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1 Introduction
In the last RAN plenary, Work Item on shortened TTI and processing time for LTE were approved [1]. The detailed objectives are the following:
	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]
For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

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

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

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

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.
The work item should also specify base station and UE core requirements to support the above features [RAN4]


In this WI, there are two approaches for the latency reduction; one is an approach by shortened processing time for 1ms TTI using the legacy physical channel, and the other is an approach by shortened TTI length together with shortened processing time. During the study item on latency reduction, RAN1 had discussed shortened TTI length and evaluated the benefit in terms of the latency [2].
In this contribution, we discuss sPDCCH for shortened TTI for DL transmissions.
2 Discussion
2.1 DCI design for shortened TTI
For the shortened TTI length, DCI design had been discussed during the study item. In the discussion, there were two types of design; a single-level DCI design and a two-level DCI design.
For the single-level DCI, an sPDSCH is scheduled from one sPDCCH or one legacy PDCCH as shown in Figure 1(a). Therefore if DCI contents through the sPDCCH contain the same as ones through the legacy PDCCH, the sPDCCH can schedule the sPDSCH with the same flexibility as the legacy PDCCH. However, if one sPDCCH schedules the sPDSCH one-by-one, the control signal overhead will be considerably increased within each subframe. Although a multi-sTTI scheduling will reduce the control signal overhead, such scheduling may not be suitable for low latency because such sPDSCH should be scheduled from a sPDCCH on the same sTTI.
For the two-level DCI, an sPDSCH is scheduled from two DCIs which are a slow DCI and a fast DCI as shown in Figure 1(b). The slow DCI can be carried on the legacy PDCCH and the fast DCI can be carried on the sPDCCH in the same sTTI for scheduled sPDSCH. Since DCI contents for one sPDSCH scheduling are divided into two DCIs, the control signal overhead will be relaxed compared to the single-level DCI at least in the case of one-by-one scheduling. However, some DCI contents of the slow DCI can be updated once every 1ms when the slow DCI is carried on the legacy PDCCH. Therefore sPDSCH scheduling may be restricted based on the DCI contents contained in the slow DCI.
In Table 1, the Pros/Cons of single-level DCI and two-level DCI designs are summarized. . Regarding the scheduling restriction, although the two-level DCI may restrict sPDSCH scheduling, the restriction can be relaxed if the DCI contents affected for the restriction can be contained in the fast DCI. In addition, the two-level DCI can reduce the control signal overhead compared to the single-level DCI. The overhead will be important especially for 2-symbol sTTI length. Therefore, we prefer to support the two-level DCI design for the shortened TTI. Moreover, the DCI contents for the two-level DCI should be divided taking into account a trade-off between the scheduling restriction and the control signal overhead.
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  (a)                                  (b)
Figure 1: Example of single-level DCI and two-level DCI designs
Table 1: Pros/Cons of single-level DCI and two-level DCI designs
	
	Pros
	Cons

	Single-level DCI
	· sPDSCH can be scheduled with the same flexibility as the legacy PDCCH.
	· Control signal overhead will be increased compared to the two-level DCI.

	Two-level DCI
	· Control signal overhead will be relaxed compared to the single-level DCI.
	· sPDSCH scheduling may be restricted based on the DCI contents contained in the slow DCI.


Proposal 1: The two-level DCI design should be supported for the shortened TTI.
Proposal 2: The DCI contents for the two-level DCI should be divided taking into account a trade-off between the scheduling restriction and the control signal overhead.
3 Conclusion
In this contribution, we discussed sPDCCH for a shortened TTI transmission, where our proposals are summarized as below:
Proposal 1: The two-level DCI design should be supported for the shortened TTI.
Proposal 2: The DCI contents for the two-level DCI should be divided taking into account a trade-off between the scheduling restriction and the control signal overhead.
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