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1. Introduction

In RAN1#90 meeting, following agreements and working assumption were made on DL sTTI. [1]:

	Agreement:

· #sREGs per sCCE is the same for 2/3os and 1-slot sTTI.
· #sREGs per sCCE is for CRS based sPDCCH is 4.
· For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the distributed (FFS: on sCCE or sREG level) mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the distributed (FFS: on sCCE or sREG level) mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted.
· DMRS-based RB set in 3-symbol sTTI spans 3 symbols.
· For employing SFBC in CRS-based sPDCCH, the maximum number of antenna ports is 4. The number of antenna ports is indicated by the PBCH. Handling of orphan RE is FFS.
Working assumption:
· Support two port DM-RS based demodulation

· The single port or dual port based demodulation is configured for each DM-RS based sPDCCH RB-set

· Decide between:

· Alt. 1: SFBC using {107,108}: Same handling of orphan REs than for CRS-based sPDCCH (which is still FFS)

· Alt. 2: Antenna hopping/port mapping using ports {107,108} is used within a sREG. 

· The DM-RS bundling is independent on the configured number of antenna ports for DM-RS based demodulation


Based on these agreements and working assumption, we discuss some issues related to sPDCCH design for shortened TTI in this contribution.
2. Discussion
2.1. Definition of sCCE
In RAN1 #90 meeting, it was agreed that the number of sREG per sCCE is four for CRS-based sPDCCH, however, that for DMRS-based sPDCCH is still a remaining issue. Unlike CRS-based sPDCCH, DMRS-based RB set spans three symbols in 3-OS sTTI and time-first frequency-second mapping is applied to sCCE-to-sREG mapping. Therefore, the number of sREG per sCCE can be set as different according to the sTTI index, i.e., according to the length of sTTI. In 2-OS sTTI, the number of sREG per sCCE for DMRS-based sPDCCH can be set to be the same as that for CRS-based sPDCCH. However, four sREGs cannot be aligned to the 3-OS sTTI and seem not suitable regarding the DMRS design and mapping rule. Three or six sREGs per sCCE can be considered as alternatives for aligning the number of sREG per sCCE to 3-OS sTTI. If DMRS bundling is considered to be mandatory for DMRS-based sPDCCH, six sREGs per sCCE can be adopted for 3-OS sTTI. Then, the size of DMRS bundling can be fixed to two considering that a single sCCE spans two RBs regardless of sTTI index. Otherwise, six sREGs per sCCE seem to be redundant, and three sREGs per sCCE can be adopted for 3-OS sTTI considering the proper coding rate for the control information.
Proposal 1: Four sREGs per sCCE can be adopted for DMRS-based sPDCCH in 2-OS sTTI.
Proposal 2: If DMRS bundling is considered to be mandatory for DMRS-based sPDCCH, six sREGs per sCCE can be adopted for 3-OS sTTI. Otherwise, three sREGs per sCCE can be adopted for 3-OS sTTI considering the proper coding rate for the control information.
2.2. Transmission scheme

Regarding the transmission scheme for DMRS-based sPDCCH, a working assumption was made for supporting two-port DMRS-based demodulation, and two alternatives for transmission diversity scheme were suggested. Although transmission diversity scheme is anyway needed for DMRS-based sPDCCH especially for MBSFN subframe, further study is needed to make a decision on it. Even the number of antenna ports for demodulation itself also needs to be further studied. Single port precoder cycling can be another alternative and more comprehensive study including performance evaluation among different alternatives seems to be needed. In this sense, the working assumption on two-port DMRS-based demodulation should not be confirmed.
Proposal 3: Two-port DMRS-based demodulation is not supported in this WI.
3. Conclusion
In this contribution, we discussed some issues related to sPDCCH design for latency reduction.

Proposal 1: Four sREGs per sCCE can be adopted for DMRS-based sPDCCH in 2-OS sTTI.
Proposal 2: If DMRS bundling is considered to be mandatory for DMRS-based sPDCCH, six sREGs per sCCE can be adopted for 3-OS sTTI. Otherwise, three sREGs per sCCE can be adopted for 3-OS sTTI considering the proper coding rate for the control information.
Proposal 3: Two-port DMRS-based demodulation is not supported in this WI.
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