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1 Introduction
In RAN1#83, some initial discussion on TTI shortening and reduced processing times was carried out without conclusion. In this contribution, we show our views on the design of latency reduction.
2 Discussion
2.1 Specification Impact
The following two kinds of shortened TTI lengths were proposed by several companies, i.e. slot-based TTI and N-symbol TTI (N=1\2\3\4). Generally, the latency reduction gain increases with the TTI reducing. In this section, we discuss the different specification impacts caused by slot-based TTI and N-symbol TTI.
1) DL control
Generally, it can be assumed that the eNB needs different scheduling time when the TTI lengths are different. Legacy PDCCH can be used to schedule the first shortened TTI in a DL subframe, provided that the eNB can pack the DCIs used to schedule the PDSCHs with different TTIs into legacy PDCCH.
For slot-based TTI, R-PDCCH structure can be used for DCI transmission. Furthermore, EPDCCH with slight modification on resource mapping (EPDCCH has been supported for TDD DwPTS contains 6 OFDM symbols) can also be used for slot-based TTI.
For N-symbol TTI, a new DL control channel should be designed together with the new DMRS pattern. The physical resource of the new DL control channel should be limited into N-symbol to guarantee the minimum latency.
2) DMRS

The existing DMRS for both DL and UL can be reused for slot-based TTI. Although the loss of channel estimation performance can be expected, considering the target of WI on latency reduction, DMRS enhancement to improve the channel estimation performance may be not necessary.
For N-symbol TTI, new DMRS patterns for both DL and UL need to be designed to estimate channel per TTI. 
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Figure 1: DL DMRS patterns for antenna ports 7, 8, 9 and 10 (normal cyclic prefix)
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Figure 2: DMRS patterns for PUSCH and PUCCH (normal cyclic prefix)
3) PUCCH
For slot-based TTI, the existing PUCCH structures can be reused with modification on resource mapping for PUCCH format 2/3/4/5. However, for N-symbol TTI, the time-domain orthogonalities for PUCCH format 1/1a/1b/3 will be broken. Furthermore, since the DMRS patterns of PUCCH format 2/2a/2b/4/5 may be not usable for N-symbol TTI, new PUCCH structure should be designed for N-symbol TTI.
The specification impacts for slot-based TTI and N-symbol TTI are listed in Table 1.
Table 1: Specification impacts for slot-based TTI and N-symbol TTI
	Specification Impact
	Slot-based TTI
	N-symbol TTI

	DL control channel
	R-PDCCH, or ePDCCH with modifications on resource mapping
	New design with DMRS;

More control overhead

	DMRS
	No change
	New design

	PUCCH
	Modification on resource mapping
	New design


Observation：The specification impacts caused by N-symbol TTI are more significant than slot-based TTI. The tradeoff between specification impacts and performance should be carefully studied.

2.2 Initial access, paging and synchronization
Rel-14 latency reduction should be used only for date transmission after initial access, paging and synchronization. Therefore, we propose that the legacy PSS/SSS, PBCH, SIB, Paging, and the procedure of uplink synchronization should be reused.
Proposal 1: The legacy PSS/SSS, PBCH, SIB, Paging, and the procedure of uplink synchronization should be reused for Rel-14 latency reduction.
2.3 Backward Compatibility
To realize the minimum latency, limitations on time resource for shorten TTI transmission should be avoided. Therefore, normal TTI and shorten TTI should be FDM multiplexed in every subframe, as shown in Figure 3. However, the frequency resources allocated for shorten TTI can be different in the different subframes. The shorten TTI transmission is limited on the resources allocated for shorten TTI. However, the resource allocated for shorten TTI can also be used for normal TTI transmission.
Proposal 2: Shorten TTI should be FDM multiplexing with normal TTI.
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Figure 3: Multiplexing of normal TTI and shorten TTI
2.4 Uplink coverage
When shortened TTI is configured for uplink transmission, the coverage of uplink channels may be reduced, since the total transmit energy is decreased. If the shortened TTI is jointly configured for both DL transmission and UL transmission, the usage of shortened TTI may be limited to the cell center UEs. To extend the usage of shorten TTI at least for DL transmission, we propose that shortened TTI should be separately configured for DL and UL transmission. Therefore, even for cell edge UEs, shortened TTI can be used at least for DL transmission.
Proposal 3: Shortened TTI should be separately configured for DL and UL transmission.
2.5 Transmission efficiency
When multiple services with different latency requirements are supported for one transmission direction, and if the uniform TTI is configured based on the minimum requirement of latency, the transmission efficiency loss will exist, since the overhead of control channel and RS are increased with the reduction of TTI. To improve the transmission efficiency we propose that dynamic switching between normal TTI and at least one shortened TTI is supported for Rel-14 latency reduction. However, the UE is not required to receive multiple PDSCHs or transmit multiple PUSCHs on the same symbol in one component carrier. 

Proposal 4: Dynamic switching between normal TTI and at least one shortened TTI is supported for Rel-14 latency reduction.

· The UE is not required to receive multiple PDSCHs or transmit multiple PUSCHs on the same symbol in one component carrier.
3 Conclusions
In this contribution, we show our views on Rel-14 TTI shortening with the following observation and proposals:
Observation：The specification impacts caused by N-symbol TTI are more significant than slot-based TTI. The tradeoff between specification impacts and performance should be carefully studied.

Proposal 1: The legacy PSS/SSS, PBCH, SIB, Paging, and the procedure of uplink synchronization should be reused for Rel-14 latency reduction.
Proposal 2: Shortened TTI should be FDM multiplexing with normal TTI.
Proposal 3: Shortened TTI should be separately configured for DL and UL transmission.
Proposal 4: Dynamic switching between normal TTI and at least one shortened TTI is supported for Rel-14 latency reduction.

· The UE is not required to receive multiple PDSCHs or transmit multiple PUSCHs on the same symbol in one component carrier.
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