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1 Introduction
It is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH and sPDCCH for FDD at least. In this contribution, we will further discuss the sPDCCH structure for both 2-symbol sTTI and 7-symbol sTTI. In addition, both CRS-based sPDCCH and DMRS-based sPDCCH are discussed.
2 Discussion
In RAN1#85 meeting, it is confirmed that both CRS-based sPDCCH and DMRS-based sPDCCH are supported. However, the detailed sPDCCH structure design is still open especially for 2-symbol sTTI. In the following section, we discuss the sPDCCH structure based on CRS and DMRS for different length sTTI, i.e. 2-symbol sTTI and 7-symbol sTTI.
2.1 sPDCCH structure of 2-symbol sTTI
As the short TTI is shorter than LTE subframe in time domain, the resource elements in a RB is also fewer. For a short TTI consist of 2 OFDM symbol, there are 24 element resources in a RB at most, and in most cases only 12-20 REs are available. Considering the number of resource element in a RB for sTTI is quite small, a simple way is to use RB as the basic element for sPDCCH, such that those complicated REG or CCE definitions may not be necessary. In this case, typically a DCI transmission will require 4 or more RBs in a sTTI, which is flexible to use localized or distributed transmission. Therefore, it is considerable to use the RB as the basic control channel processing unit. 

Similar to the Rel-10 RPDCCH design principle, the control information bits can be mapped on the resource elements in the assigned RBs, in an increasing order of first frequency then time within a RB. For a 2 OFDM symbol length TTI, assuming 4 CRS AP REs and 8 DMRS AP REs are present, i.e. there are 12 resource elements in a RB for a sTTI can be used by sPDCCH. If we assume the DCI content is about 40 bits, then 4 RB may be needed for the DCI transmission. In addition, frequency diversity gain can be obtained if the RBs are frequency separated. 
One advantage of RPDCCH-like structure is the processing procedure is much easier than PDCCH. Another benefit of such design is that the reuse of used resource in sPDCCH region for sPDSCH transmission will be easier as the sPDCCH and sPDSCH uses the same resource granularity, i.e. one RB.

In Rel-10, R-PDCCH can be demodulated by CRS or DMRS. Similar as R-PDCCH, the above sPDCCH can be demodulated by CRS or DMRS.

Proposal 1: For 2-symbol sTTI, RB could be used as the basic control channel unit.

Proposal 2: For 2-symbol sTTI, the R-PDCCH like sPDCCH can be demodulated by CRS or DMRS.

2.2 sPDCCH structure of 7-symbol sTTI
In LTE system, PDCCH consist of one or several CCEs. One CCE consist of 9 REG and there are 4 available REs in a REG. The bits on each of the control channels to be transmitted in a subframe shall be multiplexed and then be scrambled with a cell-specific sequence prior to modulation. The scrambled bits are modulated and then be mapped to layers and precoded, resulting in complex-valued symbols
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, where p is the antenna port number. The complex-valued symbols are divided into quadruplets, such as 
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 is permuted according to a sub-block interleaver resulting in 
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 is mapped to the REGs in an increasing order of first time, then frequency. 
For 7-symbol sTTI based on CRS, it should be possible to reuse PDCCH channel processing to sPDCCH design, including the definition of sREG/sCCE/interleaving/RE mapping and so on. The sPDCCH for the 1st sTTI within a subframe can be transmitted in the legacy PDCCH control region. The sPDCCH for the 2nd slot sTTI can be a copy of the 1st slot, which is the same as the initial partial subframe which is specified in Rel-13 LAA. As a result, the control region in each sTTI should starting from the first OFDM symbol just like PDCCH in LTE system.

Proposal 3: For 7-symbol sTTI in both slots of a subframe, sPDCCH structure reuse PDCCHas much as possible if demodulated based on CRS.
In LTE system, EPDCCH uses one or several ECCEs. One ECCE consist of 4 or 8 EREGs according to the subframe type and the system configuration[2]. There are 16 EREGs, numbered from 0 to 15, per physical resource block pair. All resource elements with number 
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 in that physical resource-block pair constitutes EREG number 
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When the sPDCCH is demodulated by DMRS, two options can be considered. One possible option is that the sREG definition can be made similar to EREG. sPDCCH and sPDSCH are FDMed in the same sTTI. However, considering number of available REs in a RB of a 7-symbol sTTI is much fewer than that of a legacy TTI, it is reasonable to define the sREG in a RB group instead of a single RB. The RB group size may be the same as the PRB bundling size for sPDCCH/sPDSCH demodulation. Then we could number all the resource elements in the RB group and all resource elements with the same number in a RB group constitute a sREG. One example is shown in figure 1. The bandwidth for EPDCCH like sPDCCH processing can be configured by the eNB. The other option is that the sPDCCHs are located in the control region consists of first one or two symbols in the sTTI. The sPDCCH structure of 2-symbol sTTI discuused above can be reused, i.e. RB is used as the basic control channel unit. The rest part in the sTTI is used to transmit DL data. 
In the first optional structure, sPDCCH spans the whole sTTI. Latency is introduced because of sPDCCH cannot be decoded before the end of the sTTI. In the second optional structure, fast decoding of sPDCCH can be achieved. Besides, the second option structure can reduce the processing complexity and make it easier to transmit data with the unused sPDCCH resource. We slightly prefer the second option.
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Figure1: One example of sREG
Proposal 4: For 7-symbol sTTI, sPDCCH can be located on the first one or two symbol in the sTTI and use the same structure as 2-symbol sPDCCH if demodulated based on DMRS.
As agreed in RAN1#85 meeting, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH. How to indicate the unused resources for data transmission has been analyzed in our company contribution.[3]  For CRS-based sPDCCH and sPDSCH, it is straightforward to demodulate both of the channels based on CRS. For DMRS-based sPDCCH and sPDSCH, the DMRS for sPDSCH and sPDCCH should not be shared, but use individual antenna ports.  Separate DMRS for sPDSCH and sPDCCH are required. For example, the DMRS located in the control region is used for sPDCCH demodulation and the DMRS located in the data region is used for sPDSCH demodulation [4].
Proposal 5: For 7-symbol sTTI, two separate DMRS may be necessary when the sPDSCH is mapped to resources that are left unused by sPDCCH in the same slot.
3 Conclusion

In this contribution, sPDCCH structure is further discussed, we have the following proposals:
Proposal 1: For 2-symbol sTTI, RB could be used as the basic control channel unit.
Proposal 2: For 2-symbol sTTI, the R-PDCCH like sPDCCH can be demodulated by CRS or DMRS.

Proposal 3: For 7-symbol sTTI, sPDCCH structure reuse PDCCH as much as possible if demodulated based on CRS.

Proposal 4: For 7-symbol sTTI, sPDCCH can be located on the first one or two symbol in the sTTI and RB can be used as the basic control channel unit if demodulated based on DMRS.

Proposal 5: For 7-symbol sTTI, two separate DMRS may be necessary when the sPDSCH is mapped to resources that are left unused by sPDCCH in the same slot.
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