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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. 
Theoretically, fast decode could be achieved if the control channel is located at the beginning of the sTTI, e.g. located on the first OFDM symbol within a TTI. However, given that CDM-T DMRS which has two symbol duration is proposed for 2 symbol DL sTTI, the benefit of restricting the PDCCH to be within the 1st symbol is not clear for the DMRS demodulation case. For the CRS demodulation case, the PDCCH can be transmitted in either the 1st OFDM symbol only, or the first two symbols. The PDCCH symbol duration can either be fixed in the specification or RRC configured. For simplicity, it is proposed that PDCCH is mapped to both OFDM symbols for 2 symbol sTTI, which applies for both DMRS and CRS demodulation case.
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.

Proposal 3: For 2-symbol sTTI, the sPDCCH is transmitted in both symbols within a sTTI, for both DMRS and CRS demodulation cases. 
2.2 sPDCCH structure of 7-symbol sTTI
For 7-symbol sTTI, it is reasonable to reuse the sPDCCH structure of 2-symbol sTTI, i.e. RB is used as the basic control channel unit in frequency domain. The rest part in the sTTI is used to transmit DL data. The control region should be located at the beginning of sTTI, in order to acheive fast decoding of sPDCCH. For simplicity, the sPDCCH can be mapped to the first two symbols in a slot and reuses the same sPDCCH structure as 2-symbol sTTI. Both CRS and DMRS can be used for the demodulation.
Proposal 4: For 7-symbol sTTI, sPDCCH can be located on the first two symbols in the sTTI and use the same structure as 2-symbol sPDCCH.
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.
2.3 sPDCCH resource set configuration

In the last meeting, it was agreed that a UE is configured with at least frequency resources by higher layer signaling. More details are agreed as the following [5]:
Agreements:
· One or multiple RB set(s) is configured by higher layer signaling for sPDCCH frequency resource of a UE

· FFS on the number of RB sets for a UE

· FFS on the number of RBs per set
· FFS the number of symbols per RB set

In LTE system, two PRB pair sets are configured for an EPDCCH. Localized or distributed mapping between ECCE and EREG is used. One advantage is that blocking probability can be reduced by having two EPDCCH RB sets. The other merit is the EPDCCH could be transmitted with either localized or distributed mapping for each RB set. At the same time, the UE blind decoding is increased by the introduction of two EPDCCH RB sets. To minimize the increase of blind decoding, UE will not monitor USS in legacy PDCCH region if EPDCCH is configured.  
In the sTTI case, it has been assumed that UE should monitor USS in both legacy PDCCH region in each subframe and sPDCCH in each sTTI, in order to support dynamic switching between sTTI and 1ms TTI.  Thus the UE blind decoding will definitely increased. If multiple RB sets for sPDCCH is defined, the blind decoding is further increased, which has a negative impact to UE processing latency and power consumption.  Furthermore, the main scenario for sTTI operation is low system traffic load, the motivation for sPDCCH blocking reduction is not clear. With one sPDCCH RB set configured, either localized or distributed sPDCCH mapping can still be supported and could be configured by the eNB. 

Proposal 6: One RB set should be configured by higher layer signalling for sPDCCH frequency resource of a UE. 
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 2-symbol sTTI, the sPDCCH is transmitted in both symbols within a sTTI, for both DMRS and CRS demodulation cases.

 Proposal 4: For 7-symbol sTTI, sPDCCH can be located on the first two symbols in the sTTI and use the same structure as 2-symbol sPDCCH.
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.
Proposal 6: One RB set should be configured by higher layer signalling for sPDCCH frequency resource of a UE. 
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