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1. Introduction
In RAN1 #90 meeting, following agreements were made on DL sTTI. [1]:
	Agreement:
· For 1-slot sTTI containing sPDCCH, both TDM (if supported) and FDM of sPDCCH and sPDSCH are supported.
· For 2/3-OS sTTI containing sPDCCH, TDM (if supported) and FDM of CRS-based sPDCCH and CRS-based sPDSCH is supported.
· For 2/3-OS sTTI containing sPDCCH, FDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported.
· FFS: TDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported 
· Prioritize designing a mechanism for unused sPDCCH resources for 2/3-OS sTTI
· The sPDCCH reuse indication is based on RB set, sREG, sCCE, or sPDCCH candidate granularity. Details are FFS.
· Adopt the same mechanism for 1-slot sTTI, if applicable


Based on these agreements, we discuss some issues related to the sPDCCH multiplexing with data for shortened TTI in this contribution.

2. Discussion
2.1. Reuse of unused control resource for data
In order to reuse the unused control resource for data, two different approaches can be considered. One approach is just rate-match the sDCI which scheduled the data in the control RB set, and another approach is using (an) indication bit(s). In sTTI, at least for 2OS sTTIs, it has been demonstrated that short TTI would show benefits only when control overhead in each sTTI can be managed low which means that there are a limited number of UEs scheduled per sTTI. In many evaluations, it has been assumed that there are maximum two UEs. In this sense, we overall consider that first option would be sufficient. However, if explicit indication is considered, it is important that the number of bits is limited in DCI. For that, we can consider 1 bit indication which can be used 
(1) If the bit is indicated, the entire RB set where sDCI is detected is rate matched. Otherwise, the UE performs rate matching only on its detected sPDCCH(s). Though this would not provide very compact packing, generally, this would allow sufficient flexibility
(2) If the bit is indicated, the remaining REs in the same PRB where the UE has detected sDCI can be rate matched as shown in below, or all resources of PRB bundles of data which contains CCE(s) of detected sDCI can be rate matched. This is similar to default behavior of EPDCCH, which can be enabled/disabled by 1 bit indication. 
Figure 1 shows an example of second approach with CRS-based RB set in which sDCI with AL=1 candidate is transmitted. In this example, RBs which carry sDCI would be rate-matched and sREG #1,2,10,13 would remain as unused. Then, this resource can be used for other UEs and 1 bit indication in sDCI format can be configured to indicate whether those resources are used to transmit data or not. This approach can only be applied to CRS-based RB set. Then, for DMRS-based RB set, 1 bit field in sDCI format can be used as virtual CRC.
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[bookmark: _Ref494483430]Figure 1: Example of CRS-based RB set
Proposal 1: In order to utilize unused resource in control region, data can just rate-match the sDCI which schedules the data in the control RB set.
Proposal 2: If dynamic indication is considered, minimize the overhead. One bit indication for entire RB set rate matching or rate matching on RB/RBGs which contains the detected sPDCCH can be considered.

2.2. 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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[bookmark: _Ref494486048]Figure 2: Example of RB set with 2 symbols and 8 RBs
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 3: 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.

3. Conclusion
In this contribution, we discussed some issues related to sPDCCH multiplexing with data 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: In order to utilize unused resource in control region, data can just rate-match the sDCI which schedules the data in the control RB set.
Proposal 2: If dynamic indication is considered, minimize the overhead. One bit indication for entire RB set rate matching or rate matching on RB/RBGs which contains the detected sPDCCH can be considered.
[bookmark: _GoBack]Proposal 3: 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.
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