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1 Introduction
In RAN1#84, design assumptions for latency reduction techniques were agreed as follows [1].
	Agreements:
· Following design assumptions are considered:

· No shortened TTI spans over subframe boundary

· At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling

· The potential specific impacts for the followings are studied 

· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· UE is expected to receive PDSCH for downlink unicast

· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously

· FFS: The number of supported short TTIs

· If the number of supported short TTIs is more than one,

· The length of short TTI can be variable
· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously

· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit
· TTI length for DL and UL can be different 

Agreements:
· Following design assumptions are used for the study
· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier

· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features


In this contribution, we discuss the channel design for shortened TTI for DL transmissions.
2 Discussion
2.1 sPDCCH design
In the legacy full TTI transmission, DCI via PDCCH/EPDCCH is used for dynamic scheduling in the same subframe in which it is transmitted. In the shortened TTI transmission, however, there should be a certain specification impact in terms of the flexibility of scheduling and latency reduction if the legacy mechanism for dynamic scheduling is readily reused for the shortened TTI transmissions. Therefore, improvement of dynamic scheduling mechanism should be needed. When a shortened TTI transmission is configured, since the number of shortened TTI data transmissions (i.e. sPDSCH) within one subframe may increase compared to the full TTI data transmission (i.e. legacy PDSCH), it is assumed that the number of sPDCCH per subframe accordingly increase. Therefore, the control signalling overhead should be considered for the sPDCCH. Moreover, given the latency reduction, the sPDCCH should be FDMed with the sPDSCH in the same TTI. The design for sPDCCH should be based on EPDCCH taking into account less specification impact.
Proposal 1:

· sPDCCH should be designed based on EPDCCH in order to take advantage of the latency reduction.

2.2 Downlink reference signal
Downlink reference signals used for the existing PDSCH such as CRS and DMRS should be studied for the shortened TTI transmission.
In the CRS design, less specification impact will be expected if the existing CRS can be used for the shortened TTI transmission. Therefore, the CRS-based transmission mode should be supported. However, since the performance of channel estimation fluctuates depending on the resources assigned for the shortened TTI transmission, the performance impact for the shortened TTI case needs to be carefully studied.
For DMRS, when the TTI length is shortened below one slot, it is necessary that DMRS should be studied in order to perform a UE-specific transmission with shortened TTI. Since DMRS-based design can realize flexible transmissions such as beamforming and CoMP, a DMRS-based transmission mode should be supported with the specification impact in mind. Moreover, if sPDCCH is specified based on EPDCCH, it is straightforward that sPDCCH is demodulated by DMRS.
Proposal 2:

· Both CRS and DMRS designs should be studied for the shortened TTI transmission considering the performance impact and specification impact.

3 Conclusion
In this contribution, we discussed the specification impacts in DL for a shortened TTI transmission, where our proposals are summarized as below:
Proposal 1:

· sPDCCH should be designed based on EPDCCH in order to take advantage of the latency reduction.

Proposal 2:

· Both CRS and DMRS designs should be studied for the shortened TTI transmission considering the performance impact and specification impact.
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