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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. According to [1], specification work for 2-symbol sPDCCH needs to be completed by RAN#76, including both CRS based and DMRS based sPDCCH for FS1.
In the RAN1#85 meeting, the following agreements regarding sPDCCH design were reached [2]: 
· CRS-based sPDCCH is recommended to be supported 

· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 

· DMRS-based sPDCCH is recommended to be supported 

· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 

· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH

· Details are for further study, e.g., FFS whether unused resources is  RB or RE level

In the RAN1#86 meeting, sPDCCH was further discussed and one of the agreements as below was achieved [3]:

· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH).
In this contribution, we mainly discuss DMRS based sPDCCH specific aspects for short TTI. CRS based sPDCCH and common aspects for CRS based and DMRS based sPDCCH are discussed in our companion contribution [4].
2 Discussion on DMRS-based sPDCCH design
This section provides a brief discussion on the main aspects which need to be studied for DMRS based sPDCCH design. Most of the aspects can use similar scheme for CRS based sPDCCH as discussed in [4]..
· sCCE structure for DMRS based sPDCCH 

Two alternatives (Alt. 1 and Alt. 2 as below) of sCCE structure which are similar to the sCCE structures for CRS based sPDCCH as discussed in [4] can be considered for DMRS based sPDCCH. In addition, Alt. 3 as below similar to the ECCE structure for EPDCCH can be considered also. 
Alt. 1: an sCCE consists of S (e.g. 2 or 4) sREGs, wherein an sREG consists of 12 consecutive REs if the sPDCCH is mapped to one symbol and 24 consecutive REs if the sPDCCH is mapped to two symbols. As discussed in [4], both localized sCCE and distributed sCCE can be considered. 
Alt. 2: an sCCE consists of 36 REs without CRS and/or DMRS. This sCCE structure is similar to legacy PDCCH.
Alt. 3: an sCCE consists of REs distributed over S1 consecutive RBs, and REs in one RB can be allocated to multiple sCCEs like the ECCE structure for EPDCCH. The positions of the S1 RBs can be configured by eNB.
· sPDCCH blind decoding 

The number of sPDCCH blind decodes is related to the aggregation level (AL) and the number of sPDCCH candidates for each AL. As discussed in [4], sPDCCH blind decodes in each sTTI should be kept as low as possible, and the number of sPDCCH candidates can be configured by higher layer flexibly based on different situation, e.g. based on UE capability and/or channel quality and/or load. In addition, it is possible that the processing time for DMRS-based sPDCCH is longer than CRS based sPDCCH, e.g. if CDM-T based DMRS pattern as discussed in [5] is used for DMRS based sPDCCH demodulation, then UE cannot start to decode sPDCCH until receiving all the DMRS symbols. One possible way to achieve similar processing time for CRS based sPDCCH and DMRS based sPDCCH is to set less blind decodes for DMRS based sPDCCH if possible. 
· DMRS for sPDCCH demodulation 

Since DMRS-based sPDCCH requires DMRS to support sPDCCH demodulation, it is preferred that DMRS-based sPDCCH is configured only for DMRS-based transmission modes. To reduce DMRS overhead, sharing the same DMRS REs between sPDCCH and sPDSCH can be studied. In addition, sharing the same DMRS REs between sPDCCH and sPDSCH would provide the possibility to transmit sPDCCH and sPDSCH using the same beam.  
· Time domain region for DMRS based sPDCCH 

As discussed in [4], for fast sPDCCH decoding and sPDSCH demodulation, DMRS based sPDCCH should be placed in the front symbol(s) of an sTTI. In addition, time domain region for DMRS based sPDCCH may depend on the DL DMRS design. If CDM-f based DMRS pattern as discussed in [5] is used, then DMRS based sPDCCH would be mapped to one symbol (i.e. the first symbol of an sTTI) for 2-symbol sTTI, while one (i.e. the first symbol) or two (the first two symbols) for 1-slot sTTI. If CDM-T based DMRS pattern as discussed in [5] is used, then DMRS based sPDCCH would be mapped to the first two symbols for both 2-symbol sTTI and 1-slot sTTI. 

Proposal 1: DMRS based sPDCCH is located in the front symbol(s) of an sTTI, and up to 2 symbols would be supported for both 2-symbol sTTI and 1-slot sTTI.
3 Sharing the same DMRS REs between sPDCCH and sPDSCH
As discussed in section 2, sharing the same DMRS REs between sPDCCH and sPDSCH can be studied to reduce the DMRS overhead. This section will discuss some candidate solutions and give some detailed examples for sharing the same DMRS REs between sPDCCH and sPDSCH. An example is as shown in Figure 1, where DMRS based sPDCCH is mapped to the first symbol of a 2-symbol sTTI and the DMRS based sPDCCH monitoring region is common to a group of UEs. In this case, a common DMRS port without precoding can be used for sPDCCH demodulation. To reduce DMRS overhead, for each scheduled UE with DMRS based TMs, the DMRS for sPDSCH demodulation with UE-specific precoding information can be transmitted at the same REs for DMRS for sPDCCH, which can be achieved by sharing the same DMRS REs between sPDCCH DMRS and sPDSCH DMRS in CDM manner, e.g. different antenna ports for sPDCCH and sPDSCH. The DMRS port for sPDCCH is transmitted in the whole sTTI band while the DMRS port(s) for sPDSCH are transmitted only in the sPDSCH bandwidth. 
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Figure 1 Example of sharing DMRS REs between sPDCCH and sPDSCH for 2-symbol sTTI
Another possible example is that if DMRS based sPDCCH is transmitted in localized way, it is possible to use the same DMRS antenna port(s) for both sPDCCH and sPDSCH, which can provide the possibility to transmit both sPDCCH and sPDSCH using the same beam.  Similar scheme can be used for 1-slot sTTI even if the DMRS based sPDCCH is mapped to the first two symbols of a 1-slot sTTI.
Proposal 2: Sharing the same DMRS REs between sPDCCH and sPDSCH can be studied.

4 Conclusion
In this contribution, DMRS-based sPDCCH specific aspects for short TTI are discussed. Based on the above discussion, we have the following proposals:

Proposal 1: DMRS based sPDCCH is located in the front symbol(s) of an sTTI, and up to 2 symbols would be supported for both 2-symbol sTTI and 1-slot sTTI.
Proposal 2: Sharing the same DMRS REs between sPDCCH and sPDSCH can be studied.
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