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1 Introduction
In the RAN1 #86 meeting, the following agreements were made for CRS-based sPDCCH transmission:

	Agreements: 

· For CRS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 


In this contribution we discuss the multiplexing between sPDCCH and sPDSCH and give our proposals. 
2. Discussion
In RAN1 #85, it was agreed to support both CRS-based and DMRS-based sPDCCH transmissions. Different opitons for mulitipleing sPDCCH and sPDSCH can be considering, including FDM and FDM/TDM. Here FDM is typically understood such that sPDCCH can be mapped to all symbols of a sTTI, while FDM/TDM would mean that sPDCCH can be mapped to N first symbols of a sTTI. 

Figure 1 shows an example of the FDM and hybrid FDM/TDM approaches for 2-symbols where in the hybrid case only the PRB in the 1st symbol is used for the sPDCCH transmission for 2-symbols sTTI. In the 2nd symbol a DMRS-based sPDSCH can be scheduled for other Rel.14 sTTI terminals with some restrictions on the maximum number of layers. 
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Figure 1: Mulitplexing between sPDCCH and sPDSCH using FDM and hybrid TDM/FDM for sTTIs.
The tradeoffs of the above two multiplexing options have been extensively discussed for LTE ePDCCH design. The benefit of FDM multiplexing over the hybrid FDM/TDM multiplexing are severals: 

· With FDM, at a given ontrol channel capacity, fewer PRB paris are affected since all symbols within a sTTI are utilized. 

· Legacy UEs and sTTI UEs with different sTTI lengths can be less effected as they can not scheduled using a restricted PDSCH. 
· The ability to do frequency domain ICIC of the sPDCCH is relatively larger. 

· In the hybrid mode, the transmission of a DMRS-based sPDSCH in the 2nd symbol for a different UE is limited to one layer in 2-symbols sTTI case, e.g. UL grant is transmitted in the 1st symbol. Consquently, the rank of all RBs the sPDSCH is mapped to will be limited by this since rank can not be different in different part of the sPDSCH transmission. 

· FDM is benefitial for coverage due to potential power boosting. 

Deceased sPDSCH processing time is the main concern of FDM multiplexing scheme. For the 2-symbols sTTI, the reduction in available sPDSCH decoding time with TDM/FDM multiplexing is marginal. In light of benefits of FDM multiplexing listed above, we thus have the following proposal: 

Proposal 1:  For 2-symbols sTTI, multiplexing between sPDSCH and sPDCCH transmission uses FDM.  
For 7-symbols sTTI, it is desirable to transmit a sPDCCH in the first one or two symbols at the beginning of 7-symbols S-TTI to achieve a low latency, as illustrated in FIG.1 (b). FDM-based multiplexing would incur a lose of hunderds of microseconds in processing time, which can significantly increase complexity at the UE side. Therefore, we propose: 
Proposal 2: For 7-symbols sTTI, multiplexing sPDSCH and sPDCCH uses TDM/FDM.   
3. Conclusions
In this contribution, we have provided further views on multiplexing between sPDSCH and sPDCCH. Our proposals are summarized as follows:
Proposal 1:  For 2-symbols sTTI, multiplexing between sPDSCH and sPDCCH transmission uses FDM.  
Proposal 2: For 7-symbols sTTI, multiplexing sPDSCH and sPDCCH uses TDM/FDM.   
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