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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One objective of the SI is to study Uu enhancements for advanced V2X use cases:
[bookmark: _GoBack]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.
Simulation assumptions for remote driving were discussed and agreed at RAN1#94bis as follows: 
Agreements:
· Take the following table as the table of representative use cases for selection for Rel-16 NR URLLC evaluation.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Transport Industry
(22.186: 5.5)
	99.999
	5 (end to end latency)

Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes

Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 



· Note: The above packet size already includes header overhead.

Based on the above assumptions, the evaluation results are updated. Note that NR Uu evaluation will be discussed in the eURLLC SI. This contribution focuses on evaluating whether LTE Uu can support advanced V2X services based on the simulation assumptions agreed at RAN1#94bis. 
[bookmark: _Ref129681832]LTE Uu techniques for supporting advanced V2X services
[bookmark: _Ref521421438]LTE techniques for evaluation
The LTE HRLLC feature was 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”. Therefore, the LTE HRLLC feature can be the baseline to evaluate whether the requirements of remote driving can be met or what enhancements 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 requirements of {32 bytes, 10-5, 1ms}. 
Given that LTE has a fixed numerology of 15 kHz, there can only be at most six transmission occasions in a subslot in a subframe, as shown in Fig. 1. Note that the pattern to be used depends on the length of PDCCH. This sTTI structure applies to both uplink and downlink.

[image: ]
[bookmark: _Ref528676523]Fig. 1: Short TTI structure

HARQ-less transmission for downlink
Considering the requirements of both high reliability and low latency, a UE can be configured to monitor DCI format 7-1x. It indicates K consecutive subslot-based PDSCH transmissions for improving reliability with the same resource allocation, MCS, and HARQ process, where K ∈ {1, 2, 3, 4 or 6} as shown in Fig. 2. However, retransmission was not expected to be practical within the latency budget, thus the name is HARQ-less transmission. 
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 minimized. 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. 
Even though it was agreed that the UE shall report the HARQ-ACK feedback with the timing given by the last PDSCH repetition if HARQ-less transmission is configured to the UE, it is worthwhile to note that the HARQ-ACK feedback is not used to trigger retransmission given the latency bound, so it is likely to be used only for link adaptation.

[image: ]
[bookmark: _Ref520534870]Fig. 2: Illustration for HARQ-less transmission for downlink

SPS with repetition for uplink
Similarly, in order to meet the high reliability and low latency requirements, SPS with repetition was developed and introduced for LTE HRLLC. The number of repetitions K must not exceed the periodicity length P, but if a new data arrives but misses the first transmission occasion within the repetition window, the UE has to wait for the next first sTTI of the transmission window. Therefore, in order to shorten the delay, the specifications allow multiple SPS configurations to be activated on the same serving cell as depicted in Fig. 3. 

[image: ]
[bookmark: _Ref520535554]Fig. 3: illustration of SPS with repetitions for uplink

Evaluation results
Simulation results are presented for the urban grid case. The evaluation is based on LTE Rel-15 techniques in section 2.1. The system-level evaluation assumptions are tabulated in Table 1 in Appendix A. 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. 4. It is shown that Rel-15 LTE Uu techniques cannot ensure 100% vehicles to obtain 99.999% reliability for uplink nor downlink. 
 [image: C:\Users\w00279153\AppData\Roaming\eSpace_Desktop\UserData\w00279153\imagefiles\D0919B9D-15D2-4A91-B440-ACCF2B92461D.png]
Fig. 4: Percentage of UE supported for downlink and uplink
[bookmark: _Ref521417323]
From the above evaluations we derive the following observations: 
Observation 1: 90% UEs could be supported at the 99.999% reliability level for downlink for urban grid scenario. 
Observation 2: 23% UEs could be supported at the 99.999% reliability level for uplink for urban grid scenario.

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: 90% UEs could be supported at the 99.999% reliability level for downlink for urban grid scenario. 
Observation 2: 23% UEs could be supported at the 99.999% reliability level for uplink for urban grid scenario.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref521484157][bookmark: _Ref521684931]TR 36.885, “Study on LTE-based V2X Services”. 


Appendix A


[bookmark: _Ref521423137]Table 1: System-level evaluation assumptions for urban grid 
	Parameters
	Urban grid

	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. 

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Simulation
Bandwidth
	20 MHz+20MHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

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

	BS antenna height
	25m

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

	BS receiver noise
figure
	5dB

	UE antenna
configuration
	RX: (Mp, Np, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2)
RX: (Mp, Np, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2)
(dH, dV) = (0.5, 0.5)λ


	UE receiver noise
figure
	9 dB

	UE antenna height
	3m

	Total transmit power
per TRxP
	49 dBm per 20 MHz 

	UE distribution
	Similar as Option A in 37.885
Vehicle speed is 60 km/h in all the lanes.

	Traffic model
	UL: 
Packet size 5220 bytes, periodic traffic model, data arrival rate 60 packets per second.
DL: 
Packet size 2083 bytes, Ftp3 model, lambda is 60 packets per second.
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One example of sSPUSCH repetition, where N=2, K=4, P
= 6 (in unit of subslot)
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