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1. Introduction

In RAN1#89 meeting, following agreements were made on DL sTTI. [1]:

	Agreement:

· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH

· A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG

· FFS definition of localized mapping

· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.

· One sPDCCH candidate is contained within one RB set

· SFBC is supported for CRS-based sPDCCH

· FFS number of antenna ports

· Single port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

· FFS if two port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

· A sPDCCH RB set can be configured with at least the following information:

· A set of RBs 

· EPDCCH PRB allocation is reused

· Transmission scheme (e.g., CRS-based or DMRS-based)

· FFS: Dependent on subframe type

· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)

· FFS: Localized or distributed sPDCCH candidate to sCCE mapping

· Number of sPDCCH candidates/aggregation levels of the RB set

· FFS: Same or different sPDCCH candidates for different sTTI index

· Number of symbols for sPDCCH duration at least in case of CRS-based transmission

· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission

· FFS: other information (if needed)

· The number of OFDM symbols per RB set for DMRS based sPDCCH for 1-slot sTTI is 2

· The number of OFDM symbols for DMRS based sPDCCH for 2/3-symbol sTTI is

· 2 for 2-symbol sTTI#1,2,3,4

· FFS: 3 for 3-symbol sTTI#1 and #5

· FFS: sTTI#0


Based on these agreements, we discuss some issues related to sPDCCH design for shortened TTI in this contribution.
2. Discussion
2.1. Definition of sCCE
In previous meetings, it was agreed that a sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to both CRS-based and DMRS-based sPDCCH. Then, the number of sREGs per sCCE needs to be defined. A sCCE consists of multiple sREGs in time/frequency domain, however, the existence of CRS and/or DMRS affects the number of available REs at each symbol. For example, in CRS-based sPDCCH, the number of available REs is different between 8 and 12 according to whether the CRS exists (assuming at least two ports). Furthermore, when DM-RS and/or CSI-RS are present depending on configurations, the number of available REs at each sREG can vary further. Assuming sDCI size is similar to LTE DCI sizes, it is considerable to assume that code rate design targets about 36 available REs. For CRS-based sPDCCH, this can correspond to about 4 REGs in CRS symbol and 3 REGs in non-CRS symbol. With DM-RS, it becomes about 4 REGs in every symbol assuming no CRS or CSI-RS. To handle variable number of available REs depending on configurations, two approaches can be considered. First approach is to vary the number of REGs per CCE based on configuration. For example, 3 sREGs can construct one sCCE in non-CRS symbol whereas 4 REGs can construct one sCCE in CRS symbol for CRS-based sPDCCH. This approach, however, needs to handle multiple cases such as CRS + DM-RS, DM-RS + CSI-RS, CSI-RS, etc. Thus, it can complicate the overall design of sPDCCH. Another approach is to assume a fixed sREGs per sCCE where appropriate code rate can be achieved by adapting aggregation levels similar to ePDCCH handling. If the number of available REs in a sCCE is less than a predetermined criterion for a certain sTTI (e.g., less than 24 REs), a different table for the aggregation level of sCCE can be applied in that sTTI. Further study is needed to determine the criterion considering the size of sDCI and the code rate. Moreover, it is worthwhile to note that time-first mapping of sREG would normalize the imbalance of the available REs in each symbol when the control region spans multiple symbols. 

Proposal 1: sCCE can be composed of four sREGs, which is common to CRS-based and DMRS-based sPDCCH regardless of the symbol in which sREG is transmitted.

Proposal 2: Depending on the number of available REs in an sCCE, the candidates of aggregation level can be determined.
2.2. sREG-to-sCCE mapping

In RAN1 #89 meeting, an agreement was made with regard to the mapping of sCCE to sREG, and both localized and distributed sREG mapping for sCCE construction are supported for CRS-based sPDCCH RB set. The definition of localized mapping remains as FFS. With localized mapping, sREGs would be contiguously located in physical domain of RB set without interleaving. For the case of distributed mapping, the physical location of sREGs would be interleaved within RB set. Time-first mapping can be applied to both localized and distributed mapping in CRS-based sPDCCH for better multiplexing between control and data, and normalizing the imbalance of the available REs in each symbol.
Proposal 3: Time-first sREG mapping can be applied to both localized and distributed mapping for CRS-based sPDCCH.
It is not yet decided whether both localized and distributed mapping are supported for DMRS-based sPDCCH. It is very natural to support localized mapping in DMRS-based sPDCCH in order to achieve beamforming gain. In addition, distributed mapping can also be applied to DMRS-based sPDCCH. For MBSFN subframe, there is no CRS in the PDSCH region, and a robust transmission is needed for DMRS-based sPDCCH. Precoder cycling can be adopted as a robust transmission for DMRS-based sPDCCH with distributed sCCE to sREG mapping.

Proposal 4: Both localized and distributed mapping are supported in DMRS-based sPDCCH.
For both localized and distributed mapping in DMRS-based sPDCCH, time-first sREG mapping can be applied as described in Figure 2. According to the agreement made in RAN1 #88bis meeting, CDM-T based DMRS pattern would be defined for sPDCCH. Then, it would be natural to support time-first sREG mapping for DMRS-based sPDCCH. 
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Figure 1: Example of time-first sCCE-to-sREG mapping
Proposal 5: Time-first sREG mapping can be applied to both localized and distributed mapping for DMRS-based sPDCCH.
For DMRS-based sPDCCH, frequency domain bundling where the same precoding can be assumed over a set of RBs in frequency can be considered for better channel estimation. For DM-RS bundling in frequency domain, we can consider bundling within a sCCE and across sCCEs. In case of distributed mapping with 4 sREGs per sCCE, to achieve distributed mapping even for AL = 1, it is desirable not to perform any frequency domain DM-RS bundling within a sCCE. For localized mapping, it can be considered to perform frequency domain bundling within a sCCE as well. In distributed mapping, frequency domain bundling can occur across sCCEs. 
When DM-RS bundling in frequency domain is considered, it is necessary that interleaver function should not distribute bundled sREGs for DM-RS bundling. In that sense, interleaver function for distributed mapping needs to consider bundle unit in frequency domain. Further study is needed to determine the specific bundling size considering the channel estimation performance and the size of sCCE.
Proposal 6: Frequency and time domain bundling need to be considered in order to achieve the higher channel estimation performance for DMRS-based sPDCCH.

2.3. Transmission scheme

It would be straightforward to adopt beamforming scheme for DMRS-based sPDCCH with localized mapping. In addition, transmit diversity scheme can be applied to the distributed mapping for both CRS-based and DMRS-based sPDCCH. As a transmit diversity scheme, SFBC can be supported in CRS-based sPDCCH. The maximum number of antenna ports can be 4 as in the legacy PDCCH. Furthermore, if the number of usable tones per sREG is not a multiple of X due to the other signal (e.g., CSI-RS), an orphan RE(s) in sREG may not be used for the transmission of control information.
On the other hand, SFBC seems not suitable for DMRS-based sPDCCH considering the issues related to the number of available REs and orphan REs. Instead, precoder cycling can be supported for DMRS-based sPDCCH in distributed mapping. This option can especially be beneficial for MBSFN subframe which does not have CRS in legacy PDSCH region. More specifically, RE-level or RB-level port cycling can be considered as options and further study is needed to adopt one of the options considering the channel estimation performance and the number of ports supported.
Proposal 7: It would be straightforward to adopt beamforming scheme for DMRS-based sPDCCH with localized mapping.
Proposal 8: CRS-based sPDCCH can adopt SFBC as a transmit diversity scheme while DMRS-based sPDCCH can adopt precoder cycling in case MBSFN subframe is configured.
2.4. Handling of 3-OS cases
In 2-OS sTTI, there are up to two sTTI indices which span three symbols and one more symbol is available compared to the sTTI indices which span two symbols. Then, handling of the additional one symbol is needed accordingly.
In CRS-based sPDCCH, if the number of symbols for RB set is configured to one, the remaining two symbols can be used as CRS-based or DMRS-based sPDSCH. If the number of symbols for RB set is configured to two, only CRS-based sPDSCH can be transmitted in the remaining one symbol while DMRS-based sPDSCH can be transmitted in FDM manner without using the remaining one symbol.
In DMRS-based sPDCCH, the DMRS would be transmitted in two symbols and the number of symbols for RB set can be fixed to two. If the number of symbols for RB set is two, only CRS-based sPDSCH can be transmitted in the remaining one symbol while DMRS-based sPDSCH can be transmitted in FDM manner without using the remaining one symbol. If DMRS-based sPDSCH is to be transmitted in the remaining one symbol, then some further handling such as DMRS sharing between sPDCCH and sPDSCH should be taken into account, which will induce scheduling restriction (e.g., same number of layers between sPDCCH and sPDSCH).
Proposal 9: For 3-OS sTTI, if the number of symbols for sPDCCH RB set is set to two, then CRS-based sPDSCH can be transmitted in the remaining one symbol while DMRS-based sPDSCH can be transmitted in FDM manner without using the remaining one symbol.
3. Conclusion
In this contribution, we discussed some issues related to sPDCCH design for latency reduction.

Proposal 1: sCCE can be composed of four sREGs, which is common to CRS-based and DMRS-based sPDCCH regardless of the symbol in which sREG is transmitted.

Proposal 2: Depending on the number of available REs in an sCCE, the candidates of aggregation level can be determined.
Proposal 3: Time-first sREG mapping can be applied to both localized and distributed mapping for CRS-based sPDCCH.

Proposal 4: Both localized and distributed mapping are supported in DMRS-based sPDCCH.
Proposal 5: Time-first sREG mapping can be applied to both localized and distributed mapping for DMRS-based sPDCCH.

Proposal 6: Frequency and time domain bundling need to be considered in order to achieve the higher channel estimation performance for DMRS-based sPDCCH.

Proposal 7: It would be straightforward to adopt beamforming scheme for DMRS-based sPDCCH with localized mapping.

Proposal 8: CRS-based sPDCCH can adopt SFBC as a transmit diversity scheme while DMRS-based sPDCCH can adopt precoder cycling in case MBSFN subframe is configured.

Proposal 9: For 3-OS sTTI, if the number of symbols for sPDCCH RB set is set to two, then CRS-based sPDSCH can be transmitted in the remaining one symbol while DMRS-based sPDSCH can be transmitted in FDM manner without using the remaining one symbol.
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