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1 Introduction

In the RAN#67 meeting, the Study Item on “Study on Latency reduction techniques for LTE” was approved [1]. For RAN1, TTI shortening and reduced processing times should be studied:
· 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 this contribution, we will analyze different TTI lengths and give our views in terms of performance gain and specification impact.
2 Performance gain of different TTI lengths

In [2], RAN2 has included evaluations for FDD and a preliminary conclusion on potential gains due to latency improvements. Some are listed below:
·  By reducing the TTI length, the network can schedule the UE faster, which reduces the RTT. A reduction in RTT increases the TCP throughput. A reduction of TTI length may also increase the system capacity for small data transmission.
· With reduced TTI length, the processing time may be reduced with a resulting scaling of the RTT and HARQ RTT. Shortening the TTI gives a larger latency reduction effect compared to only shortened processing time(s).
· Shorter TTI can enable quicker HARQ and CSI feedback, which may give faster link adaptation to channel conditions. Gain can be observed for the UE perceived throughput as well as median delay.
Assuming FDD frame structure, a scheduling request with 1 TTI period and the same latency components as that for 1ms TTI (Appendix 1), UL access latency for short D-SR (dedicated SR) is listed as following：
· For 1ms TTI, short D-SR UL Latency is about 17.5ms;
· For 0.5ms TTI, short D-SR UL Latency is about 11ms;
· For 4 or 3-symbol TTI, short D-SR UL Latency is about 8ms;
· For 2-symbol TTI, short D-SR UL Latency is about 7ms;
· For 1-symbol TTI, short D-SR UL Latency is about 6ms.
In [3], 0.5ms TTI, 4 or 3-symbol TTI, 2-symbol TTI and 1-symbol TTI are evaluated for FDD. In the simulation, 21% overhead is assumed for 4 or 3-symbol TTI and 0.5ms TTI, and 30% overhead is assumed for 1 or 2-symbol TTI. According to the results, for 4 or 3-symbol TTI, mean UPT gain exceeds 120% since a reduction in RTT by TTI shortening increases the TCP throughput and short TTI can enable quicker HARQ and CSI feedback. For 1 or 2-symbol TTI, since larger overhead is assumed which will decrease the performance, mean UPT gain only exceeds 80%. In addition, when the TTI length is 0.5ms, mean UPT gain also exceeds 80% which is still considerable.

Observation 1: For 1 or 2-symbol TTI with 30% overhead, mean UPT gain exceeds 80%; for 4 or 3-symbol TTI with 21% overhead, mean UPT gain exceeds 120%; for 0.5ms TTI with 21% overhead, mean UPT gain exceeds 80%.
3 Specification impacts of different TTI lengths
From the view of performance, shorter TTI length provides larger gains. However, shorter TTI length also introduces more standardization efforts. In this section, we will give an initial view on the specification impacts of different TTI lengths.
3.1  0.5ms TTI length
In most of cases, the structures of physical channels and reference signals for 1ms TTI length can be reused. For example, for PUSCH transmission, DMRS can still be in the middle of a slot. For PDSCH transmission, CRS and UE-specific RS can still keep the same pattern.
As discussed in [4], DL and UL control signalings need some improvements. Current DCI is used to schedule 1ms TTI packet data and is carried by PDCCH in slot 0 or EPDCCH across a subframe.With introduction of shortened TTI, PDCCH/EPDCCH enhancement should be considered. Current UCI is mapped to a whole subframe, so how to map UCI on the shortened PUCCH or the shortened PUSCH needs to be studied. 
In addition, UL frequency offset estimation may need some enhancement since there is only one DMRS in a TTI.
3.2 1 or 2-symbol TTI length

If the TTI length is decreased into one symbol or two symbols, current physical layer will be significantly impacted since most of the physical channels and reference signals have to be accommodated within one symbol or two symbols. More specially, a lot of investigations and evaluations need to be performed at least on the following aspects:
· New DCI embedded in the associated 1 or 2-symbol PDSCH;

· DL RS pattern (overhead, supported layer number and channel estimation performance need to be considered);
· For the case of short TTI combined with MIMO, we do not expect huge standardization work.

· UL RS pattern (overhead, supported layer number and channel estimation performance need to be considered);

· for 1-symbol TTI, self-contained RS may be introduced which will break UL single carrier property;
· for 2-symbol TTI, RS will occupy one symbol which will lead to large overhead, so how to reduce RS overhead needs to be studied. 
· New symbol-level PUCCH format (PUCCH performance needs to be considered).
3.3 4 or 3-symbol TTI length
For 4 or 3-symbol TTI, there are 4 TTIs (short TTI) in a subframe. For DL, as shown in Figure 1, a packet data occupies 4 symbols or 3 symbols, which can be transmitted in sTTI0, sTTI1, sTTI2 or sTTI3. For UL, as shown in Figure 2, a data packet occupies 4 symbols, which can be transmitted in sTTI0, sTTI1, sTTI2 or sTTI3.

[image: image1.emf]0



l 6



l 0



l 6



l

F

o

u

r

 

a

n

t

e

n

n

a

 

p

o

r

t

s

0.5ms 0.5ms

Antenna port 0

Antenna port 1

Antenna port 2

Antenna port 3

sTTI 0: 

4 symbols

sTTI 1: 

3 symbols

sTTI 2: 

4 symbols

sTTI 3: 

3 symbols


Figure 1 4 or 3-symbol TTI structure for PDSCH
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Figure 2 4 or 3-symbol TTI structure for UL

Compared to 0.5ms TTI, 4 or 3-symbol TTI has more latency gain and throughput gain. 
Compared to 1 or 2-symbol TTI, 4 or 3-symbol TTI will introduce less standardization efforts.
· In DL, each TTI has self-contained CRS. For two antenna ports, no improvement is needed. For four antenna ports, since CRS for antenna port 2 and CRS for antenna port 3 are not included in sTTI1 and sTTI 3, some enhancements can be considered when channel estimation is limited in a sTTI due to tighter timing constraints. Furthermore, CRS is placed in the first one or two symbols of each sTTI which is beneficial for fast PDCCH decoding and PDSCH demodulation.
· In UL, PUSCH DMRSs are still in the same symbols as that for 1ms TTI which keep the same RS overhead. With DMRS unchanged, PUCCH does not need to be FDMed with DMRS and UL single carrier property can be kept.
· HARQ timing can be defined simply as shown in Figure 3 in FDD. If PDSCH or PUSCH is transmitted in sTTI i of subframe n, HARQ-ACK feedback for PDSCH or PUSCH will be in sTTI i of subframe n+1. 
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Figure 3 HARQ timing for 4 or 3-symbol TTI (FDD)
Observation 2: Among the different TTI lengths,  1 or 2-symbol TTI has most specification impact, 4 or 3-symbol TTI has medium specification impact, and 0.5ms TTI has least specification impact.
4 Other

Short TTI is not suitable for the system with smaller bandwidth.  The shorter the TTI, the larger bandwidth is needed to show the performance gain compared to existing 1ms TTI. For example, if system bandwidth is 6RBs and one CCE occupies 36REs, sPDCCH (PDCCH for short TTI) with CCE aggregation level 1/2/4/8 corresponds to 7%/14%/29%/57% of all REs in a 0.5ms TTI. For shorter than 0.5ms TTI, the percentage of RE occupied by sPDCCH can be larger. In addition, if frequency multiplexing between 1ms TTI and short TTI is supported, it is expected that less than 6 RBs can be available for short TTI when system bandwidth is 6RBs, the percentage of RE occupied by sPDCCH will be even larger. 

Considering larger PDCCH overhead and smaller TBS with lower coding gain, there therefore may be no performance gain and even negative gain introduced by short TTI.
Observation 3: Short TTI is not supported for the system bandwidth smaller than xMhz. FFS on the value of x
5 Conclusion

In this paper, we discuss the specification impacts of different TTI lengths and give our observations:

Observation 1: For 1 or 2-symbol TTI with 30% overhead, mean UPT gain exceeds 80%; for 4 or 3-symbol TTI with 21% overhead, mean UPT gain exceeds 120%; for 0.5ms TTI with 21% overhead, mean UPT gain exceeds 80%.

Observation 2: Among the different TTI lengths,  1 or 2-symbol TTI has most specification impact, 4 or 3-symbol TTI has medium specification impact, and 0.5ms TTI has least specification impact.
Observation 3: Short TTI is not supported for the system bandwidth smaller than xMhz. FFS on the value of x.
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Appendix 1: Short D-SR UL Latency component
The UL access latency for short D-SR is listed in table 1 [2]. 
Table 1 Short D-SR UL Latency component
	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)
	5ms

	Total
	
	12.5TTI+5ms
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