
3GPP TSG RAN Meeting #77		                                                       RP-172003
Sapporo, Japan, September 11 - 14, 2017

Source:	CATT, Huawei
[bookmark: Title]Title:	Clarification on feasibility and gain of short TTI in PC5
[bookmark: Source]Agenda Item:	10.6.5
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In WID [1] of this work item, the following feasibility and gain study is required:
	Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. 
a) A following decision for normative work is up to consensus at RAN.


In RAN1#90 meeting, RAN1 has sent a LS to RAN plenary about feasibility and gain of sTTI in PC5[2], which identifies following observations:
	RAN1 has studied the feasibility and gain of PC5 operation with short TTI (sTTI), assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality. RAN1 has drawn the following observations:

Observation 1: RAN1 observes that when introducing Rel-15 sTTI transmissions into pools with Rel-14 legacy transmissions, Rel-15 V2X UE complexity will be increased by handling two different TTI lengths. 

Observation 2: sTTI deployment impacts the performance of Rel-14 UE transmission. RAN1 has discussed possible solutions to mitigate the impact. No conclusion was reached in RAN1 on whether these solutions can solve the impact on Rel14 performance. 

Observation 3: Introducing sTTI by itself cannot reduce the radio layer latency.

[bookmark: _GoBack]Short TTI reduces transmission time by at most 0.5ms.
Currently, there is no consensus within RAN1 on the benefits of introducing sTTI for V2X UEs based on studies conducted in RAN1 so far


In this contribution, we will further discuss the performance gain of sTTI in PC5, and clarify the observations in the LS from RAN1 to RAN, to support RAN making decision well.
Feasibility and gain of sTTI in PC5
In RAN1 previous meetings, evaluations have been done by a number of companies following the agreed evaluation assumptions and considerations, to study whether sTTI can provide additional performance gain over Rel-14 system while there is not impact to Rel-14 UEs when Rel-15 and Rel-14 UE co-exist in the same resource pools with and without using the same scheduling assignment format.
In [3], the performance gain of sTTI in PC5 are evaluated and provided.The observations from CATT are summarized as following:
· sTTI granularity starts from 0.5ms
· PRR performance of 100% Rel-15 sTTI UE is better than that of 100% Rel-14 TTI UE within the required coverage, if the resource pool is used by Rel-15 UE only or Rel-14 UE only.
· In low and median density scenarios, e.g. highway of 140km/h or 70km/h and 100ms as transmission period of Rel-14 and Rel-15 sTTI UEs(the evaluation results are shown in Figure 1)
· With increase of Rel-15 sTTI UE penetration ratio, PRR performances from Rel-14 and Rel-15 transmission are both improved
· At the same traffic load, when Rel-15 sTTI UE penetration ratio is high enough, PRR performance from Rel-15 sTTI UE transmission is better than Rel-14 PRR perforamnce
· PRR performance from Rel-14 UE transmission is not impacted when sTTI UEs are sharing the same resource pool in the simulated cases, considering realistic AGC/ADC modeling
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Figure 1: PRR performance evaluations for Rel-15 sTTI and Rel-14 TTI

Observation 1: Introducing sTTI in PC5 can provide performance gain.
Clarification of the observations in LS
In this section, we will further clarify the observation in LS from RAN1 to RAN. 
	Observation 1: RAN1 observes that when introducing Rel-15 sTTI transmissions into pools with Rel-14 legacy transmissions, Rel-15 V2X UE complexity will be increased by handling two different TTI lengths. 


From V2X UE aspect, the increased complexity in PC5 sTTI operation is mainly due to the following facts:
· Monitoring both PSCCH in TTI and sPSCCH in sTTI at the same time may increase the UE complexity.
· The UE complexity will be also increased if a UE attempts to decode both PSSCH in TTI and sPSSCH in sTTI at the same time.
Basically, the increased complexity in PC5 sTTI operation could be similar as that in Uu sTTI operation. Since in LTE Uu sTTI design, a UE should monitor both PDCCH and sPDCCH at the same time due to dynamic scheduling between TTI and sTTI. For PDSCH and sPDSCH reception, if the UE has sufficient processing capability, both PDSCH and sPDSCH could be decoded. Otherwise, there is a solution that only sPDSCH is decoded to keep complexity at a reasonable level. 
In V2X, from PSCCH perspective, it depends on design in RAN1, e.g. whether there is always shorten PSCCH transmission. If not, there is not additional complexity because of sPSCCH. If it is the case , the similar principle in Uu could be applied to PC5 operation, i.e. if UE has sufficient processing capability, PSCCH, sPSCCH, PSSCH and sPSSCH could be decoded. 
Observation 2: The increased complexity in PC5 sTTI operation is less or similar as that in Uu sTTI operation.
	bservation 2: sTTI deployment impacts the performance of Rel-14 UE transmission. RAN1 has discussed possible solutions to mitigate the impact. No conclusion was reached in RAN1 on whether these solutions can solve the impact on Rel14 performance. 


In case of sTTI UEs in Rel-15 UEs co-existing in the same resource pools with TTI UEs in Rel-14 UEs, there are some potential solutions to mitigate the impacts of Rel-14 UE performance:
· The impacts can be mitigated at least by eNB scheduling (in mode 3 operation). 
In mode 3 operation, the transmission resource in PC5 is scheduled by eNB. Therefore, eNB can separate the resources used for Rel-14 TTI transmission and Rel-15 sTTI transmission in the same resource pool. In this case, it is similar as the case that the resource pool is used by Rel-15 UE only and Rel-14 UE only. The performance gain has been shown in Figure 1, where the PRR performance of 100% Rel-15 sTTI UE is better than that of 100% Rel-14 UE within the required coverage while there is no impact to Rel-14 UEs. 
· The impacts could be also mitigated by sensing procedure in low density scenario
In Rel-14 sensing procedure, after the procedure of excluding the resource reserved by other UE, a transmission UE need further select the candidate resource based on the linear average of S-RSSI measured in given sub-channels. If sTTI are employment in low density scenario, the candidate resources are sufficient. Even the S-RSSI measurement is not that accurate in a subframe with sTTI transmission, the resource with sTTI transmission could be also excluded in Rel-14 candidate resource by S-RSSI measurement. Again, performance then is similar as the case where Rel-15 UE only and Rel-14 UE only.
Observation 3: The impacts to Rel-14 UE performance due to introducing sTTI in PC5 can be mitigated at least by eNB scheduling and in low density scenario.

	Observation 3: Introducing sTTI by itself cannot reduce the radio layer latency.


In Rel-14 V2X resource selection, the resource selection window is within the time interval of [n+T1, n+T2]. After the resource excluding procedure within the resource selection window, the transmission resource is random selected from the candidate resource. Therefore, introducing sTTI by itself cannot reduce the maximum, since the resource selection is determined by [n+T1, n+T2].
However, sTTI can reduce the minimum latency with some potential enhancements, which will be beneficial of some traffic with extreme low latency requirement, particularly for the case that transmission must be done once data is arrived.
Observation 4: Introducing sTTI in PC5 can reduce the minimum latency with some potential enhancements, which will be beneficial of some traffic with extreme low latency requirement.
Conclusion
In this contribution, we further discuss the performance gain of sTTI in PC5, and clarify the observations in the LS from RAN1 to RAN. Especially, we have following observations and proposal:
Observation 1: Introducing sTTI in PC5 can provide performance gain.
Observation 2: The increased complexity in PC5 sTTI operation is less or similar as that in Uu sTTI operation.
Observation 3: The impacts to Rel-14 UE performance due to introducing sTTI in PC5 can be mitigated at least by eNB scheduling and in low density scenario.
Observation 4: Introducing sTTI in PC5 can reduce the minimum latency with some potential enhancements, which will be beneficial of some traffic with extreme low latency requirement.

Proposal: Suggest RAN to consider above clarifications and observations when making a decision about sTTI in PC5
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Appendix
The evaluation assumption about the Figure 1 are shown in 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-14 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

	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. 

	Time for Tx/Rx switching
	

	Frequency allocation
	· Rel-14:
· 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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