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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 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. The design for doing this could be different for DMRS and CRS based transmissions based sPDCCH.
2.1 Design details for sPDCCH based on CRS-based demodulations

One of the key purposes with the design for a shorter TTI is to allow a shorter processing time in the UE. To facilitate fast reception of this control information, it is proposed to allocate the sPDCCH in an FDM manner within the sTTI, starting from the first symbol of each short TTI. Dependent of the amount of required DCI message the amount of OFDM symbols can vary for the sPDCCH. 

From the link-level results captured in [1], it can be observed that following a PDCCH design for sPDCCH when it is based on CRS demodulation results in a tolerable BLER performance. This indicates that reusing of both coding and encoding chains and CCE definitions from PDCCH is a suitable option. This allows the sPDCCH to gain from frequency diversity, it is also favorable to spread the RE over the short TTI band as much as possible, rather than have them e.g. localized in one end of the band.

Proposal

· For sPDCCH based on CRS based demodulation

· sPDCCH is allocated from the first OFDM symbol in an sTTI.

· The sPDCCH bandwidth covers the whole sTTI bandwidth

· The amount of OFDM symbols allocated for sPDCCH is configured by higher layers or fixed in the specification

· FFS details and down-select between the options

· Map sPDCCH to resource elements as PDCCH, i.e. using CCEs and resource element groups

2.2 Design details for sPDCCH based on DMRS-based demodulations

To get a good design in place for sPDCCH based on DMRS-based demodulations it is beneficial to make some high level design options to consider within the design. 

The first aspect to consider is whether or not to support of CRS- and DMRS-based demodulation of sPDCCH in the same sTTI should be a design goal. 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. The functionality may however not support multiplexing of them in the same sTTI and this is the corresponding question that needs to be addressed. To answer this question there needs to be an understanding of what use case one or the other approach will be used within. 

The main use case for utilising the DMRS based sPDCCH can be if the cell is configured with MBSFN subframe, shared cell and/or FD-MIMO is utilised within cell. These are use cases that are not possible to utilise with CRS based demodulation for sPDCCH and sPDSCH. One aspect to consider however is if there are UEs in the market that only support CRS based demodulation on sPDCCH and not sPDCCH based on DMRS demodulation. The question is whether it is worth the effort to optimise for this design scenario. To do this resource efficiently it would be good if sPDCCH, independent on whether it is CRS or DMRS based, follows the allocation of DMRS in that case; this to minimize the amount of resources used. 

Proposal:

· The design for sPDCCH is not optimised to support coexistence of CRS and DMRS-based demodulation

· Note that the eNB can still operate UEs configured with different control channel demodulation assumptions within the same sTTI. The design may however not support co-scheduling of them in an optimised manner

The second aspect to consider in the design is whether the RS for the sPDCCH can be used for demodulation of sPDSCH. To be able to clarify this point it is important to look into how potentially the sPDCCH would be allocated to resources. 

The first possible high-level design assumption is that the sPDCCH when based on DMRS based demodulation follows an allocation scheme similar to EPDCCH wherein the control channel fills up PRBs in time first within sTTI. If this is done the main gain from reusing the DMRS from sPDCCH to sPDSCH is when utilising the bundling and basically to interpolate the channel estimate. This further requires that the sPDSCH is scheduled on adjacent resources. 

The second possible high-level design assumption is that the sPDCCH is limited to a certain amount of OFDM symbols. A possibility here is to reuse the DMRS pattern and allocate sPDCCH starting from the first OFDM symbols in the sTTI, then allocated out over frequency in a contained manner. It would then be possible to assign sPDSCH to the same PRB as the sPDCCH and for such a case it would be clear merit in reusing the DMRS from sPDCCH to sPDSCH as it will minimize the overhead. Such an approach would generally be beneficial from a performance perspective. It is noted here that the processing time for sPDCCH will be shorter compared to allocating the sPDCCH over all OFDM symbols within the sTTI. Since the main purpose of the sTTI is to reduce the latency it would be good approach to allocate the sPDCCH so that it minimizes the latency to decode it. 

Proposal:
· For sPDCCH based on DMRS based demodulation

· sPDCCH is allocated starting from the first OFDM symbol in an sTTI.

· The design shall allow the DMRS to be shared for demodulation between sPDCCH and sPDSCH

3 Conclusion

In this contribution, we discuss the design of sPDCCH and propose the following:
· For sPDCCH based on CRS based demodulation

· sPDCCH is allocated from the first OFDM symbol in an sTTI.

· The sPDCCH bandwidth covers the whole sTTI bandwidth

· The amount of OFDM symbols allocated for sPDCCH is configured by higher layers or fixed in the specification

· FFS details and down-select between the options

· Map sPDCCH to resource elements as PDCCH, i.e. using CCEs and resource element groups

· The design for sPDCCH is not optimised to support coexistence of CRS and DMRS-based demodulation

· Note that the eNB can still operate UEs configured with different control channel demodulation assumption within the same sTTI. The design may however not support co-scheduling of them in an optimised manner

· For sPDCCH based on DMRS based demodulation

· sPDCCH is allocated starting from the first OFDM symbol in an sTTI.

· The design shall allow the DMRS to be shared for demodulation between sPDCCH and sPDSCH
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