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1 Introduction

In RAN1 meeting #85, the following agreements regarding sPDCCH design were reached: 
· Confirm the working assumption

· Working Assumption:
· 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 RAN1 meeting #86, it was agreed [1]:

· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH).
In this contribution, design principle and candidate resource mapping methods for DMRS-based sPDCCH are discussed.
2 Design principle of DMRS-based sPDCCH
The agreement that legacy PDCCH can be used to transmit sDCI shall also applied to DMRS-based sPDCCH, i.e the sDCI for the 1st sTTI is carried in legacy PDCCH region, no matter the sPDCCH for the following sTTI is CRS or DMRS based. In addition, common design based on 2-symbol for DMRS-based sPDCCH should be considered for 2-symbol and 1-slot sTTI to facilitate eNB scheduling and UE blind detection. For 1-slot sTTI, place DMRS-based sPDCCH in the first one or two symbols also help to reduce latency. Figure 1 gives the sPDCCH example based on the sTTI structure of {3, 2, 2, 2, 2, 3} for 2-symbol, and 1-slot sTTI.


[image: image1.emf]2-symbol sTTI

sPDSCH

DMRS 

sPDCCH

PDCCH

1-slot sTTI


Figure 1 example of common DMRS-based sPDCCH for 2-symbol sTTI and 1-slot sTTI
Since DMRS-based sPDCCH requires DMRS resource to support sPDCCH demodulation, it is preferred that DMRS-based sPDCCH is configured only for DMRS-based transmission modes so that sPDCCH and sPDSCH may share the same DMRS REs to reduce DMRS overhead. The number of blind decodes for DMRS-based sPDCCH should be limited to the amount of CRS-based sPDCCH for one UE. 
Proposal 1: The following design principles are considered for DMRS-based sPDCCH for sTTI:
· Common design based on 2-symbol for both 2-symbol sTTI and 1-slot sTTI

· sPDCCH and sPDSCH share the same DMRS REs to reduce DMRS overhead
· Number of blind decodes for DMRS-based sPDCCH should be the same as CRS-based sPDCCH
3 Resource mapping of DMRS-based sPDCCH 
There are two kinds of transmission formats for legacy EPDCCH, one is distributed transmission that one ECCE with n EREGs can be distributed over n PRB pairs to achieve frequency diversity gain. The other is localized transmission that EREGs of one ECCE are located in one PRB pair to obtain frequency scheduling gain. Accordingly, two resource mapping methods for DMRS-based sPDCCH are provided. Both distributed and localized resource mapping can be used in normal subframes as well as MBSFN subframes where there is no CRS transmission.
· Distributed resource mapping
The target of distributed resource mapping is to obtain frequency diversity gain, which is similar to CRS-based sPDCCH. In this case, the similar mapping rule of legacy PDCCH could be reused. For example, as shown in Figure 2, sPDCCH region is common to all sTTI UEs and is located in the first symbol to reduce the processing time. Accordingly, a common DMRS port without precoding is 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 is transmitted at the same RE of DMRS based sPDCCH, for example DMRS for sPDCCH and sPDSCH are CDMed with different antenna ports. 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. Note that unused REs in common sPDCCH region shall be used for sPDSCH transmission.
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Figure 2 distributed resource mapping of DMRS-based sPDCCH
In MBSFN subframe, the port for sPDCCH demodulation can also be used for fast CQI measurement and report for sTTI UE. 
· Localized resource mapping

The target of localized resource mapping is to obtain frequency scheduling gain. Therefore, self-contained sPDCCH is preferred so that both sPDCCH and sPDSCH can achieve the beamforming gain. In this case, sPDCCH region for UE blind detection shall be indicated in advance, e.g., configured by RRC or indicated in slow DCI. When eNB are performing sTTI scheduling, the sDCIs are located in the corresponding sPDSCH region. If UL grants are required to be transmitted in the sTTI, they can be placed in the beginning of each scheduled DL grant, as shown in Figure 3. The unused REs in sPDCCH region shall be used for sPDSCH transmission.  
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Figure 3 localized resource mapping of DMRS-based sPDCCH
The DL grant and sPDSCH can share the same DMRS ports, e.g., the port for sPDCCH is port 7 and the ports for sPDSCH are port 7 and 8 for 2-layer transmission. The antenna port for UL grant and DL grant may be different since they are transmitted for different users, therefore, DMRS for UL grant demodulation and DL grant demodulation can be CDMed to reduce DMRS overhead.
Proposal 2: Support distributed resource mapping and localized resource mapping in DMRS-based sPDCCH for sTTI. 
4 Conclusion
In this contribution, design principle and candidate resource mapping methods for DMRS-based sPDCCH are discussed. The following proposals are made:

Proposal 1: The following design principles are considered for DMRS-based sPDCCH for sTTI:
· Common design based on 2-symbol for both 2-symbol sTTI and 1-slot sTTI

· sPDCCH and sPDSCH may share the same DMRS REs to reduce DMRS overhead

· Number of blind decodes for DMRS-based sPDCCH should be the same as CRS-based sPDCCH

Proposal 2: Support distributed resource mapping and localized resource mapping in DMRS-based sPDCCH for sTTI. 
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