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1. [bookmark: _Ref298777854]Introduction
In this contribution, we provide our views on the physical layer design for TTI shortening for downlink transmissions. We describe how to extend the design PDCCH channel operating in a short TTI, i.e. sPDCCH. 
1. Discussion
The packet latency can be reduced with a reduction of transport time of data and control by addressing the length of a TTI. The length of TTI has an impact on both the time for transmitting over the air and the processing time at the transmitter and the receiver. The length of a downlink TTI can be reduced, as compared to the 1ms subframe in LTE pre-Release 14, by defining the TTI to be constructed of less than 14 OFDM symbols. In downlink, the shortened TTI spans from 0.5ms down to 1 OFDM symbol.
For the DL short TTI (sTTI) it is important to enable fast scheduling to reach the lowest latencies, as discussed in [1]. It is proposed that the fast scheduling is done in a short PDCCH channel (sPDCCH) inside the allocation for sTTI transmissions, the DL short TTI band. As discussed in [4], new DCI formats for DL and UL scheduling information should be defined, with DCI payloads in the order of 30-50 bits including CRC.
Short PDCCH design
As discussed in [5], the downlink control signaling could be separated into slow and fast DCIs. The slow DCIs give e.g. the frequency allocation of a short TTI band, targeted to one or many UEs, and the fast DCI provides scheduling grants to individual UEs in the short TTI band. In order to work without requiring CRS transmissions, sPDCCH can be designed based on DMRS demodulation.
1. [bookmark: _Toc447282184][bookmark: _Toc447282194][bookmark: _Toc447282214][bookmark: _Toc447282230][bookmark: _Toc447282235]To support short TTIs with both CRS-based demodulation as well as without dependence on CRS, two different sPDCCH schemes, one CRS-based and one DMRS-based, will be designed, similarly as PDCCH vs EPDCCH.

CRS based sPDCCH
In order to schedule DL and UL transmissions with short delays, it is proposed that each short TTI in DL can carry an sPDCCH. To facilitate fast reception of this control information, it is proposed to include it in the first symbol of each short TTI. To facilitate reuse of both coding and encoding chains, the sPDCCH is proposed to be designed in a similar way as the PDCCH, with aggregation levels of a certain number of CCEs, where each CCE occupies 36 RE. Similarly to PDCCH, the setup simulated in this paper is to have sPDCCH demodulated using CRS. 
1. [bookmark: _Toc447282185][bookmark: _Toc447282195][bookmark: _Toc447282215][bookmark: _Toc447282231][bookmark: _Toc447282236]The sPDCCH can be transmitted in first symbol of every short TTI, using rest of resources for data.
The RE used for the one or more CCEs are placed in the first symbol of each TTI, within the same frequency resources as assigned to the short PDSCH, which is configured by a slow grant. The exact location of the RE needs to be placed on RE not occupied by e.g. CRS. To gain from frequency diversity, it is also favorable to spread the RE over the short TTI band as much as possible, rather than have them e.g. localized in one end of the band. Using a mapping similar to PDCCH will fulfill both these properties. In [4], this sPDCCH scheme is evaluated.
1. [bookmark: _Toc447282186][bookmark: _Toc447282196][bookmark: _Toc447282216][bookmark: _Toc447282232][bookmark: _Toc447282237]Map sPDCCH to resource elements similarly as PDCCH, using CCEs and resource element groups, to improve frequency diversity. 

DMRS based sPDCCH
Since more than one UE may receive control information in the same short TTI (e.g. one UE gets UL and the other UE gets DL scheduling), the sPDCCH can be transmitted with dedicated DMRS, that are used only for control channel demodulation. Additionally, in order to limit the latency due to control channel decoding, it is preferable if a DMRS based sPDCCH does not cover the full TTI length, on contrary to e.g. the EPDCCH which occupies a full (subframe-length) TTI.
To enable demodulation of the sPDCCH, the sPDCCH can be assigned dedicated DMRS pairs, used for a sPDCCH length of 2 symbols, independent of TTI length. For TTI lengths longer than 2 symbols, the remainder of the TTI (from the third symbol up to the end of the TTI) is used for data, with UE-specific DMRS sent in the data part. See Figure 3. For the case with 3-symbols TTI, it is for further study whether the sPDCCH then should be extended to cover the full TTI, or if the last single symbol should be used for data.


[bookmark: _Ref447100333]Figure 3. 7-symbols TTI where the first 2 symbols are used for sPDCCH. The sPDCCH part and the PDSCH parts each have three individual DMRS pairs.


1. [bookmark: _Toc447282187][bookmark: _Toc447282197][bookmark: _Toc447282217][bookmark: _Toc447282233][bookmark: _Toc447282238]Use a 2-symbol sPDCCH with dedicated DMRS for a number of PRBs, and use the rest of the TTI for data.

1. Summary
In this contribution we discussed our views on the physical layer design for short TTIs in downlink transmissions. The above discussion is summarized with the following proposals:
Proposal 1	To support short TTIs with both CRS-based demodulation as well as without dependence on CRS, two different sPDCCH schemes, one CRS-based and one DMRS-based, will be designed, similarly as PDCCH vs EPDCCH.
Proposal 2	The sPDCCH can be transmitted in first symbol of every short TTI, using rest of resources for data.
Proposal 3	Map sPDCCH to resource elements similarly as PDCCH, using CCEs and resource element groups, to improve frequency diversity. 
Proposal 4	Use a 2-symbol sPDCCH with dedicated DMRS for a number of PRBs, and use the rest of the TTI for data.
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