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Introduction
In RAN1 #89 meeting [1], the following agreements were achieved for the sTTI evaluation:
	Agreement:
· Time-varying interference and noise within one subframe is modeled both at link and system level
· Rel-14 UEs do not expect interference variation in time within one subframe
· The impact of transient period of short TTI (sTTI) should be taken into account for study and evaluation of PC5 operation with sTTI.
· Companies should provide assumptions for noise/interference estimation at least for Rel-14 UEs and how it is reflected in the simulation (e.g., link-to-system mapping)
Agreement:
· ADC quantization errors (AGC impact) are taken into account, if appropriate, in system level evaluations of short TTI performance 
· Agree on 10 ADC bits to be used for baseline system level evaluations.
· Companies can provide results for other ADC resolution
· SQNR curve from R1-1709526 is used to take into account ADC quantization and clipping noise
Working Assumption:
· ADC backoff (BO) is set to -18 dB
Agreement: 
· RF saturation modeling:
· UE calculates RX power level (P1) used for AGC settling
· UE calculates RX power level (P2) in demodulation symbol
· If (P2 > P1+Threshold), reception is declared as failed
· Working Assumption: Threshold = 10 dB
Agreement:
· To include the additional mixed transmission scenario for V2X sTTI evaluation assumption
· Periodicity of 20ms for R15 and periodicity of 100ms for R14 in case of 140km/h
· Percentages of R14 and R15 UEs is 50%-50% for mixed scenario 1 and is up to companies for mixed scenario 2 (must be reported)
· Mixed scenario 2 is lower priority than mixed scenario 1 
	Traffic model
	Periodic broadcast traffic:
Mixed scenario 1(supported already in #88bis):
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· Rel-15: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
Mixed scenario 2:
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· Rel-15: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency
Companies can bring results for other traffic models and latency.





In this contribution, the evaluation results based on the above agreements are provided. The details of sTTI solutions are presented in the companion contribution [2]. 
Evaluation results 
In this section, the following issues of sTTI initial evaluation results are discussed:
· The PRR of different scenarios and configurations;
· The impact of overhead;
· The impact of different AGC schemes;
In the following section, the legend “(R14:R15) = (50%:50%), R14->R14/R15” of the figures means that the ratio of the Rel-14 and Rel-15 is 50% to 50%. With the Rel-14 and Rel-15 UEs 50% ratio, the curve of “R14->R14/R15” corresponding to the PRR performance from Rel-15 UE transmission to the Rel-14 and Rel-15 UE. In this contribution, the legend is consistent with the above descriptions.
1 
2 
3 
The PRR of different scenarios and configurations;
Mixed scenario 1: Highway 140km/h
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Figure 1 PRR with R14 QPSK and R15 16QAM in Highway 140kmh of Mixed scenario 1 with Shared AGC
In Figure 1(a) and Figure 1(b), the PRR performance is presented with the Shared AGC scheme. The following trends can be observed from Figure 1:
1) When the proportion of Rel-15 UEs is increased, the PRR from Rel-15 UE transmission is improved by the alleviation of the interference from the Rel-14 UE, and the PRR from Rel-15 UE transmission of 80% is close to the PRR from Rel-15 UE transmission of 100%. The interference caused by the Rel-14 transmission in TTI is bigger than that caused by the Rel-15 UE transmission [2]. 
2) Meanwhile, when the proportion of Rel-15 UEs is increased, the PRR from Rel-14 UE transmission is improved by the alleviation of the interference from the Rel-15 UE. 
Observation 1: In the Highway 140kmh Mixed scenario 1 with Rel-14 QPSK and Rel-15 16QAM：
· When the proportion of Rel-15 UEs is increased, the PRR from Rel-15 UE transmission is improved by the alleviation of the interference from the Rel-14 UE. 
· When the proportion of Rel-15 UEs is increased, the PRR from Rel-14 UE transmission is improved.
In order to show the impact on the PRR performance of the Rel-14 UE, the PRR performance comparison among different scenarios and configurations are summarized in the following table. The PRR with 100% Rel-14 UEs is considered as the baseline performance.
Table 1 The PRR performance comparison among different scenarios and configurations
	Scenarios and configurations
	50% Rel-14 UEs PRR gain over  100% Rel-14 UE PRR at 300 meters
	20% Rel-14 UEs PRR gain over 100% Rel-14 UE PRR at 300 meters

	Mixed scenario 1: Highway 140kmh, R14 QPSK and R15 16QAM, Shared AGC
	5.00%
	    6.20%



In Table 1, in the Highway 140kmh Mixed scenarios 1, the PRR from the Rel-14 UEs transmission is improved with the increasing proportion of Rel-15 UEs with the R14 QPSK and R15 16QAM for Shared AGC scheme. 
Observation 2: In the Highway 140kmh Mixed scenarios 1 with R14 QPSK and R15:
· The PRR from the Rel-14 UEs transmission is improved with the increasing proportion of Rel-15 UEs with the R14 QPSK and R15 16QAM for Shared AGC in one symbol schemes. 

Mixed scenario 1: Highway 70km/h
[image: ]
Figure 2 PRR and R14 QPSK and R15 16QAM in Highway 70kmh of Mixed scenario 1 with Shared AGC
In the Highway 70kmh Mixed scenario 1, when the proportion of Rel-15 UEs is increased, the PRR of Rel-15 UE is also improved by the alleviation of the interference from the Rel-14 UE. When the proportion of Rel-15 UEs is increased, the PRR from Rel-14 UE transmission is improved. When the proportion of Rel-15 UEs is close to 100%, the PRR from Rel-15 transmission is better than Rel-14 UE.
Observation 3: In the Highway 70kmh Mixed scenario 1 with Rel-14 QPSK and Rel-15 16QAM:
· When the proportion of Rel-15 UEs is increased, the PRR of Rel-15 UE is improved by the alleviation of the interference from the Rel-14 UE. 
· When the proportion of Rel-15 UEs is increased, the PRR of Rel-14 UE is improved. 
· When the proportion of Rel-15 UEs is close to 100%, the PRR of Rel-15 is better than Rel-14 UE.

Mixed scenario 2: Highway 140km/h
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(a) Mixed scenario 2: Highway 140kmh, R14 QPSK and R15 16QAM, {R14:R15 = 50%:50%}, Shared AGC
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(b) Mixed scenario 2: Highway 140kmh, R14 QPSK and R15 16QAM, {R14:R15 = 20%:80%}, Shared AGC
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(c) Mixed scenario 2: Highway 140kmh, R14 QPSK and R15 16QAM, {R14:R15 = 0%:100%}, Shared AGC
Figure 3 PRR with R14 QPSK and R15 16QAM in Highway 140kmh of Mixed scenario 2 with Shared AGC
In Mixed scenario 2, because of the 20 ms period for Rel-15 UE, when the proportion of Rel-15 UEs is increased, the system load will be increased with the higher message transmission frequency of Rel-15 UEs than in the Mixed scenario 1. 
In Figure 3, the PRR of different proportion of Rel-15 UEs in Mixed scenario 2 is presented, the PRR from Rel-15 UE and Rel-14 UE transmission in sTTI with Shared AGC scheme can achieve obvious gain to the Rel-15 UE and Rel-14 UE in TTI. The PRR gain in different distance between TX UE and RX UE is summarized in the following table:
Table 2 The PRR gain of Highway 140km/h Mixed scenario 2 in different distance
	Proportion of Rel-15 UE
	R14 or R15
	sTTI PRR gain over TTI PRR gain

	50%
	R15
	17.77%~25.13%

	
	R14
	17.01%~28.76%

	80%
	R15
	16.25%~34.43%

	
	R14
	21.34%~39.84%

	100%
	R15
	13.66%~32.95%



In Table 2, it can be observed that the sTTI PRR gain of Rel-15 UE over TTI can be improved with the increasing proportion of Rel-15. Because the link level performance of 16QAM is worse than QPSK, the sTTI PRR gain of Rel-15 UE over TTI is little a smaller than Rel-14. The PRR gain of sTTI Rel-14 and Rel-15 over TTI can be achieved with the increasing proportion of Rel-15 UEs.
Observation 4: In the Highway 140km/h Mixed scenario 2:
· The PRR gain of sTTI Rel-14 and Rel-15 over TTI can be achieved with the increasing proportion of Rel-15 UEs.
· There is balance between interference from increased load and mitigation of interference because of sTTI resource occupying compared with the case of TTI.

The impact of overhead
If AGC is restricted to occupying 1 symbol in the shorten TTI, the overhead of 1 slot is 4 symbols with AGC (1 symbol) and GP (1 symbol) and DMRS (2 symbols). Therefore, only 3 symbols can be used for the actual payload. Meanwhile, with only 2-column DMRS symbols in the slot, the channel estimation is less accurate because of the extrapolation. 
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	(a) Mixed scenario 1: Highway 140kmh, R14 QPSK and R15 16QAM, puncture 2 symbols in 1 slot
	(b) Mixed scenario 1: Highway 140kmh, R14 16QAM and R15 16QAM, puncture 2 symbols in 1 slot


Figure 4 PRR with puncturing 2 symbols in 1 slot in Highway 140kmh of Mixed scenario 1 
In Figure 4, AGC and GP symbols are punctured in 1 slot as 2 symbols and PRR is evaluated in the low density and low traffic load of Highway 140kmh of Mixed scenario 1. It can be observed that the PRR performance is not acceptable for the road safety applications.
Observation 5: 
· Even in the low density and low traffic load scenario of Highway 140kmh of Mixed scenario 1, when AGC and GP are punctured as two symbols in one slot, the PRR performance cannot be acceptable.
· In the higher density and higher traffic load scenarios, PRR performance will be further degraded with AGC and GP are punctured as two symbols in one slot.

The impact of different AGC scheme
Because of the PRR performance with two symbols of AGC and GP in one slot is not acceptable, the different AGC schemes to decrease the overhead of AGC and GP in one slot are proposed: 
· Option 1: Shared AGC; 
· Option 2: AGC/GP in one symbol.
The following issues are considered in the system level simulations to reflect the impact of the AGC. For the Shared AGC scheme, the quantization error is introduced for both Rel-14 and Rel-15 UEs. If the Rel-15 UE is transmitting in the second slot, the Rel-15 UE cannot correctly receive the first slot because of the TX/RX transient period in the second symbol of the first slot. For the AGC/GP in one symbol scheme, besides the quantization error, the receiver is also affected with the clipping noise and receiving failure with RF saturation. 
In the subframe, the overhead of the Shared AGC scheme and AGC/GP in one symbol scheme is same as two symbols. And in the slot sTTI, the overhead of the Shared AGC scheme and AGC/GP in one symbol scheme is same as one symbol. The overhead of these two AGC schemes are same in subframe and slot granularity.
In order to analyze the impact of the two different AGC schemes to the systematic performance, the PRR is evaluated in different scenarios respectively.
Mixed scenario 1: Highway 140km/h
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(a) Mixed scenario 1: Highway 140kmh, R14 QPSK and R15 16QAM, Shared AGC and AGC/GP in one symbol
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(b) Mixed scenario 1: Highway 140kmh, R14 16QAM and R15 16QAM, Shared AGC and AGC/GP in one symbol
Figure 5 PRR with different AGC schemes in Highway 140kmh of Mixed scenario 1 
In Figure 5(a) and Figure 5(b), the PRR of different AGC schemes are presented with Rel-14 UE QPSK/16QAM and Rel-15 16QAM in Highway 140kmh of Mixed scenario 1. 
For example, in Figure 5(a), when the distance between TX UE and RX UE is lower than 250 meters, the difference of PRR is very small for different Rel-15 UE Proportion. 
In order to show the difference of PRR clearly with the distance larger than 250 meters, the difference of PRR with distance of 300 meters is listed in the following table:
Table 3 Comparison of the PRR with Shared AGC and AGC/GP in one symbol in Highway 140kmh of Mixed scenario 1
	Different type of UEs at 300 meters
	PRR gain of Shared AGC to AGC/GP in one symbol
(R14 QPSK and R15 16QAM)
	PRR gain of Shared AGC to AGC/GP in one symbol
 (R14 16QAM and R15 16QAM)

	R15 100% at 300 meters
	0.08%
	0.78%

	R15 50% at 300 meters
	2.32%
	-2.10%

	R14 50% at 300 meters
	0.99%
	2.23%


In Table 3, comparing to the AGC/GP in one symbol scheme, Shared AGC can achieve very limited PRR gain with the maximum PRR gain 2.32% at 300 meters for Rel-15 UE. If Rel-14 UE is 16QAM, comparing to the Shared AGC scheme, maximum 2.10% PRR gain can be achieved with AGC/GP in one symbol scheme at 300 meters for Rel-15 UE.
Because of the link level performance is more sensitive for the clipping noise and saturation to the quantization error, the Shared AGC is a little better than AGC/GP in one symbol scheme in many cases. The performance gain for the Shared AGC to AGC/GP in one symbol is very limited because the very low proportion of the clipping in different scenarios.
Observation 6: 
· In the low density and low traffic load of Highway 140kmh Mixed scenario 1, comparing to the AGC/GP in one symbol scheme, Shared AGC can achieve very limited PRR gain with the maximum PRR gain 2.32% at 300 meters. 
· If Rel-14 UE is 16QAM, comparing to the Shared AGC scheme, maximum 2.10% PRR gain can be achieved with AGC/GP in one symbol scheme at 300 meters.

Mixed scenario 1: Highway 70km/h
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Figure 6 PRR with different AGC schemes in Highway 70kmh of Mixed scenario 1： R14 QPSK and R15 16QAM, Shared AGC and AGC/GP in one symbol
In Figure 6(a) and Figure 6(b), the PRR of Shared AGC and AGC/GP in one symbol are presented with Rel-14 UE QPSK/16QAM and Rel-15 16QAM in Highway 140kmh of Mixed scenario 1.
In Figure 6(a), when the distance between TX UE and RX UE is lower than about 120 meters, the difference of PRR is very small for different Rel-15 UE Proportion. In order to show the difference of PRR clearly with the distance larger than 120 meters, the difference of PRR with distance of 300 meters is listed in the following table:
Table 4 Comparison of the PRR with Shared AGC and AGC/GP in one symbol in Highway 70kmh of Mixed scenario 1
	Different type of UEs at 300 meters
	PRR gain of Shared AGC to  AGC/GP in one symbol 
(R14 QPSK and R15 16QAM)

	R15 100% at 300 meters
	-2.23%

	R15 50% at 300 meters
	1.42%

	R14 50% at 300 meters
	2.45%


In Table 4, comparing to the AGC/GP in one symbol scheme, Shared AGC can achieve very limited PRR gain with the maximum PRR gain 2.45% at 300 meters. 
Observation 7: 
· In the higher density and higher traffic load of Highway 70kmh Mixed scenario 1, , comparing to the AGC/GP in one symbol scheme, Shared AGC can still achieve very limited PRR gain with the maximum PRR gain 2.45% at 300 meters. 
· If Rel-14 UE is QPSK, comparing to the Shared AGC scheme, maximum 2.23% PRR gain can be achieved with AGC/GP in one symbol scheme at 300 meters.
Observation 8: 
· With the same overhead of two symbols in subframe, the PRR performance can satisfy the road safety applications.
· Because of the link level performance is more sensitive for the clipping noise and satuaration to the quantization error, the Shared AGC is a little better than AGC/GP in one symbol scheme in many cases. 
· The performance gain for the Shared AGC is very limited compared with AGC/GP in one symbol because the very low proportion of the clipping in different scenarios.

Conclusion
In this contribution, the sTTI mechanism is evaluated. The following observations are presented:
Observation 1: In the Highway 140kmh Mixed scenario 1 with Rel-14 QPSK and Rel-15 16QAM：
· When the proportion of Rel-15 UEs is increased, the PRR from Rel-15 UE transmission is improved by the alleviation of the interference from the Rel-14 UE. 
· When the proportion of Rel-15 UEs is increased, the PRR from Rel-14 UE transmission is improved.
Observation 2: In the Highway 140kmh Mixed scenarios 1 with R14 QPSK and R15:
· The PRR from the Rel-14 UEs transmission is improved with the increasing proportion of Rel-15 UEs with the R14 QPSK and R15 16QAM for Shared AGC in one symbol schemes. 
Observation 3: In the Highway 70kmh Mixed scenario 1 with Rel-14 QPSK and Rel-15 16QAM:
· When the proportion of Rel-15 UEs is increased, the PRR of Rel-15 UE is improved by the alleviation of the interference from the Rel-14 UE. 
· When the proportion of Rel-15 UEs is increased, the PRR of Rel-14 UE is improved. 
· When the proportion of Rel-15 UEs is close to 100%, the PRR of Rel-15 is better than Rel-14 UE.
Observation 4: In the Highway 140km/h Mixed scenario 2:
· The PRR gain of sTTI Rel-14 and Rel-15 over TTI can be achieved with the increasing proportion of Rel-15 UEs.
· There is balance between interference from increased load and mitigation of interference because of sTTI resource occupying compared with the case of TTI.
Observation 5: 
· Even in the low density and low traffic load scenario of Highway 140kmh of Mixed scenario 1, when AGC and GP are punctured as two symbols in one slot, the PRR performance cannot be acceptable.
· In the higher density and higher traffic load scenarios, PRR performance will be further degraded with AGC and GP are punctured as two symbols in one slot.
Observation 6: 
· In the low density and low traffic load of Highway 140kmh Mixed scenario 1, comparing to the AGC/GP in one symbol scheme, Shared AGC can achieve very limited PRR gain with the maximum PRR gain 2.32% at 300 meters. 
· If Rel-14 UE is 16QAM, comparing to the Shared AGC scheme, maximum 2.10% PRR gain can be achieved with AGC/GP in one symbol scheme at 300 meters.
Observation 7: 
· In the higher density and higher traffic load of Highway 70kmh Mixed scenario 1, , comparing to the AGC/GP in one symbol scheme, Shared AGC can still achieve very limited PRR gain with the maximum PRR gain 2.45% at 300 meters. 
· If Rel-14 UE is QPSK, comparing to the Shared AGC scheme, maximum 2.23% PRR gain can be achieved with AGC/GP in one symbol scheme at 300 meters.
Observation 8: 
· With the same overhead of two symbols in subframe, the PRR performance can satisfy the road safety applications.
· Because of the link level performance is more sensitive for the clipping noise and satuaration to the quantization error, the Shared AGC is a little better than AGC/GP in one symbol scheme in many cases. 
· The performance gain for the Shared AGC is very limited compared with AGC/GP in one symbol because the very low proportion of the clipping in different scenarios.
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Appendix: Evaluation assumptions
Based on the agreements in RAN1 meeting #88bis and #89 [1], the following evaluation assumptions for the sTTI simulation are provided in the following table. 
Table A.1 Evaluation assumptions for the sTTI simulation
	Parameter
	Value

	Deployment scenario
	Same as Rel-14 deployment scenario: Highway 140km/h; Highway 70km/h;

	Proportion of Rel-14 and Rel-15 UEs 
	· Proportion of Rel-14 and Rel-15 UEs
· (Rel-14 UE, Rel-15 UE) = {(0, 100), (20, 80) , (50, 50) }. 
· Two cases are evaluated for each proportion of UE combination;
· case 1: Rel-15 UEs use 1ms TTI (SA and data)
· case 2: Rel-15 UEs use short TTI

	Traffic model
	As the agreements of RAN1 #90:
Mixed scenario 1(supported already in #88bis):
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· Rel-15: 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
Mixed scenario 2:
· Rel-14: 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· Rel-15: 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency

	Number of transmission(s) per packet
	2

	TTI Structure
	· Subframe TTI granularity (LTE Rel-14 legacy TTI structure)
· Slot TTI granularity

	AGC settling time
	· Shared AGC with Tx/Rx switching in the second symbol of the first slot: Considering of the quantization error and not sensing in the first slot for Rel-15 TX UE of the second slot. 
· No Shared AGC: Considering of the quantization error, clipping noise and saturation.

	Time for Tx/Rx switching
	

	Frequency allocation
	· Rel-14:
· QPSK: SA 2 PRB + Data 20 PRB
· 16QAM: SA 2 PRB + Data 8 PRB
· Rel-15:
· 16QAM: SA 4 PRB + Data 24 PRB

	Performance metric used for comparison
	· The PRR performance of V2V communication among Rel-15 UEs
· The PRR performance of V2V communication from Rel-14 UE to both Rel-14 and Rel-15

	Interference model 
	· Time-selective interference with sTTI granularity
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