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1 Introduction

The TR [1] has the following conclusions related to sPDCCH:
A specific DL control channel sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI. Each short TTI on DL may contain sPDCCH decoding candidates. From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH. CRS-based sPDCCH is recommended to be supported. DMRS-based sPDCCH is recommended to be supported.

In RAN1#86 the following was agreed in [2]:

· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .
· QPSK is used for sPDCCH.
· Tail biting convolutional coding is used for sPDCCH.
· 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 further outline how the sPDCCH physical layer mapping is performed per sTTI based on these recommendations. 
2 Discussion
During the SI it was concluded to support both CRS and DMRS based transmission of sPDCCH. Although the designs for doing this could be different for DMRS and CRS based transmissions based sPDCCH, it is desirable to analyse whether a common design for DMRS and CRS-based sPDCCH is feasible.
2.1.1 CRS and DMRS operation in the same sTTI

To allow more efficient resource usage, resource elements of a PRB in a given sTTI may be shared between sPDCCH of different UEs. An aspect to consider is whether or not UEs with CRS- and DMRS-based demodulation of sPDCCH can share the same PRB in the same sTTI. From the eNB perspective it will always be possible to configure one UE to operate with CRS-based demodulation and second UE to operate with DM-RS based demodulation on sPDCCH. These UEs can have their sPDCCH sent in the same TTI but it may not be resource-efficient for CRS-based users and DMRS-based users to have their sPDCCH in the same PRB. Indeed, these users have different overhead and thus see a different number of usable resource elements in a PRB for sPDCCH or sPDSCH. Using the same PRB for sPDCCH candidates of CRS and DMRS users makes the utilization of resources left unused by sPDCCH for sPDSCH more complicated. The design can be simplified if a PRB is shared between users with the same demodulation method, i.e. only between users with CRS based demodulation, or only between users with DMRS based demodulation. However, PRB sharing between CRS and DMRS UE is not carried out for sPDCCH. 

Proposal 1 The eNB shall be able to operate UEs configured with different control channel demodulation assumptions within the same sTTI. 
Proposal 2 Sharing of resources within a PRB can be done between UEs operating with CRS, and between UEs operating with DMRS based demodulation.
Proposal 3 The design for sPDCCH is not optimized to support coexistence of UEs using CRS-based demodulation and UEs using DMRS-based demodulation in the same PRB. 
2.1.2 Time- and frequency location of sPDCCH
One of the key purposes with the design for a shorter TTI is to allow a shorter processing time in the UE. As agreed in RAN1#86 [2], the CRS-based sPDCCH is transmitted from the first OFDM symbol within an sTTI. Depending on the number of traffic load for sTTI operation, the amount of required DCI message varies and more than one OFDM symbols may be needed for sPDCCH. It may thus be desirable for the eNB to configure the number of symbols used for sPDCCH. Candidate sPDCCH sizes are 1 or 2 OFDM symbols.
For CRS, 1 OFDM symbol has the advantage of early decoding for 2os sTTI, while 2 OFDM symbol can be configured for slot TTI, or as an alternative 2os sTTI configuration.

For DMRS with 2os sTTI, assuming a design based on DMRS pairs in time domain as in legacy LTE, a 2 symbols sPDCCH is preferred, since UEs need anyway to wait for the end of sTTI for channel estimation. In that case DMRS is thus not shared between sPDCCH and sPDSCH in a given PRB of the sTTI. This gives more freedom for applying beamforming for sPDCCH. 
For DMRS with 1-slot sTTI, a 2 symbols sPDCCH is suitable. Separate DMRS for 1-slot TTI is preferred to be able to do channel estimation for sPDCCH and early sPDCCH decoding.
If Proposal 2 is agreed as a principle, all REs of a PRB in a given sTTI can be used for sPDCCH at the exception of:
· The REs used by the cell configured CRS

· The REs used by the cell configured non-zero power and zero power CSI-RS

· The REs used by the (UE-specific) DMRS known to this UE

A UE using CRS-based demodulation will see more REs usable for sPDCCH than a UE using DMRS-based demodulation.

The REs of a PRB in a given OFDM symbol of the sTTI can build one or more sREG. The number of REs in a sREG may be variable depending on the presence of the above mentioned signals. The eNB should carefully select an appropriate aggregation level based on the presence of other signals in a given sTTI.
Observation 1 The number of usable REs within one sREG may be different depending on the presence of reference signals within the sTTI.
To both be able to support good frequency diversity, or a more localized placement, support should be added both for localized and distributed placement of sREGs building up the same sCCE.
Localized: sREGs building the same sCCE can be localized in frequency domain to allow for a sPDCCH resource allocation confined in a limited frequency band. This facilitates the use of beamforming for DMRS-based sPDCCH.
Distributed: A distributed sREG location can be used to allow for frequency diversity gains. In this case several UEs can have the sREG of their sPDCCH mapped to the same PRB on different REs. Distributing over a wide frequency range also more easily makes the sPDCCH fit into one single symbol, if desired. For UEs with DMRS based demodulation, user-specific beamforming is not recommended with distributed sCCE locations.
Proposal 4 Both distributed and localized sREGs location of the same sCCE should be supported

Proposal 5 The choice of whether to use distributed or localized sREGs location should be configurable by the eNB

3 Conclusion

In this contribution, we discuss the design of sPDCCH and have the following observation:
Observation 2 The number of usable REs within one sREG may be different depending on the presence of reference signals within the sTTI.
Based on the discussion in section 2 we propose the following:
Proposal 6 The eNB shall be able to operate UEs configured with different control channel demodulation assumptions within the same sTTI. 

Proposal 7 Sharing of resources within a PRB can be done between UEs operating with CRS, and between UEs operating with DMRS based demodulation.

Proposal 8 The design for sPDCCH is not optimized to support coexistence of UEs using CRS-based demodulation and UEs using DMRS-based demodulation in the same PRB. 

Proposal 9 Both distributed and localized sREGs location of the same sCCE should be supported

Proposal 10 The choice of whether to use distributed or localized sREGs location should be configurable by the eNB
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