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1 Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of NR Uu enhancements is one of the study item objectives:
	2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases

· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.


In this contribution, we provide initial analyses on the potential enhancements for NR Uu to support advanced V2X use cases from latency, reliability and capacity perspectives respectively. 
2 Discussion
According to [2] and the discussion in RAN #81, the  remote driving was the key focus and also the most challenging use case that need to be supported for NR V2X over Uu, with the main reason that it has the QoS requirements as harsh as those of URLLC services, as specified in [2]:
	5.5
Requirements to support Remote Driving
[R.5.5-001]
The 3GPP system shall support message exchange between a UE supporting V2X application and V2X application server for an absolute speed of up to 250 km/h.
Table 5.5-1 Performance requirements for remote driving

Communication scenario description

Req #
Max end-to-end latency (ms)

Reliability (%)

Data rate (Mbps)

Information exchange between a UE supporting V2X application and a V2X Application Server

[R.5.5-002]

5
99.999

UL: 25

DL: 1




Observation 1: 5 ms end-to-end maximum latency (including both the latency in radio interface and that in CN) and 99.999% reliability are required for the remote driving use case for NR V2X over Uu.  

In the rest of the discussion, therefore, we analyzes what Uu enhancements may need to be studied from RAN2 perspective, based on the main focus on the remote driving case. 

2.1 NR V2X - Uu Latency enhancements
Below we first analyze briefly the latency that can be afforded by the existing Rel-15 Uu in NR, and then propose the potential enhancements that can be considered from higher layer perspective. 
Low latency has been supported since NR Rel-15 in URLLC. The radio interface latency of Rel-15 NR Uu were analyzed in TR 37.910 [3] for different cases. Taking NR FDD as an example, it is shown in [3] that a DL latency of [0.5 ms, 2.5 ms] and a UL latency of [0.5 ms, 2.5 ms] can been reached by Rel-15 NR.

	Table 5.7.1.1.1-2 DL user plane latency for NR FDD (ms)
DL user plane latency – NR FDD

UE capability 1

UE capability 2

SCS

SCS

15 kHz

30 kHz

60 kHz

120 kHz

15 kHz

30 kHz

60 kHz

Resource mapping Type A

M=4 (4OS non-slot)

p=0

1.37
0.76
0.54
0.34

1.00
0.55
0.36
p=0.1

1.58
0.87
0.64
0.40

1.12
0.65
0.41
M=7 (7OS non-slot)

p=0

1.49
0.82
0.57
0.36

1.12
0.61
0.39
p=0.1

1.70
0.93
0.67
0.42

1.25
0.71
0.44
M=14 (14OS slot)

p=0

2.13
1.14
0.72
0.44

1.80
0.94
0.56
p=0.1

2.43
1.29
0.82
0.51

2.00

1.04
0.63
Table 5.7.1.1.2-2 UL user plane latency for NR FDD with grant free transmission (ms)
UL user plane latency (Grant free) – NR FDD

UE capability 1

UE capability 2

SCS

SCS

15 kHz

30 kHz

60 kHz

120 kHz

15 kHz

30 kHz

60 kHz

Resource mapping Type A

M=4 (4OS non-slot)

p=0

1.57
0.86
0.59
0.37

1.20
0.65
0.41
p=0.1

1.78
1.01
0.69
0.43

1.39
0.75
0.47
M=7 (7OS non-slot)

p=0

1.68
0.91
0.61

0.38

1.30
0.70

0.43

p=0.1

1.89
1.06
0.71

0.44

1.50
0.80
0.49

M=14 (14OS slot)

p=0

2.15
1.15
0.73
0.44

1.80
0.94
0.56
p=0.1

2.45
1.30
0.84
0.51

2.00

1.06
0.63



Observation 2: A DL latency of [0.5 ms, 2.5 ms] and a UL latency of [0.5 ms, 2.5 ms] can be supported by Rel-15 NR Uu from RAN1 perspective.
For the end-to-end latency, besides the Uu latency, CN latency shall also be considered. According to RAN1’s assumption, CN latency may be assumed as 3 ms~10 ms for R16 URLLC scenarios [5]. 
	R1-1809951
Offline discussion summary of 7.2.6.1 Layer 1 enhancements
Huawei, HiSilicon

Decision: The document is noted.

Agreements:

· Select one or more representative use case(s) for the prioritized use cases in the SID and/or the Rel-15 enabled use case for evaluation, which use case(s) to evaluate is up to companies.
· Further discussion how/whether to capture them in the TR

· Further discussion other detailed simulation assumptions

The following table of representative use cases for selection for evaluation is an example as the starting point for further discussion:
Use case
(Clause #)

Reliability (%)

Latency (ms)

# of UEs
(per cell)

Data packet size and traffic model

Description 

Transport Industry

(22.186: 5.5)

[99.999]
[5] (end to end latency)

[30]

DL: [TBD] byte; ftp model 3 with arrival interval [TBD] s

UL: [TBD] byte; Periodic with arrival interval [TBD] s 

Remote driving 

Power distribution

(22.804:5.6.4 &5.6.6)

99.9999
5(end to end latency)

8

[80] byte 

ftp model 3 with arrival interval 100ms

Power distribution grid fault and outage management 

[99.999] 

15(end to end latency)

8

250 byte 

Periodic and deterministic with arrival interval 0.833 ms

Differential protection
Factory automation

(22.804: 5.3.2)

99.9999
[2](end to end latency)

 [4, 40]

20 byte, 50 byte
Periodic and deterministic traffic model

Motion control
Rel-15 enabled use case (e.g. AR/VR)

99.999 

[1ms] (air interface delay)

1, 5, 10, 20

[32, 256] bytes 

FTP model 2/3 or periodic with different arrival rates

Companies report the combination of the requirement 

· All the entries in the above table are subject to further discussion which can be revisited in the next meeting

· Note: The details on above the requirements can refer to R1-1809337.
· Note: 3ms ~ 10ms CN delay for differential protection (i.e. power distribution case 2) could be considered.


Observation 3: A CN latency of 3 ms ~10 ms can be assumed as per RAN1 URLLC discussion, and this can be used as a baseline for NR Uu V2X latency analysis.
Then with latency of both radio interface part and CN part, the end-to-end latency for UL and DL may be estimated as follows, where the ITS AS latency is the latency of the application server of ITS [4]. 
· UL end-to-end latency = UL latency + CN latency + ITS AS latency;
· DL end-to-end latency = DL latency + CN latency + ITS AS latency;
We can see that there is the possibility that sometimes the UL/DL end-to-end cannot meet the 5 ms latency requirement of the remote driving case (e.g. as long as UL/DL latency >= 2ms), no matter how small the ITS AS latency is assumed. 
Observation 4: The end-to-end latency may not be satisfied sometimes (e.g. when UL/DL latency >= 2ms) based on the existing Rel-15 NR Uu latency evaluation.
Therefore, some enhancements on latency reduction may be needed to support remote driving in NR Uu. However, according to RAN 81’s conclusion [6], it is also noted that NR V2X remote driving has been agreed to be covered by URLLC at least from RAN1 point of view. Also, it is also noted that the common URLLC common enhancements, including reliability enhancement, latency reduction, etc., are also covered by NR RAN2 I-IoT [8], and there is a note in [1] that " NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap". To this end, in NR V2X SI, we may need to only study the V2X-specific issues/enhancements, which do not apply for other URLLC services, for the support the remote driving
Observation 5: Common URLLC enhancements should be discussed by RAN2 in Rel-16 I-IoT, instead of in NR V2X SI. Only V2X-specific issues/enhancements should be studied for the support of remote driving over Uu in NR V2X (regarding e.g. latency reduction, reliability improvement, etc.). 
Based on Observation 5, it is noted that that the advanced V2X services may be equipped with its unique traffic model which may not be also applied to other URLLC services and may lead to some impacts on the Uu latency.
In LTE V2X, to reduce uplink signaling overhead and latency, multiple uplink SPS was introduced on LTE Uu, to solve the LTE V2X specific requirements (e.g. simultaneous services with different periods, or one service decomposed into multiple traffics with different traffic models). For NR V2X, periodical traffic models are also supported like in LTE. In order to reduce the uplink latency, multiple SPS/GF mechanism can also be imported for NR V2X. Beside, unlike LTE only supporting periodical traffic models, NR V2X also support aperiodical traffic models and burst traffic as indicated in TR 37.885 [7].
Towards such V2X specific traffic model, we think whether to enhance the traffic model reporting and SPS/grant free mechanism in Uu may be studied in RAN2.
Proposal 1: RAN2 may study the latency reduction mechanisms over Uu by taking into account the V2X specific traffic model (e.g. support of multiple SPS/grant, traffic model reporting for aperiodical or burst V2X traffic, etc.). 
2.2 NR V2X - Uu Reliability enhancements

Another key point to support remote driving is how to achieve the reliability as high as 99.999%, according to the requirements specified [2]. 
As seen in Rel-15 NR, the main method in RAN2 to pursue such "5-nine" reliability is PDCP duplication. Though PDCP duplication enhancement is also an objective in I-IoT SI and overlapping work should be avoided as in Observation 4, V2X services, different from other URLLC services, can be supported via both Uu and Sidelink in NR, which can be a unique characteristic other URLLC services may not be equipped with as well. 
By utilizing this V2X specific characteristic, a joint Uu and Sidelink PDCP duplication may be further considered on top of that have already been specified over Uu in Rel-15 NR. Due to the frequency and spatial diversity of Uu and Sidelink, the combination of both link and/or quick link switch can further increase the link quality effectively and hence the reliability of V2X services can be improved when one link is bad for some times and the other is still robust (e.g. cell edge for Uu or high congestion in SL). Comparing with Uu-based V2X communication in LTE, another advantage is that SL can avoid duplication occupying too many Uu resources, thus preventing it from affecting other services' transmission over Uu. For V2X services with ultra-high reliable demand, one can consider the duplication of Uu and sidelink data traffic in AS. 

[image: image1]
Proposal 2: RAN2 to study whether to support joint Uu and SL packet duplication for NR V2X.
2.3 NR V2X - Uu Capacity enhancements

In our RAN1’s contribution [9], it was shown via system-level simulation that at most 5 vehicles applying remote driving could be supported within a Rel-15 NR cell, but notable performance gap can be seen when 10 vehicles per cell assumed. Such a capability is definitely unacceptable, considering that high-density vehicles on the road can be inherently a very typical case that has to be supported for V2X communication. The observation in [9] is as follows:
	Observation 2: For 40 MHz bandwidth and 5 vehicles per cell, about 53% and 90% vehicles could achieve the required 2 ms latency and 99.999% reliability at gNB in Urban Macro and Highway deployments, far away from supporting 100% vehicle coverage and 30 vehicles per cell.

Observation 4: For 10 UEs per cell with 40 MHz bandwidth, about 84% UEs could satisfying the 6 ms latency and 99.999% reliability requirement for the downlink transmission in differential protection, with a notable gap from the 100% UE coverage.


LTE V2X supports single-cell point-to-multipoint (SC-PTM) in its downlink. SC-PTM was introduced in Rel-13 as a spectrally more efficient, a lower latency alternative to MBSFN. In SC-PTM, broadcast/multicast services are limited to a single cell so that the broadcast/multicast area can be dynamically adjusted within each individual cell. Therefore, we propose NR Uu to support also multicast mechanisms, e.g. SC-PTM in order to support the typically high-density services for V2X communication. 

Proposal 3: To support high-density V2X scenarios, NR Uu should support multicast mechanisms (e.g. SC-PTM).
3 Conclusion
This contribution considered aspects for Uu enhancements.
The observation and proposal are as follows:

Observation 1: 5 ms end-to-end maximum latency (including both the latency in radio interface and that in CN) and 99.999% reliability are required for the remote driving use case for NR V2X over Uu.  
Observation 2: A DL latency of [0.5 ms, 2.5 ms] and a UL latency of [0.5 ms, 2.5 ms] can be supported by Rel-15 NR Uu from RAN1 perspective.

Observation 3: A CN latency of 3 ms ~10 ms can be assumed as per RAN1 URLLC discussion, and this can be used as a baseline for NR Uu V2X latency analysis.
Observation 4: The end-to-end latency may not be satisfied sometimes (e.g. when UL/DL latency >= 2ms) based on the existing Rel-15 NR Uu latency evaluation.

Observation 5: Common URLLC enhancements should be discussed by RAN2 in Rel-16 I-IoT, instead of in NR V2X SI. Only V2X-specific issues/enhancements should be studied for the support of remote driving over Uu in NR V2X (regarding e.g. latency reduction, reliability improvement, etc.). 
Proposal 1: RAN2 may study the latency reduction mechanisms over Uu by taking into account the V2X specific traffic model (e.g. support of multiple SPS/grant, traffic model reporting for aperiodical or burst V2X traffic, etc.). 
Proposal 2: RAN2 to study whether to support joint Uu and SL packet duplication for NR V2X.
Proposal 3: To support high-density V2X scenarios, NR Uu should support multicast mechanisms (e.g. SC-PTM).
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