed. For this transmission scheme, an information data rate of 7*12*2*1/3*100 kb/ms=5.6 kb/ms can be provided at each subframe.
· For 5.3, the payload size of each message arrival is not specified in [1], and the transmission frequency (number of arriving messages per second) is not specified either. According to the required peak data rate (25 Mbps per UE), the transmission frequency is assumed to be 50 msg/sec, and therefore the payload size of each message arrival is 500 kb. If 4 repetitions are applied, the payload size to be transmitted should be 2000 kb. (Please note that, if a lower transmission frequency is assumed, then the payload size of each message arrival increases accordingly). Each message arrival should be transmitted within 10 ms to meet the latency requirement. 
· For 5.3, the resource configurations as illustrated in Fig. 1 are considered. In Fig. 1(a), n=5 is adopted and the length of each resource occasion is 1 ms. In Fig. 1(a), if message arrives at location (1), it can only be transmitted at resource location (I). If message arrives at locations (2)(3)(4)(5), it can be transmitted at resource locations (I) and/or (II). If message arrives at location (6), it can only be served at resource locations (II). As a worst case evaluation, Uu should support a message arrival of size 2000 kb to be transmitted within 1 ms to meet the latency requirement. In Fig. 1(b), n=2 and the length of each resource occasion is 1 ms. In Fig. 1(b), if message arrives at location (1), it can be transmitted in resource locations (I)(II)(III)(IV). If message arrives at location (2), then it can be transmitted in resource locations (I)(II)(III)(IV)(V). As a worst-case evaluation, Uu should support a message arrival of size 2000 kb to be transmitted within 4 ms to meet the latency requirement. In Fig. 1(c), n=1 and the length of each resource occasion is 1 ms. In Fig. 1(c), Uu should support a message arrival of size 2000 kb to be transmitted within 10 ms.
· For 5.4, the payload size of each message arrival is not specified in [1], and the transmission frequency (the number of arriving messages per second) is not specified either. According to the required peak data rate (20 Mbps per UE), the transmission frequency is assumed to be 50 msg/sec, and therefore the payload size of each message arrival is 400 kb. If 4 repetitions are applied, the payload size to be transmitted should be 1600 kb.
· For 5.4, the resource configurations as illustrated in Fig. 2 are considered. In Fig. 2(a), n=4 is adopted and the length of each resource occasion is 1 ms. In Fig. 2(a), message arrives at locations (1)(2)(3) can only be transmitted at resource location (I), while message arrives at locations (4)(5) can only be served at resource location (II). Therefore, Uu should support a message arrival of size 1600 kb to be transmitted within 1 ms to meet the latency requirement. In Fig. 2(b), n=1 and the length of each resource occasion is 1 ms. In Fig. 1(b), Uu should support a message arrival of size 1600 kb to be transmitted within 5 ms.
· For 5.10, the application layer end-to-end latency is 100 ms as specified in [1]. In the physical layer, 10 ms latency budget is considered. Since the payload size of each message arrival is 6 kbyte, if four repetitions are applied, then the payload size of each message arrival is 6k*8*4=19.2 kb.
· For 5.10, the resource configurations as illustrated in Fig. 1 are considered. For the configuration in Fig. 1(a), Uu should support a message arrival of size 19.2 kb to be transmitted within 1 ms to meet the latency requirement. For the configuration in Fig. 1(b), Uu should support a message arrival of size 19.2 kb to be transmitted within 4 ms to meet the latency requirement. For the configuration in Fig. 1(c), Uu should support a message arrival of size 19.2 kb to be transmitted within 10 ms.
· For 5.12, the application layer end-to-end latency is 20 ms as specified in [1]. In the physical layer, 2 ms latency budget is considered. Since the payload size of each message arrival is 6 kbyte, if four repetitions are applied, then the payload size of each message arrival is 6k*8*4=19.2 kb.
· For 5.12, the resource configurations as illustrated in Fig. 3 are considered. In Fig. 3(a), the periodicity of 7 symbols is adopted and the length of each resource occasion is 7 symbols (0.5 ms). In Fig. 3(a), Uu should support a message arrival of size 19.2 kb to be transmitted within 0.5 ms to meet the latency requirement. In Fig. 3(b), message arriving at location (1) can only be transmitted at the resource location (I), while message arriving at location (2) can be transmitted at the resource locations (I) and (II). Therefore, Uu should support a message arrival of size 19.2 kb to be transmitted within 0.5 ms. In Fig. 3(b), n=1 and the length of each resource occasion is 0.5 ms. Therefore, Uu should support a message arrival of size 19.2 kb to be transmitted within 2 ms.   
· For 5.22, the latency and reliability requirements are not specified in [1]. In this case, in the physical layer, 10 ms latency budget is considered, and 4 repetitions are also applied to enhance the reliability. Since the payload size of each message arrival is 450 kbyte, the payload size of each message arrival with 4 repetitions is 450k*8*4=1.44 kb.
· For 5.22, the resource configurations as illustrated in Fig. 1 are considered. For the configuration in Fig. 1(a), Uu should support a message arrival of size 1.44 kb to be transmitted within 1 ms to meet the latency requirement. For the configuration in Fig. 1(b), Uu should support a message arrival of size 1.44 kb to be transmitted within 4 ms to meet the latency requirement. For the configuration in Fig. 1(c), Uu should support a message arrival of size 1.44 kb to be transmitted within 10 ms. 
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Fig. 1. Resource configurations for the 10 ms transmission deadline.
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Fig. 2. Resource configurations for the 5 ms transmission deadline.
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[bookmark: _GoBack]Fig. 3. Resource configurations for the 2 ms transmission deadline.

Observation 1: For 5.3 and 5.4, 20 MHz bandwidth may not be sufficient to meet the rate requirements with satisfactory latency and reliability constraints. Nevertheless, decreasing the value of n may improve the performance.
Observation 2: For 5.10, n=5 may not be sufficient to support a UE, while n=2 and n=1 are able to satisfactorily support a UE. 
Observation 3: For 5.12, 20 MHz bandwidth may not be sufficient to meet the rate requirements with satisfactory latency and reliability constraints. Nevertheless, decreasing the value of n may improve the performance.
Observation 4: For 5.22, all of n=5, n=2 and n=1 are able to support a UE. For n=5, n=2, and n=1, the numbers of supported UE are 3, 15 and 38, respectively. As the number of UEs to be supported in the use case should be 200, a scheme to support more UEs are further needed.
From the above calculation, we can observe that to jointly meet the latency and reliability requirements, a message arrival with a large payload size (with transmission repetitions) should be transmitted by the transmission deadline. If only a small amount of resources are configured by the deadline, then an extremely high data rate should be supported on the configured resources. On the other hand, if an abundant amount of resources (e.g., n=1) are configured by the deadline, the the supported data rate by the deadline can be relaxed. Nevertheless, if an abundant amount of resources are configured by the deadline, then resources could be wasted to lead to a low resource utilization if there is no message arrival. 
Different from other URLLC use cases, V2X use cases jointly demand high reliability, low latency and high data rate. To joint satisfy these three requirements, a low n should be adopted to both meet latency and reliability requirements while relaxing the data rate at the same time. To further enhance the resource utilization, multiple UEs can be configured to share the same pool of resources. From the message arrival models of 5.3, 5.4, 5.10, 5.12 and 5.22, the message transmission frequencies range from 10 msg/sec to 100 msg/sec. Taking 5.10 as an example, the probability of more than two UEs having message arrivals at the same 10ms (and thus there are more than two messages needing to be transmitted by a 10ms deadline) is less than 0.01. Therefore, a resource configuration design allowing multiple UEs sharing the same configured resources should be studied, and the corresponding congestion control mechanism to avoid resource collision among UEs should also be studied as well.
Proposal 1: A resource configuration design allowing multiple UEs sharing the same configured resources should be FFS.
Proposal 2: The corresponding congestion control mechanism to avoid resource collision among UEs should also be FFS.
  
4.	Conclusion
In this contribution, the coarse calculation of the required data rate to satisfy the latency and reliability requirements of V2X use cases 5.3, 5.4, 5.10, 5.12 and 5.22 is provided, and the following observations and proposals are risen.  
Observation 1: For 5.3 and 5.4, 20 MHz bandwidth may not be sufficient to meet the rate requirements with satisfactory latency and reliability constraints. Nevertheless, decreasing the value of n may improve the performance.
Observation 2: For 5.10, n=5 may not be sufficient to support a UE, while n=2 and n=1 are able to satisfactorily support a UE. 
Observation 3: For 5.12, 20 MHz bandwidth may not be sufficient to meet the rate requirements with satisfactory latency and reliability constraints. Nevertheless, decreasing the value of n may improve the performance.
Observation 4: For 5.22, all of n=5, n=2 and n=1 are able to support a UE. For n=5, n=2, and n=1, the numbers of supported UE are 3, 15 and 38, respectively. As the number of UEs to be supported in the use case should be 200, a scheme to support more UEs are further needed.
Proposal 1: A resource configuration design allowing multiple UEs sharing the same configured resources should be FFS.
Proposal 2: The corresponding congestion control mechanism to avoid resource collision among UEs should also be FFS.
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