3GPP TSG RAN WG1 Meeting #89     


           
            R1-1707566
Hangzhou, China 15th – 19th May 2017
______________________________________________________________________Agenda item: 6.2.3.3.3
Source: LG Electronics
Title: Initial evaluation results for Short TTI in PC5 operation
Document for: Discussion and decision
1. Introduction
In RAN1#88bis meeting, the following agreements were made for evaluation and study of Short TTI in PC5 operation.
	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

Agreement:
· The following simulation assumptions and parameters are used in sTTI evaluation:
Parameter
Value
Deployment scenario

Same as Rel-14 deployment scenario. 

Proportion of Rel-14 and Rel-15 UEs 

(Rel-14 UE, Rel-15 UE) = {(50, 50)}. Other options not precluded.  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 (Companies to provide the detailed TTI structure)

Traffic model

Periodic broadcast traffic:

· 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

Companies can bring results for other traffic models and latency.

Resource (re-)selection for Rel-15

Rel-14 resource (re-)selection is used as baseline. Any change to the baseline should focus on incorporating sTTI in resource (re)selection and resource allocation. 

Companies to provide simulation parameters at least including T1/T2. 

Number of transmission(s) per packet

Up to companies with limitation to 2.

TTI Structure

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

· Slot TTI granularity

· Sub-slot TTI granularity (optional)

AGC settling time

Same as Rel-14

Time for Tx/Rx switching

Same as Rel-14

Frequency allocation

· Subframe TTI granularity: 2 PRB SCI format 1

Companies provide details of PRB allocation for PSCCH for sTTI
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

· Other metrics not precluded
· FFS how to model time-selective interference and AGC impact. 

· Notes: 

· The overall evaluation of sTTI can take into account the complexity of Rel-15 UEs including the complexity of receiving a 1ms TTI and sTTI in the same subframe. 

· UE decoding capabilities will be discussed later.


In this contribution, we provide the initial evaluation results for Short TTI in PC5 operation. 
2. Link level evaluation of Short TTI
The following two options are evaluated for Short TTI with slot granularity. To be specific, Option A of Fig.1 can provide more flexibility of TX/RX switching within a subframe compared to that of Rel-14, but it increases the overhead within a subframe. Here, the overhead includes both TX/RX switching time and AGC settling time. In Option B of Fig.2, such overhead can be kept the same as in Rel-14, but it allows only TX or RX within a subframe (i.e., no TX/RX switching within a subframe). In other words, Option B doesn’t provide additional gain in terms of mitigating half-duplex problem, and it requires the mechanism to maintain 1 symbol overhead for AGC settling time within a subframe, e.g., shared AGC approach discussed in RAN1#88bis meeting. In addition, considering that Option B doesn’t have the gap in the first slot, it can become more problematic (or infeasible) unless it resolves handling of distorted symbol.
· Option A:
· Overhead assumption for Short TTI in the first or second slot:

· 1 symbol for AGC settling time, 1 symbol for TX/RX switching time
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Fig.1

· Option B: 
· Overhead assumption for Short TTI in the first slot:

· 1 symbol for AGC settling time 

· Overhead assumption for Short TTI in the second slot:

· 1 symbol for TX/RX switching time
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Fig.2
We performed the simulation in NLOS environment. In this simulation, 6.0GHz carrier frequency, {30km/h, 280km/h} relative speed, {190, 300} bytes message sizes, single transmission per packet and 0 KHz frequency offset are assumed. The remaining details of simulation assumptions are given in Appendix. 
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Fig. 3: Performance comparison under the relative speed 30km/h
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Fig. 4: Performance comparison under the relative speed 280km/h

We can see in Fig. 3 and 4 that “1ms TTI” has the performance gain more than 4dB at 10^-2 BLER compared to “Slot TTI with Option A”. This is because that the overhead portion in “Slot TTI with Option A” is larger than that in “1ms TTI”. It is also observed in Fig. 3 and 4 that “1ms TTI” and “Slot TTI with Option B” show similar performance (at 10^-2 BLER) under the low relative speed 30km/h while the performance difference (at 10^-2 BLER) is more than 1 dB under the high relative speed 280km/h. This can be interpreted that the time diversity gain which can be obtained by “1ms TTI” become larger (than “Slot TTI”) in case of high relative speed. However, it is necessary to have further investigation on finally achievable gain from the system performance perspective by using “Short TTI with Option B”, considering e.g., inter-frequency interference (caused by transient period of “Short TTI”) on the legacy FDMed with “Short TTI”, additional quantization and clipping noise for Rel-14 receivers by Short TTI transmission, etc.
Observation 1: “1ms TTI” has the performance gain more than 4dB at 10^-2 BLER compared to “Slot TTI with Option A”.

Observation 2: “1ms TTI” and “Slot TTI with Option B” show similar performance (at 10^-2 BLER) under the low relative speed 30km/h while the performance difference (at 10^-2 BLER) is more than 1 dB under the high relative speed 280km/h.

Observation 3: It is necessary to have further investigation on finally achievable gain from the system performance perspective by using “Short TTI with Option B”, considering e.g., inter-frequency interference (caused by transient period of “Short TTI”) on the legacy FDMed with “Short TTI”, additional quantization and clipping noise for Rel-14 receivers by Short TTI transmission, etc.

3. Conclusion

This contribution provided the initial evaluation results for Short TTI. Based on the simulation results, the following observations are made:
Observation 1: “1ms TTI” has the performance gain more than 4dB at 10^-2 BLER compared to “Slot TTI with Option A”.

Observation 2: “1ms TTI” and “Slot TTI with Option B” show similar performance (at 10^-2 BLER) under the low relative speed 30km/h while the performance difference (at 10^-2 BLER) is more than 1 dB under the high relative speed 280km/h.

Observation 3: It is necessary to have further investigation on finally achievable gain from the system performance perspective by using “Short TTI with Option B”, considering e.g., inter-frequency interference (caused by transient period of “Short TTI”) on the legacy FDMed with “Short TTI”, additional quantization and clipping noise for Rel-14 receivers by Short TTI transmission, etc.

Appendix
Table: LLS simulation assumptions

	Parameters
	Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	6 GHz

	Channel model
	ITU-R UMi NLOS CDL model with dual mobility

	Antenna configuration
	Tx 1 antenna

Rx 2 antennas

	UE relative speed
	{30, 280} km/h

	Modulation
	QPSK

	TBS of PSSCH
	{190, 300} 

	Frequency allocation
	1ms TTI PSSCH: 15 RBs for 190 bytes, 25 RBs for 300 bytes

Short TTI PSSCH: 30 RBs for 190 bytes, 50 RBs for 300 bytes

	CFO
	0 KHz

	Number of transmission(s) per packet
	1
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