3GPP TSG RAN WG1 Meeting #86
R1-167147 
Gothenburg, Sweden, 22nd - 26th August 2016
Agenda Item:
7.2.12.1
Source:
Huawei, HiSilicon

Title:
Performance evaluation of short TTI vs. 1ms TTI with processing time reduction
Document for:
Discussion and decision 

1 Introduction

In RAN#72 meeting, the detailed objectives of processing time reduction for 1ms TTI are as follows[1]. 
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]

· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 

· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]

This contribution evaluates the performance of short TTI and 1ms TTI with processing time reduction. 
2 Performance evaluation
In the evaluation, user plane latency is assumed to be the time between UL grant and UL data, between DL data and corresponding HARQ, or between UL data and corresponding HARQ. The HARQ RTT is twice of the user plane latency. For all the evaluation in this contribution, it is assumed that there is no restriction on the maximum TBS supported.
Table 1. Simulation case illustrate
	
	Comments

	n+4 2os TTI
	User plane latency is 8/14ms for 2-symbol TTI operation

	n+1 14os TTI
	User plane latency is 1ms for 14-symbol TTI operation

	n+2 14os TTI
	User plane latency is 2ms for 14-symbol TTI operation

	n+3 14os TTI
	User plane latency is 3ms for 14-symbol TTI operation

	n+4 14os TTI
	User plane latency is 4ms for 14-symbol TTI operation


Figure 1 and Figure 2 illustrate the mean UPT gain of 2-symbol TTI and 14-symbol TTI with reduced processing time over legacy 14-symbol TTI operation. The detailed evaluation assumptions are included in the appendix. 
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Figure 1. Mean UPT in 10MHz system
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Figure 2. Mean UPT in 20MHz system
From Figure 1 and Figure 2, there are the following observations:

Observation 1: 14-symbol TTI with reduced processing time has following gains when there is no restriction on the maximum supported TBS: 
· 1%~8% for latency of n+3, 11%~20% for latency of n+2, 10%~30% gain for latency of n+1 over legacy operation in 10M bandwidth.
· 5%~15% for latency of  n+3, 7%~30% for latency of n+2, 13%~46% gain for latency of n+1 over legacy operation in 20M bandwidth.
Observation 2: 2-symbol TTI has larger gain than 14-symbol TTI with reduced processing time.
It seems that UPT gain increases with the user plane latency decreases. This is because shorten user plane latency can accelerate the HARQ RTT and TCP ACK faster than legacy TTI. 

Proposal 1: 2-symbol TTI is preferred for latency reduction.
3 Conclusion 
In this contribution, it evaluates the performance of short TTI and 1ms TTI with processing time reduction, the following observations and proposal are given:
Observation 1: 14-symbol TTI with reduced processing time has following gains when there is no restriction on the maximum supported TBS: 

· 1%~8% for latency of n+3, 11%~20% for latency of n+2, 10%~30% gain for latency of n+1 over legacy operation in 10M bandwidth.
· 5%~15% for latency of  n+3, 7%~30% for latency of n+2, 13%~46% gain for latency of n+1 over legacy operation in 20M bandwidth.
Observation 2: 2-symbol TTI has larger gain than 14-symbol TTI with reduced processing time.

Proposal 1: 2-symbol TTI is preferred for latency reduction.
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Annex A

Table 2. Simulation assumptions
	Parameter
	Values used for evaluation

	Layout
	19 Macro eNBs can be used, 3 sectors per site; 

	System bandwidth per carrier 
	10MHz/20MHz 

	Carrier frequency 
	2GHz 

	Inter-site distance 
	500m 

	Total BS TX power (Ptotal per carrier) 
	46dBm 

	TTI length 
	2/ /14 symbols; 

	Fast UL Access schemes 
	No

	RS and control signaling overhead 
	Average overhead is in the simulation time.

10MHz : 21.43% (14 symbols), 31.71% (2 symbols)
20MHz : 14.29% (14 symbols), 19.43% (2 symbols)

	TBS determination 
	Scalable with TTI length as baseline 

	HARQ RTT 
	Scalable with TTI length as baseline;

	Scheduler 
	Proportional fairness 

	Distance-dependent path loss 
	ITU UMa[referring to Table B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE 

	Penetration 
	For outdoor UEs: 0dB 

	Shadowing 
	For indoor UEs: 20dB+0.5din (din: independent uniform random value between [ 0, min(25,d) ] for each link) 

	Antenna pattern 
	3D, referring to TR36.819 

	Antenna Height: 
	25m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE 
	ITU UMa according to Table A.1-1 of 36.819 

	Antenna configuration 
	2Tx(eNB), 2Rx(UE), Cross-polarized 

	Number of UEs 
	10 UEs per macro cell for FTP model 3 

	UE dropping 
	Randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor. 

	Traffic model 
	FTP model 3 

File size [100kbits, 100kB, 500kB] 

RU [20%, 60%] 

	CSI report period 
	5 TTIs 

	CSI measurement resource
	CSI report period timing - 4TTIs 

	TCP models
	TCP Reno model (RFC 2581)
 - SSThresh 65535 Bytes
 - Initial window size 1460 Bytes
 - Max segment size 1460 Bytes

40 Bytes TCP header are added to the initial window size and max segment size

The three way handshake is not modeled.

TCP ACK feedback modeling is based on real scheduling in Table 4

	UE receiver
	MMSE-IRC; 

	eNB noise figure 
	5dB 

	UL antenna configuration 
	2Rx(eNB), 1Tx(UE) 

	UE noise figure
	9dB

	UE speed
	3km/h 

	Duplex mode 
	FDD 

	Network synchronization
	Synchronized

	Core, transport and internet network delay
	0ms 

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput
Mean, 5%, 50% and 95% user packet delay
· User perceived throughput (UPT) is the average of all its file throughputs 

· File throughput = file size/time needed to download the file 

· Time needed to download the file starts when the packet is generated, and ends when the last bit of the packet is correctly delivered to the receiver, the network delay (core, transport and internet network delay) is included here 
· User packet delay is the average of all its file delays

· File delay is the time needed to download the file as described above

· Unfinished files are not incorporated in the UPT and user packet delay calculation. 


Annex B
As discussed in [3], TTI shortening evaluation mainly focuses on the FTP and TCP applications. TCP and FTP traffic model is shown as below.
a) The delay model is built by core network (CN) delay, HARQ RTT, SR/grant, BSR and TCP ACK delay as shown in Table 3. 
b) There is no additional delay between UE physical layer and UE higher layer. 
c) TCP model assumes real uplink transmission. TCP ACK performance is based on PUSCH performance. Hence, the PUSCH with TCP ACK is not always correctly transmitted to the App server in our simulation.
d) UL transmission uses the same TTI length with DL transmission.

e) FTP file transmission time is defined from the FTP file generation to UE correctly receives the last bit of the file, thus the time of UE sends the last TCP-ACK packet or the last HARQ-ACKs isn’t included.
f) Persist Timer for a TCP connection is set to1 second in our simulation 错误!未找到引用源。.
Table 3: TCP and FTP model

	Parameter
	Assumption

	Initial window size
	1460 Bytes

	MSS
	1460 Bytes

	TCP/IP overhead
	40 Bytes

	SSThresh
	65535 Bytes

	FTP traffic model
	Model 3 (described in 36.814)

	File size / 

arrival rate λ
	12.5 KB (100kbits) , 100KB, 500KB
Arrival rate λ is determined by the same amount of traffic in simulation time

	Persist Timer
	1 second

	three way handshake
	No.

	FTP file transmission time
	from the FTP file generation to UE correctly receives the last bit of the file, thus the time of UE sends the last TCP-ACK packet or the last HARQ-ACKs isn’t included


Table 4. Short D-SR UL Latency component [2]
	Component
	Description
	Time

	1
	Average waiting time for PUCCH (1 TTI SR period)
	0.5 * TTI

	2
	UE sends Scheduling Request (SR) on PUCCH
	1 * TTI

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3 * TTI

	4
	Transmission of Scheduling Grant
	1 * TTI

	5
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * TTI

	6
	Transmission of UL data
	1 * TTI

	7
	Data decoding and processing in eNodeB
	3 * TTI

	8
	Backhaul(CN/Internet) transmission (to App server)
	CN delay

	Total
	
	12.5TTI+ CN delay


