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1.  Introduction
The study item “Study on Latency reduction techniques for LTE” was approved at RAN Plenary #67 [1]. The objective of this study item for RAN1 includes
· 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 last RAN1 meeting, shortened TTI with different length was discussed [2] – [6]. In this contribution, we give our views on the specification impact of shortened TTI.
2. Latency analysis of shortened TTI
The LTE U-plane one way latency in current LTE systems is provided in [7]. The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration for FDD. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:


DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,

where n is the number of HARQ retransmissions. Considering a typical case where there would be 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 first HARQ retransmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.

DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)
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Figure 1: User plane latency for FDD
With reduced TTI, the prcessing time is expected to be reduced linearly proportional to the reduced TTI due to reduced data to be processed and increased process capability. Thus, the U-plane one way latency can be demonstrated as in Figure 1. Considering 10% HARQ BLER, the average U-plane one way latency can be calculated as 
DUP,10%HARQ_BLER [ms] = 4.8x
The average U-plane one way latency for different TTI length (from 1 symbol to 7 symbols) is summarized in Table I. Seen from the table, the average U-plane one way latency can be reduced to 0.34ms at minimum with 1 symbol TTI, but which TTI length should be adopted depends on the service requirements and standardization impact.
Table I: U-plane latency with 10% HARQ BLER for FDD
	TTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	Average U-plane one way latency
	0.34ms
	0.69ms
	1.03ms
	1.37ms
	2.4ms
	4.8ms


Observation 1: The TTI length depends on the service requirements and standardization impact.
3. Discussion on specification impact of shortened TTI
As stated in the SID, backward compatibility shall be preserved. Thus, the existing PSS/SSS, PBCH, PCFICH, PHICH and PDCCH should be kept to support legacy UEs. 
Observation 2: The existing PSS/SSS, PBCH, PCFICH, PHICH and PDCCH should be kept to support legacy UEs.
For downlink reference signal, obviously CRS should be kept to support legacy UEs. CRS based transmission can be reused for slot TTI, but for shorter TTI length, e.g. 1 symbol TTI or 2 symbols TTI, some TTI may not have CRS. In this case, CRS can be used with earlier channel estimation or new reference signal need to be introduced. The former may lead to performance loss, while the latter needs additional standardization efforts. DM-RS is UE specific and only exists in the scheduled PRBs. For slot TTI, the legacy DM-RS pattern can be reused and the overhead can be kept at the same level. However, for shorter TTI length, more DMRS overhead or new DMRS pattern is needed. This overhead issue will be more serious when the TTI length is reduced to 1 symbol or 2 symbols.
Observation 3: Downlink reference signals including CRS and DM-RS can be reused for slot TTI, but for shorter TTI length, CRS and DM-RS need further study. 
For downlink control channel, LTE supports PDCCH using the full system bandwidth and ePDCCH using only a few UE specifically configured PRBs. Legacy PDCCH should be kept for backward compatibility. PDCCH and ePDCCH are designed to schedule PDSCH with 1ms TTI which is not suitable for shortened TTI. For slot TTI, legacy PDCCH can be reused for the first slot, while for the second slot, using legacy PDCCH may lead to extra delay. PDCCH structure like control channel can be designed which occupies the first 1 or 2 symbols of the second slot. But for shorter TTI length, considering DCI overhead, new DCI should be designed. EPDCCH needs to be redesigned in order to schedule the shortened PDSCH for the reduced TTI length. 
Observation 4: For slot TTI, PDCCH can be reused for the first slot, but for shorter TTI length, new DCI should be designed. EPDCCH needs to be redesigned in order to schedule the shortened PDSCH for the reduced TTI length.
Uplink control information (UCI), e.g. ACK/NACK and CSI, is necessary for DL transmission. PUCCH carrying UCI needs to be shortened corresponding to shortened DL TTI. For slot TTI, PUCCH format 1, 1a, 1b, 2, 2a, 2b and 3 can be reused. But for shorter TTI length, new PUCCH format is needed to support shortened PUCCH.

Observation 5: For slot TTI, PUCCH format 1, 1a, 1b, 2, 2a, 2b and 3 can be reused. But for shorter TTI length, new PUCCH format is needed to support shortened PUCCH.

For the shared channel, the shortened TTI and the legacy TTI can be multiplexed in TDM manner, FDM manner or hybrid manner. In TDM manner, PDSCH with shortened TTI and PDSCH with legacy TTI can be transmitted in different time. In FDM manner, PDSCH with shortened TTI and PDSCH with legacy TTI can be transmitted in different PRBs. Hybrid manner with TDM + FDM multiplex can also be considered. In this case, PDSCH with shortened TTI and PDSCH with legacy TTI can dynamically share all subframes and bandwidths. TDM manner may lead to additional latency due to the existence of legacy TTI. So FDM manner and hybrid manner are more reasonable for the multiplex between shortened TTI and legacy TTI.
Observation 6: For the shared channel, the shortened TTI and the legacy TTI can be multiplexed in TDM manner, FDM manner or hybrid manner. FDM manner and hybrid manner are more reasonable for the multiplex between shortened TTI and legacy TTI.
4. Conclusions
In this contribution, the latency with different TTI length is analyzed and the views of the specification impact of shortened TTI are presented. We have following observations.
Observation 1: The TTI length depends on the service requirements and standardization impact.
Observation 2: The existing PSS/SSS, PBCH, PCFICH, PHICH and PDCCH should be kept to support legacy UEs.
Observation 3: Downlink reference signals including CRS and DM-RS can be reused for slot TTI, but for shorter TTI length, CRS and DM-RS need further study. 
Observation 4: For slot TTI, PDCCH can be reused for the first slot, but for shorter TTI length, new DCI should be designed. EPDCCH needs to be redesigned in order to schedule the shortened PDSCH for the reduced TTI length.
Observation 5: For slot TTI, PUCCH format 1, 1a, 1b, 2, 2a, 2b and 3 can be reused. But for shorter TTI length, new PUCCH format is needed to support shortened PUCCH.

Observation 6: For the shared channel, the shortened TTI and the legacy TTI can be multiplexed in TDM manner, FDM manner or hybrid manner. FDM manner and hybrid manner are more reasonable for the multiplex between shortened TTI and legacy TTI.
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