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1. Introduction
In RAN1 #90bis meeting, following offline consensus and agreement were proposed and made on DL control channel for sTTI. [1][2]:
	Agreement:
· The starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signalling.
· FFS if the actual starting index is signalled, or if a parameter impacting the starting index
Proposed offline consensus:
· The mapping of the modulated data symbols on the sREGs is frequency-first, time-second for both localized and distributed sPDCCCH mapping. Solving the ambiguity between different ALs is FFS.


Based on these agreement and proposed offline consensus, we discuss remaining issues on DL control channel design for shortened TTI in this contribution.

2. Discussion
2.1. Misdetection of AL
In DL control RB set, a UE may decode DL assignment at lower AL than the actual AL which is originally used for its DL assignment. In order to solve this misdetection problem, EPDCCH-like approach can be adopted. In EPDCCH, modulation symbols are mapped in frequency first manner, which distribute the modulation symbols one by one to different sCCE. The same principle applied to sPDCCH RB set can be described with Figure 2. When modulation symbols are mapped to the RB set in Figure 2 for AL=4, those can be distributed to different sCCE indices with RE-level interleaving in cyclic increasing order of sCCE index first, sREG index second, and RE index third.
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For example, 1st modulation symbol is mapped to the first RE in the first sREG(#0) in the first sCCE(#0), 2nd modulation symbol is mapped to the first RE in the first sREG(#4) in the second sCCE(#1), 3rd modulation symbol is mapped to the first RE in the first sREG(#8) in the third sCCE(#2), and 4th modulation symbol is mapped to the first RE in the first sREG(#12) in the fourth sCCE(#3). (increasing order of sCCE index first.) Then, 5th modulation symbol is mapped to the first RE in the second sREG(#1) in the first sCCE(#0), 6th modulation symbol is mapped to the first RE in the second sREG(#5) in the second sCCE(#1), 7th modulation symbol is mapped to the first RE in the second sREG(#9) in the third sCCE(#2), and 6th modulation symbol is mapped to the first RE in the second sREG(#13) in the fourth sCCE(#3). (increasing order of sREG index second.) Then, increasing order of RE index would be thirdly conducted after finishing the one cycle of increment in sREG index. With this EPDCCH-like approach, misdetection problem can be solved. This principle can be represented by the function described below. The sREG index for which the modulation symbol index i is mapped is expressed by

where X is the total number of sCCEs in the configured RB set, Y is the starting sCCE index for aggregation level L,  is the number of sREG per sCCE, and  is the number of sREGs for aggregation level L. Within the selected sREG index according to the function above, frequency-first mapping can be applied to the RE mapping. 
Observation 1: EPDCCH-like approach for the mapping of modulation symbol can be used in order to avoid misdetection problem.
Proposal 1: Modulation symbols are distributed to different sCCE indices with RE-level interleaving in cyclic increasing order of sCCE index first, sREG index second, and RE index third.
2.2. Structure of search space
In RAN1#90bis meeting, it was agreed that the starting sCCE index of an sPDCCH search space at aggregation level L is configured by higher layer signalling. One remaining issue for the starting sCCE index is to decide whether the actual starting sCCE index or a parameter impacting the starting sCCE index is signalled. Regarding this issue, we can consider that there are various scenarios that the sTTI UE is affected by the inter-cell interference (e.g., from PDSCH, CRS and/or CSI-RS, and sPDCCH of the neighbour cell, etc.). For example, in HetNet scenario, if sTTI operation is configured for a certain UE in pico-cell, sPDCCH for that UE can be affected by interference from macro-cell even though the pico-cell sTTI UE is located at the center of pico-cell. If the eNB just configures the actual starting sCCE index itself and uses it during tens of milli-seconds, some candidate(s) may consistently suffer from inter-cell interference. Therefore, inter-cell interference randomization mechanism is still needed on sPDCCH as in the legacy, which can be implemented by allowing the configurability of . 
If we consider EPDCCH-like hashing function for sPDCCH, for example, the hashing function of sPDCCH can be defined as

where i=0,… ,L-1,  is the total number of sCCEs in sPDCCH RB set p of sTTI k, m=0,…,-1 and  is the number of sPDCCH candidates to monitor at aggregation level L in sTTI k. To support the inter-cell interference randomization mechanism considering the agreement on the configurability of starting sCCE index with higher layer signalling, one approach is to configure  with higher layer signalling instead of using UE RNTI. Note that EPDCCH hashing function defines  by  where , =39827, =39829, D=65537, and ,  is the slot number within a radio frame. For sPDCCH hashing function, similar to ,  can be defined as  and the definition of k can be changed as sTTI index, which will enable inter-sTTI randomization of starting sCCE index for each aggregation level. eNB can configure  by higher layer signaling in order to determine the starting sCCE index of an sPDCCH search space per aggregation level and per RB set.
Proposal 2: For the starting sCCE index of an sPDCCH search space at aggregation level L, a parameter impacting the starting sCCE index (i.e., ) should be configured per aggregation level and per RB set by higher layer signaling. 

3. Conclusion
In this contribution, we discussed remaining issues related to DL control channel design for shortened TTI .
Observation 1: EPDCCH-like approach for the mapping of modulation symbol can be used in order to avoid misdetection problem.
Proposal 1: Modulation symbols are distributed to different sCCE indices with RE-level interleaving in cyclic increasing order of sCCE index first, sREG index second, and RE index third.
Proposal 2: For the starting sCCE index of an sPDCCH search space at aggregation level L, a parameter impacting the starting sCCE index (i.e., ) should be configured per aggregation level and per RB set by higher layer signaling.
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