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1 Introduction

This contribution discusses sPDCCH and sPDSCH mapping and multiplexing in 2OS and 7OS sTTI structure. 
2 Discussion
2.1 sPDCCH and sPDSCH transmission in 7OS sTTI
In slot-based sTTI structure, control and data structure needs to be clarified. In terms of control for 7-OS sTTI, the following options are considered. 
(1) Only legacy (E)PDCCH schedules sPDSCH in both sTTIs. If this is used, to schedule a sPDSCH in the second slot, DL index type of indication may be used in sDCI transmitted in the legacy PDCCH. Or, EPDCCH used for partial initial subframe as in LAA can be used for second slot sTTI whereas the first slot can be scheduled via legacy PDCCH. When EPDCCH is used in the second slot, it may cause increased the overall processing latency, and thus HARQ-ACK timing and PUSCH timing relaxation seem necessary. 
(2) Placing another legacy PDCCH in the second slot. This approach is simple, however, it does not work in MBSFN subframe. 
(3) Placing sPDCCH schedules sPDSCH in the second slot which has the same design as to the 2OS sTTI whereas the first slot is scheduled via sDCI in legacy PDCCH region. In terms of processing time and additional work to second sTTI scheduling, this option seems offering the best performance. When this option is used, in terms of control region size in time domain can be fixed as 1 or 2 depending on whether TDM or FDM approach is adopted in 2OS sTTI between control and data. 
Proposal 1: sPDCCH region can be located in the first 1 or 2 OFDM symbols in second sTTI for 7-OS sTTI. Downselect 1 or 2 depending on 2OS sPDCCH design. 
When Option (3) is used, the following shows potential control regions scheduling first and second sTTI respectively. 
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Figure 1. Illustration of 7-OS sTTI control region 
Assuming Option (3) is used, further consideration on control and data multiplexing in 7-OS sTTI is discussed. In the first sTTI, it is natural to assume that the starting of sPDSCH is indicated via PCFICH or semi-static signaling. Thus, multiplexing between control and data in the first sTTI is pure TDM. In the second slot, it is assumed that the control region can be configured in frequency domain such that other regions not configured for a control region can be used for data. In that sense, the starting OFDM symbol of sPDSCH in sTTI1 can be always fixed as 0. For resources in a control region, to allow utilizing unused resource, some mechanisms can be considered as follows.

(1) Dynamically indicate last PRB index where a UE assumes resources from the first PRB in a control region to the indicated last PRB are used by control, and thus not used for data mapping. 

(2) Assume only the corresponding sPDCCH that schedules sPDSCH is rate matched by sPDSCH. In other words, all the resource in a control region is assumed to be available to UEs except for resources used for the scheduling DCI. This approach however requires some further considerations on handling uplink grants, and other UEs’ scheduling DCIs. 
Nonetheless, it is assumed that control region size in time is fixed, and thus, information about frequency domain could be sufficient. If any RE is used for a control in a PRB, at least REs in the control region in the same PRB will not be used for sPDSCH (i.e., multiplexing control and data at PRB level in a control region). Generally, we consider second option seems sufficient as the first option may incur additional DCI overhead which can be large depending on the system bandwidth. 

 Proposal 2: Unless significant gain is shown, consider implicit rate matching of sPDSCH on the PRBs used by the corresponding scheduling DCI in a control region. In other resources, scheduling based multiplexing between control and data is assumed. 
When TDD is considered, some handling on special subframe could be necessary. The following shows the special subframe configurations. 

Table 1.  Configuration of special subframe (lengths of DwPTS/GP/UpPTS)
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0 6592 3 21936 10 1 2192

1 19760 9 8768 4 1 2192

2 21952 10 6576 3 1 2192

3 24144 11 4384 2 1 2192

4 26336 12 2192 1 1 2192

5 6592 3 19744 9 2 4384

6 19760 9 6576 3 2 4384

7 21952 10 4384 2 2 4384

8 24144 11 2192 1 2 4384

9 13168 6 13168 6 2 4384

DwPTS (Ts, Symbol) GP (Ts, Symbol) UpPTS (Symbol, Ts)
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When 7-OS sTTI is applied, remaining OFDM symbols of DwPTS in second slot can be either used along with 1st sTTI or can be used partially as in the second slot. Given that if it is used with 1st sTTI, it can increase processing time, it is not desirable. However, if separate sTTI is used, for example, some special subframe configuration does not provide any DM-RS in 2nd sTTI (e.g., special subframe configuration 1). In this sense, we could assume that DM-RS based transmission over 2nd sTTI in special subframe configuration 1, 2, 6 or 7 is not supported. For CRS based transmission, it can be transmitted in partial sTTI. 
Proposal 3: Individual sPDSCH transmission in sTTI0 and sTTI1 is considered even in special subframe. 

2.2 sPDCCH and sPDSCH transmission in 2OS sTTI

Regarding OFDM symbol resource of sPDCCH and sPDSCH, TDM and FDM between control and data can be discussed.

· TDM between sPDCCH and sPDSCH

In terms of latency minimization, it would be more natural to consider TDM, i.e., control will be placed in the first one OFDM symbols of each sTTI. When TDM is applied, there are some points needs to be further investigated. In case TDM is used, similar to 7-OS sTTI case, some consideration of utilizing unused resource in control region for data transmission would be necessary. 
If DMRS based sPDCCH and DMRS based sPDSCH is TDMed, DMRS sharing among sPDCCH and sPDSCH can be considered to reduce DMRS overhead. For DMRS sharing, many issues should be discussed such as DMRS OFDM symbol location, antenna port(s) allocation, impacts on sPDCCH/sPDSCH performance, etc.
· FDM between sPDCCH and sPDSCH

For DMRS based sPDCCH design, TDM between control and data becomes somewhat challenging due to the complication of DMRS structure over one or two OFDM symbols. Also, high DMRS overhead to achieve enough channel estimation performance would reduce sPDCCH resource and performance. Based on our previous evaluations, it was observed that DMRS based sPDCCH using the entire OFDM symbols within a sTTI can obtain better performance compared to sPDCCH using a part of OFDM symbols within a sTTI. Though the benefits of TDM between control and data in terms of processing time is clear, for the simplicity, we are fine to adopt FDM approach in 2-OS sTTI case. 
Proposal 4: Consider FDM for 2-OS sTTI and TDM for 7-OS sTTI between control and data.  
When FDM is considered, it needs to be clarified how to handle 3-OS sTTI case. Some considerations can be as follows. 

(1) Control and data are transmitted over 3-OS in 3-OS sTTI. Assuming a REG consists of 12 REs in one OFDM symbol, CCE can consist of 4 REGs in 2 OS, and 3 REGs or 6 REGs in 3 OS case. In 3-OS case, depending on the number of REGs, different aggregation levels may be assumed for blind decoding attempts. 
(2) Control is transmitted over 2-OS in 3-OS sTTI. In case DM-RS based data is transmitted, PRBs where a control is mapped or PRBs indicated/assumed not to be used for data mapping are assumed to be left unused. In other words, partial PRBs would not be used for data mapping when DM-RS based TM is used. 
In either approach, it is assumed that even in 3-OS sTTI, data and control are FDM-ed in PRB levels. 

Proposal 5: Further consideration on control channel transmission in 3-OS sTTI is necessary.  

3 Conclusion 

Proposal 1: sPDCCH region can be located in the first 1 or 2 OFDM symbols in second sTTI for 7-OS sTTI.

Proposal 2: Unless significant gain is shown, consider implicit rate matching of sPDSCH on the PRBs used by the corresponding scheduling DCI in a control region. In other resources, scheduling based multiplexing between control and data is assumed. 

Proposal 3: Individual sPDSCH transmission in sTTI0 and sTTI1 is considered even in special subframe. 

Proposal 4: Consider FDM for 2-OS sTTI and TDM for 7-OS sTTI between control and data.  

Proposal 5: Further consideration on control channel transmission in 3-OS sTTI is necessary.  
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