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Introduction
In RAN1 #88bis meeting [1], the following agreements were achieved for the sTTI evaluation:
	Agreement:
· For study of PC5 operation with short TTI
· Evaluation of sTTI performance is done by means of analysis, link level and system level simulation
· Maximum latency between packet arrival at Layer 1 and resource selected for transmission improvement with sTTI compared with Rel-14 is evaluated
· Other latency improvements can be evaluated
· Improvement reliability can be considered including retransmission if used
· Impact on Rel-14 UEs is evaluated
· For system level evaluations, the target for maximum latency between packet arrival at Layer 1 and resource selected for transmission is [20] ms at least for Rel-15 UEs
· Discuss further the [20] ms value
Note: other evaluations (e.g., spectral efficiency) can be provided by interested companies



In this contribution, we will provide some initial evaluation results in accordance with the above requirements. The details of sTTI scheme and the relevant simulation assumptions and parameters are illustrated in company’s contribution [2]. 
Evaluation assumptions
Based on the agreements in RAN1 meeting #88bis [1], the following evaluation assumptions for the sTTI simulation are provided in Table 1. Compared with [1], some extended cases are additionally simulated.
Table 1 Evaluation assumptions for the sTTI simulation
	Parameter
	Value

	Deployment scenario
	Same as Rel-14 deployment scenario: Highway 140km/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 (the detailed TTI structure as in [4])

	Traffic model
	Periodic broadcast traffic:
· Rel-14: 
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 100 ms latency 
· 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency 
· Rel-15: 
· 4 x 190 byte + 1 x 300 byte; 100 ms period; 20 ms latency
· 4 x 190 byte + 1 x 300 byte; 20 ms period; 20 ms latency
· 4 x 190 byte + 1 x 300 byte; 20 ms period; 10 ms latency

	Resource (re-)selection for Rel-15
	· Reuse Rel-14 resource (re-)selection for Rel-15 UE resource (re-)selection with the UE matching to decrease the resource fragments. 
· T1/T2 configurations:
· Rel-14: 
· 100ms period, 100ms latency: T1 = 4, T2 = 99;
· 20ms period, 20ms latency: T1 = 4, T2 = 19;
· Rel-15: 
· 100ms period, 20ms latency: T1 = 4, T2 = 19;
· 20ms period, 20ms latency: T1 = 4, T2 = 19;
· 20ms period, 10ms latency: T1 = 2, T2 = 9;

	Number of transmission(s) per packet
	2

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

	AGC settling time
	AGC and GP are combined as one symbol in one slot sTTI.

	Time for Tx/Rx switching
	

	Frequency allocation
	· Rel-14:
· Time domain: one subframe (TTI);
· Frequency domain:
· SA: 2 PRB
· Data: 20 PRB for both 190 bytes and 300 bytes;
· Rel-15:
· Time domain: one slot (sTTI);
· Frequency domain:
· sTTI SA: 4 PRB
· Data: 40 PRB for both 190 bytes and 300 bytes;

	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


Initial evaluation results 
In this section, the following issues of sTTI initial evaluation results are discussed:
· PRR performance;
· Impact of T1 and T2 values;
· Impact of AGC;
1 
2 
3 
PRR performance
The PRR performance is evaluated with two different traffic period of 20ms and 100ms in highway 140km/h.
Highway 140km/h scenarios with 20ms period
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	(a) (Rel-14 UE, Rel-15 UE) = {(50%, 50%)} in sTTI
	(b) (Rel-14 UE, Rel-15 UE) = {(20%, 80%)} in sTTI


Figure 1 Comparison of PRR with TTI and sTTI with different UE Proportion with 20ms period
Scenario 1 indicates 50% Rel-14 and 50% Rel-15 UEs with legacy length TTI for transmission. Scenario 1 Rel14 TTI indicates PRR when both Rel-14 and Rel-15 UEs receive Rel-14 user’s transmission. Scenario 1 Rel-15 TTI indicates PRR when only Rel-15 users receive Rel-15 user’s transmission. It is similarly for two PRR evaluations for scenario 2. The only difference is STTI is applied to Rel-15 users. Also it is assumed that only sTTI SA applied to Rel-15 UEs for PSCCH transmission as described in [2], i.e. Rel-14 users cannot sense Rel-15 UEs.
In Figure 1(a) and Figure 1(b), the simulation results of three scenarios with 20ms period are present. It can be observed that the PRR of Rel-14 and Rel-15 UE with the legacy TTI scheme (Scenario 1) was worse than the sTTI UE Proportion of 50% (Scenario 2) and 100% Rel-15 UE (Scenario 3) in generally. The PRR of 100% Rel-15 UE (Scenario 3) is the best. 
When the proportion of sTTI Rel-15 UE is 50% (Scenario 2) in Figure 1(a), the PRR of Rel-14 UE is better than Rel-15 UE. While the proportion of sTTI used Rel-15 UEs is increased to 80% (Scenario 2) in Figure 1(b), the PRR of Rel-15 UE is improved by the alleviate of the interference from the Rel-14 UE, and the PRR of Rel-15 UE of 80% (Scenario 2) is close to the PRR of Rel-15 UE of 100% (Scenario 3). The interference caused by the Rel-14 transmission in TTI is bigger than that caused by the Rel-15 UE transmission [2]. The detailed analysis can be referenced in the companion contribution [2].
It is noted that from evaluation assumption, Rel-15 UEs transmission does not occupy the whole bandwidth, i.e. coding rate is not the lowest case. With decrease of coding rate further, Rel-15 UEs’ performance would be even better. 
Observations 1: In the high density scenarios, the introduction of sTTI scheme can make both Rel-15 UEs and Rel-14 UEs performance improved and the gain for Rel-15 UE’s PRR from the introduction of sTTI scheme can be significantly increased with the proportion of Rel15 UEs increases. 

Highway 140km/h scenarios with the packet period of 100ms
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	(a) (Rel-14 UE, Rel-15 UE) = {(50%, 50%)} in sTTI
	(b) (Rel-14 UE, Rel-15 UE) = {(20%, 80%)} in sTTI


Figure 2 Comparison of PRR with TTI and sTTI with different UE Proportion with 100ms period
In Figure 2(a), the simulation results of three scenarios with 100ms period are provided. The trend of the PRR performance is similar with the 20ms period although Rel-15 UE’s performance does not improve when its portion is 50%.
While the proportion of sTTI used Rel-15 UEs is increased to 80% (Scenario 2) in Figure 2(b), the PRR of Rel-15 UE is still improved by the alleviate of the interference from the Rel-14 UE, and the PRR of Rel-15 UE of 80% (Scenario 2) is close to the PRR of Rel-15 UE of 100% (Scenario 3). 
Observations 2: In the low density scenarios, the trend of the PRR performance in sTTI is similar with the high density scenarios. When percentage of Rel-15 UE is low, PRR may not show performance gain; but when percentage of Rel-15 UE increases, PRR performance gain is still significant.

Impact of decreased T1 and T2 values
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	(a) (Rel-14 UE, Rel-15 UE) = {(50%, 50%)} in sTTI
	(b) (Rel-14 UE, Rel-15 UE) = {(20%, 80%)} in sTTI
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(c) (Rel-14 UE, Rel-15 UE) = {(0%, 100%)} in sTTI
Figure 3 Comparison of PRR with different latency values for sTTI
In Figure 3, the PRR performance is provided by different T1 and T2 configurations for resource selection window with the proportion of the sTTI Rel-15 UE 50%, 80% and 100% respectively. Even in the high density scenarios, it can be observed that T1 and T2 can be decreased without obvious deviation of the PRR performance for both Rel-14 and Rel-15 UEs.
Observations 3: Even in the high density scenarios, it can be observed that T1 and T2 can be decreased without obvious deviation of the PRR performance for both Rel-14 and Rel-15 UEs.
Observation 4: At the same PRR performance, STTI Rel-15 UE can achieve additional latency gain.
Proposal 1: sTTI should be applied to Rel-15 UEs, which can provide both PRR and latency gain.
AGC
In order to analyze the available AGC dynamic range in sTTI, the max level of receiving power in two slot sTTI of one subframe is calculated respectively. Thus, the distribution of the difference of receiving power (dB) from the Rel-14 UE and Rel-15 UE in the two slot sTTI in one subframe can be reflected with the CDF curve in Figure 4.
[image: ]
[bookmark: _Ref481775743]Figure 4 CDF distribution of the difference of receiving power (dB) in the two slot sTTI in one subframe
In Figure 4, the CDF distribution of the difference of receiving power (dB) in the two slot sTTI in one subframe are presented in the high density scenario (20ms period) and low density scenario (100ms period). It can be observed that the CDF distribution is similar in the two different scenarios. If the AGC dynamic range can be settled as ± 20dB, the AGC can be adjusted to adapt to about 80% scenarios. When dynamic range supportable is even larger, more percentage scenarios can be supported.
In order to analyze how much possibility when clipping problem happens to Rel-14 UE, the following conditions are indicated and when these conditions are satisfied, it reflects clipping problem may happen.
· Receiving power from Rel-14 UE and Rel-15 UE are both higher than the threshold of Rel-14 and Rel-15 PSSCH-RSRP respectively;
· The max level of the first slot receiving power is higher than the second slot receiving power;
In order to analyze how much possibility when quantization noise problem happens to Rel-14 UE, the following conditions are indicated and when these conditions are satisfied, it reflects quantization noise problem may happen. 
· Receiving power from Rel-14 UE and Rel-15 UE are both higher than the threshold of Rel-14 and Rel-15 PSSCH-RSRP respectively;
· The max level of the first slot receiving power is lower than the second slot receiving power;
In highway 140km/h scenarios, the proportion of quantization noise and clipping problem of AGC for Rel-14 UE receiving is summarized in Table 2 which indicates percentage of two kinds of problem for Rel-14 UE receiving.
[bookmark: _Ref481777113]Table 2 The proportion of quantization noise and clipping problem of AGC for Rel-14 UE receiving
	
	R15 UE 20ms period, 20ms latency
	R15 UE 100ms period, 20ms latency

	The proportion of quantization noise problem of AGC for Rel-14 UE receiving
	2.89%
	9.89%

	The proportion of clipping problem of AGC for Rel-14 UE receiving
	3.62%
	7.97%


It can be observed that the proportion of quantization noise and clipping problem of AGC for Rel-14 UE receiving is lower in high density scenarios than in low density scenarios. Even in the low density scenarios, the proportion of quantization noise or clipping problem of AGC for Rel-14 UE receiving is not higher than 10%. The impact of quantization noise and clipping problem of AGC for Rel-14 UE receiving may be not obviously degrade the system performance.
Observation 5: The proportion of quantization noise or clipping problem of AGC for Rel-14 UE receiving is not higher than 10%. 
Proposal 2: To consider if it is worthy for Rel-14 UEs to model additional AGC impact, particularly in high density scenario.
Conclusion
In this contribution, the sTTI mechanism is evaluated. The following observations and proposal are present:
Observations 1: In the high density scenarios, the introduction of sTTI scheme can make both Rel-15 UEs and Rel-14 UEs performance improved and the gain for Rel-15 UE’s PRR from the introduction of sTTI scheme can be significantly increased with the proportion of Rel15 UEs increases. 
Observations 2: In the low density scenarios, the trend of the PRR performance in sTTI is similar with the high density scenarios. When percentage of Rel-15 UE is low, PRR may not show performance gain; but when percentage of Rel-15 UE increases, PRR performance gain is still significant.
Observations 3: Even in the high density scenarios, it can be observed that T1 and T2 can be decreased without obvious deviation of the PRR performance for both Rel-14 and Rel-15 UEs.
Observation 4: At the same PRR performance, STTI Rel-15 UE can achieve additional latency gain.
Proposal 1: sTTI should be applied to Rel-15 UEs, which can provide both PRR and latency gain.
[bookmark: _GoBack]Observation 5: The proportion of quantization noise or clipping problem of AGC for Rel-14 UE receiving is not higher than 10%. 
Proposal 2: To consider if it is worthy for Rel-14 UEs to model additional AGC impact, particularly in high density scenario.
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