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1 Introduction
RAN#67 approved a new Release 13 Study Item on Latency reduction techniques for LTE [1]. In the SI, RAN1 should study the TTI shortening and reduced processing times, including the following aspects:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling.
· Backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
In the past RAN2 meetings, the performance of short TTI was evaluated and captured in the draft TR36.881 [2]. As the RAN1 simulation details for short TTI have not been decided, we discuss in this contribution from the RAN1 perspective the evaluation targets, simulation scenarios and simulation assumptions for latency reduction.
2 Discussion
2.1 Evaluation aspectsIn RAN1, TTI shortening is a critical way to reduce latency in order to satisfy the latency requirements of new applications in the future. However, it may also cause lower coverage, higher reference signals overhead and additional control signaling for shorter TTI scheduling. In this section, we evaluated some aspects including latency calculation, HARQ RTT, reference signals, physical layer control signaling and coverage. 
Latency calculation based on TTI and eNB/UE processing time
In current LTE, the TTI length is 1ms for both downlink and uplink and there are 14 symbols in one TTI (for normal cyclic prefix). The one-way latency model of LTE U-plane for a scheduled UE is defined in [3] and shown as following, which includes eNB processing (including frame alignment) time, normal TTI duration, UE processing time and HARQ retransmissions time:  
DUP [ms] = 1.5+ 1 + 1.5+ n*8 = 4 + n*8,
where n is the number of HARQ retransmissions. Within a typical HARQ procedure having 0 or 1 retransmission, the approximate average U-plane latency is given by
DUP,typical [ms] = 4 + p*8,
where p is the error probability of the initial HARQ transmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.
The above latency modelling is based on legacy TTI length. According to the SID [1], TTI length can be reduced to between 0.5ms and one symbol. Meanwhile, if the eNB/UE processing times are not necessarily scaled with the TTI length, the HARQ RTT is not necessarily 8 TTIs. Table 1 shows HARQ RTTs and HARQ process numbers for the given combinations of TTI length and eNB/UE processing time. The marked HARQ RTTs and processed numbers in Table 1 could be considered in the evaluation.
	Description
	TTI=1ms
	TTI=0.5ms
	TTI=~0.2ms

	eNB Processing and UE Processing

(including
frame alignment)
	
	HARQ RTT(ms)
	HARQ processes number
	HARQ RTT(ms)
	HARQ processes number
	HARQ RTT(ms)
	HARQ processes number

	
	3
	8
	8
	7
	14
	6.4
	32

	
	2
	6
	6
	5
	10
	4.4
	22

	
	1.5
	5
	5
	4
	8
	3.4
	17

	
	1
	4
	4
	3
	6
	2.4
	12

	
	0.6
	3.2
	3.2
	2.2
	4.4
	1.6
	8


Table 1 HARQ RTT and HARQ process number for the TTI length and eNB/UE processing time
Proposal 1: For a given TTI, impacts from different eNB/UE processing times (not necessarily scaled with TTI) should be investigated.
Reference signals and physical layer control signalling

Compared to the legacy TTI, the shortened TTI may have larger overhead of reference signals and therefore can decrease the available PDSCH/PUSCH capacity for data transmission. Meanwhile, the positions of the reference signals in a new TTI may result in a different PDSCH/PUSCH performance from the one in legacy TTI. So the impacts of reference signals in short TTI need to be evaluated.
As for scheduling DCI, we should consider the scheduling in legacy TTI with legacy (e)PDCCH and scheduling within each short TTI. The scheduling delay, complexity and overhead associated with the corresponding control signalling may be different, which should be considered in the evaluation. 

Proposal 2: The impacts of reference signals, due to the overheads and locations in short TTI, need to be evaluated.
Proposal 3: Both the scheduling in legacy TTI with legacy (e)PDCCH and scheduling within each short TTI should be considered in the evaluation.
Coverage with short TTI 

The TTI shortening may lead to reduced coverage, potentially due to the reduced reference signal density per TTI and/or reduced total energy collected at receiver for a packet. This impact to coverage can be reflected upon 5% UPT (user perceived throughput) gain, which may possibly turn into negative for some short TTIs [2]. 
Proposal 4: The impact of short TTI to coverage, e.g., 5% UPT, should be evaluated.

2.2 Evaluation scenario and methodologyThe RAN2 simulation results [2] show that short TTI is more suitable for low traffic load and small file size scenario. For higher traffic load, a packet may no longer be scheduled in an immediate TTI, and has to wait for its initial transmission. This would average out the latency benefit offered by short TTI. Similarly, the larger file size could require multiple TTI transmissions for a single packet, and therefore leave the total latency of the whole packet not mainly determined by the latency reduction associated with each single TTI. The suggestion is to run the simulation at least with ITU macro scenario that includes 7 sites and 21 cells in wrap-around. 

Proposal 5: The evaluation focuses on low traffic load and small file size, with the deployment scenarios at least including macro-only scenario.

RAN2 already defined certain parameters for latency reduction evaluation [2]. Additionally, we assume the common simulation parameters as following.
	Parameter
	Assumption

	Simulation time
	20s

	TTI duration
	1, 2, 7 OFDM symbols; 1ms (as baseline)

	System bandwidth
	10 MHz/20MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Macro: Hexagonal grid, 7 sites, 3 cells per site; 
Small cell: if evaluated, follow small cell evaluation methodology.

	UE distribution
	Random distribution; average number of UE per cell: 2/5/10/15 

	Inter-site distance
	500m/200m 

	HARQ RTT
	As in Table 1 

	L1 overhead
	CRS/DMRS/control signaling

	UE mobility
	For fading generation only : 3km/h (baseline), 120km/h

	Reserved OFDM symbol
	0, 1 for legacy PDCCH

	Downlink scheduler
	Proportional fair in time and frequency

	Antenna configuration
	2 Tx/RX (eNB) ; 1 Tx/Rx (UE) 

	Maximum Tx Power of eNodeB
	46 dBm

	UE power class
	23dBm (200mW)

	Channel model
	ITU-UMa/UMi channel model 

	FTP traffic model
	FTP Traffic Model 2 [3]: 
· File size: 0.5 Mbytes/2Mbyte 
· Reading Time: Exponential Distribution, with parameter TBD for specific traffic loads
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Table 2 Simulation parameters
2.3 ConclusionThis contribution discusses the RAN1 evaluation methodologies and simulation scenarios for TTI shortening, and concludes with the following proposals:
Proposal 1: For a given TTI, impacts from different eNB/UE processing times (not necessarily scaled with TTI) should be investigated.
Proposal 2: The impacts of reference signals, due to the overheads and locations in short TTI, need to be evaluated.
Proposal 3: Both the scheduling in legacy TTI with legacy (e)PDCCH and scheduling within each short TTI should be considered in the evaluation.
Proposal 4: The impact of short TTI to coverage, e.g., 5% UPT, should be evaluated.
Proposal 5: The evaluation focuses on low traffic load and small file size, with the deployment scenarios at least including macro-only scenario.
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