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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A study item of NR V2X was approved at RAN#80 and one objective is to study Uu enhancements for advanced V2X use cases [1]:
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.
Evaluation for remote driving was discussed at RAN1#94 meeting and the discussion focused on the traffic model. There is overlapping use case of remote driving discussed as well in Rel-16 eURLLC study item at last meeting. RAN#81 decided NR Uu for remote driving will be only discussed in eURLLC, and [94-NR-06] email discussion summary [2] will capture the views on simulation assumptions including for the use case of remote driving.  
This contribution focuses to evaluate whether LTE Uu can support advanced V2X services based on the simulation assumptions provided in the [94-NR-06] email discussion summary [2]. 
[bookmark: _Ref129681832]LTE Uu techniques for supporting advanced V2X services
Advanced V2X services and requirements for evaluation
The advanced V2X services defined are categorized into four groups: vehicles platooning, extended sensors, advanced driving, and remote driving. The requirements for each use case group are captured in TS 22.186 [3]. 
Remote driving with the following performance requirements [4] is viewed as the relevant advanced V2X service for evaluating whether LTE Uu techniques can support it. In addition, the absolute speed for message exchanged between a UE supporting V2X application and V2X application server is up to 250 km/h. 
[bookmark: _Ref521487634]Table 1: Performance requirements for remote driving
	Communication scenario description
	Max end-to-end latency (ms)
	Reliability (%)
	Data rate (Mbps)

	Information exchange between a UE supporting V2X application and a V2X Application Server
	5
	99.999
	UL: 25
DL: 1


Note: The max end-to-end latency in the table includes the core network latency. For simulation, the 3ms core latency was assumed to be reasonable.

[bookmark: _Ref521573157]Traffic model
FTP model 3 is used to evaluate all the scenarios of Uu interface. For DL transmission, the traffic is often aperiodic and is modeled as a Poisson arrival distribution with an average arrival rate of 60 packets per second. The packet size could be calculated according to the required data rate. Given the arrival rate of 60 packets/s, the packet size is 2083 bytes to achieve the required 1 Mbps service data rate. 
For UL transmission, in remote driving, the vehicles will transmit the video data to the remote driver, and the video stream is often stable. Assuming the video transfer rate is 60 fps, then the traffic can be modeled as a periodic arrival model with an arriving rate of 60 packets per second. The packet size could be calculated from the video coding scheme and picture resolution. The required user experienced data rate defined in TR 22.886 and TS 22.186 assumes 4K resolution, which is rather high for remote driving with a human operator. The typical resolution of 720p @ 60fps could be assumed. Given H.265 format and 720p resolution, the packet size is about 2170 bytes for one video stream. Assuming 2 cameras (i.e., video streams) and 880 bytes data rate for sensors (according to TR 37.885, the packet size is 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8, hence the average sensors packet size is about 880 bytes) [5], the packet size is about 5220 bytes.

[bookmark: _Ref521421438]LTE techniques for evaluation
The LTE HRLLC feature has been introduced in Rel-15. It aims to provide solutions to support high reliability and low latency traffic for which the requirement is “URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered”. 
The techniques specified in Rel-15 LTE basically consist of HARQ-less transmission for downlink and SPS with repetition for uplink based on the sTTI frame structure to fulfill the requirement of {32 bytes, 10-5, 1ms}. 
HARQ-less transmission for downlink
A UE can be configured to monitor DCI format 1A or 7-1x on the UE-specific search space that indicates K consecutive PDSCH transmissions with the same resource allocation, MCS, and HARQ process, where K ∈ {1, 2, 3, 4 or 6} as shown in Fig. 1. 
Note that within the repetition window, the PDCCH can be transmitted once and the reliability of PDCCH can be improved by e.g., power boosting, so that the overhead consumed by PDCCH transmission can be controlled to be the minimum. However, the eNB can also decide to use more resources and send multiple PDCCHs in the (s)TTIs following the (s)TTI where a DL assignment for K PDSCH transmissions has been transmitted. The UE discards any PDCCH scrambled with C-RNTI in a (s)TTI where a PDSCH that is part of a window of K transmissions is being received.
A maximum rank of 2 is supported with slot/subslot PDSCH repetition and DMRS sharing cannot be used with subslot PDSCH repetition. There was a proposal during the discussion that UE could not report HARQ-ACK given the limited latency budget as there is not enough time for retransmission anyway. However, in the end it was agreed that UE shall report the HARQ-ACK feedback with the timing given by the last PDSCH repetition if PDSCH repetition is configured to the UE for a given TTI length rather than individually report HARQ-ACK feedback corresponding to each PDSCH transmission within the repetition window to reduce uplink overhead. 
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[bookmark: _Ref520534870]Fig. 1: Illustration for HARQ-less transmission for downlink

SPS with repetition for uplink
UL SPS repetition where K >1 UL transmissions of the same transport block can be configured as part of the SPS configuration for slot/subslot PUSCH reliability. The number of UL transmissions, K, can be chosen so that the aggregated time of K UL transmissions does not exceed the configured SPS periodicity P. 
If a new data arrives, UE has to wait for the next first (s)TTI of the transmission window before transmitting the new data. Therefore, in order to shorten the delay, the specifications allow multiple SPS configurations for the same TTI length to be activated on the same serving cell as depicted in Fig. 2. 
By appropriate setting of P, K and the number of SPS configurations for a given TTI length, it is possible to reduce the maximum delay for the UE to be able to transmit UL data to 1 (s)TTI.
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[bookmark: _Ref520535554]Fig. 2: illustration of SPS with repetitions for uplink

Evaluation results
Both urban grid and highway scenarios are evaluated based on LTE Rel-15 techniques in section 2.3. The system-level evaluation assumptions are tabulated in Table 2 in Appendix B. Refer to Appendix A and section 2.2 for UE drop and traffic modeling, respectively. 4T4R is assumed for downlink evaluation; 2T4R is assumed for uplink evaluation. The metric used is the percentage of UE supported for the BLER requirements. 
The results for DL and UL are illustrated in Fig. 3 and Fig. 4, respectively. It is shown that Rel-15 LTE Uu techniques could not ensure 100% vehicles to obtain 99.999% reliability for uplink nor downlink. 

[bookmark: _Ref521417323][image: ]
[bookmark: _Ref521683087]Fig. 3: Percentage of UE supported vs. BLER for downlink
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[bookmark: _Ref521683094]Fig. 4: Percentage of UE supported vs. BLER for uplink
From the above evaluations we derive the following observations: 
Observation 1: 62.5% and 48.3% UEs could be supported at the 99.999% reliability level for downlink, for highway and urban grid scenario, respectively. 
Observation 2: 60% and 40% UEs could be supported at the 99.999% reliability level for uplink, for highway and urban grid scenario, respectively.

Conclusions
Whether LTE Uu can support advanced V2X services based on the specified techniques for HRLLC in LTE Rel-15 is evaluated in this contribution.  Via evaluations, we derive the following observations:
Observation 1: 62.5% and 48.3% UEs could be supported which fulfill the 99.999% BLER for downlink for highway and urban grid scenario, respectively. 
Observation 2: 60% and 40% UEs could be supported which fulfill the 99.999% BLER for uplink for highway and urban grid scenario, respectively.
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Appendix A
A. [bookmark: _Ref521486821]UE drop and mobility model [6]
A.1. Highway
-	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
A.2. Urban grid
-	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 60 km/h in all the lanes.
-	In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.

Appendix B


[bookmark: _Ref521423137]Table 2: System-level evaluation assumptions for urban grid and highway
	Parameters
	Urban grid
	Highway

	Layout
	Single layer - Macro layer: Road configuration in Figure 6.1.9-1 in 38.913 and BS placement as depicted in Figure A.1.3-1 in 36.885. 
	Single layer - Macro layer: Straight line BS placement with Road configuration in 36.885.

	Inter-BS distance
	500m
	1732m

	Carrier frequency
	4 GHz
	4GHz

	Simulation
bandwidth
	20 MHz+20MHz
	20 MHz+20MHz

	Channel model 
	UMa in TR 38.901
	RMa in TR 38.901

	UE Tx power
	23dBm
	23dBm

	BS antenna
configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
dH = 0.5λ, dV = 0.8λ;
102 degree for 500m ISD
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
dH = 0.5λ, dV = 0.8λ;
93 degree for 1732m ISD

	BS antenna height
	25m
	35m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss

	BS receiver noise
figure
	5dB
	5dB

	UE antenna
configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	UE receiver noise
figure
	9 dB
	9 dB

	UE antenna height
	1.6m (Type 2 vehicle UE type in 37.885)
	1.6m (Type 2 vehicle UE type in 37.885)

	Total transmit power
per TRxP
	49 dBm per 20 MHz 
	49 dBm per 20 MHz 

	UE distribution
	Similar as Option A in 37.885
-	Vehicle type distribution: 100% vehicle type 2.
-	Vehicle speed is 60 km/h in all the lanes.
	Similar as Option A in 37.885
-	Vehicle type distribution: 100% vehicle type 2.
-	Vehicle speed is 140 km/h in all the lanes.



Appendix C
According to the normative requirements defined in TS 22.186, the UL data rate is 25 Mbps, and we consider 40 MHz for system bandwidth and related parameters in Table 2 and Table 3. Here we provide related analysis to support UL data rate with certain configuration.
It is obvious that 256 QAM is not the appropriate modulation scheme for 99.999% reliability, and therefore we take 64-QAM as the highest practical modulation scheme. If rank-1 and 64-QAM is assumed for UL transmission, for 4K video and sensor, 25 Mbit data rate per 60 video frames means transmitting 52 082 bytes per 2 ms latency. For 40 MHz bandwidth and 60 kHz SCS, the maximum transmitted packet size per 2 ms is about 37 688 bytes (that is 28 symbols with 64-QAM and MCS26). It is small than 52 082 bytes. Therefore, it is not sufficient to support 25 Mbps data rate for 40 MHz bandwidth. One solution is to increase system bandwidth, but in order to improve simulation efficiency, we choose H.265 format and 720p resolution for this first round of evaluations of remote driving support. Higher data rate such as 4K resolution case can be supported with more bandwidth.
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One example of sSPUSCH repetition, where N=2, K=4, P
= 6 (in unit of subslot)




