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Introduction
During RAN#72 meeting, a New Work Item [1] on shortened TTI and processing time for LTE was approved with the following objectives:
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
In this contribution, we discuss sPDCCH design for sTTI scheduling. 
Discussions
Two level DCI operation or single level DCI operation 
For sPDCCH transmission, both two level DCI operation and single level DCI operation have been discussed during the several past RAN1 meetings. For two level DCI design, the UE receives the scheduling grant based on both slow DCI and fast DCI. The proponents of this method consider that it is beneficial to reduce the total DCI overhead by providing the UE some scheduling information (e.g., the subband frequency and the TTI length of the sTTI ) via the slow DCI. Therefore, only very compact DCI format is needed for fast DCI. However, in our view, for both slow DCI and fast DCI, at least 16 bits CRC/C-RNTI overhead is needed, therefore, two level DCI design may not reduce the total overhead significantly. And if slow DCI can only be transmitted in the legacy PDCCH region due to the limitation of the size of the search space within the sTTI, several additional DCIs are needed for slow DCI transmission even if group-based slow DCI is considered, there would be too much overload for the legacy PDCCH region. In addition, additional scheduling latency would be introduced due to the limitation of the slow DCI transmission chances.
Alternatively, for single level DCI operation, by some optimization design, the DCI overhead can also be effectively controlled. For example, most of the scheduling information conveyed in the slow DCI can be configured by RRC signaling. The reason is that very dynamic indication of this information may not be necessary. It is feasible to inform e.g., the subband and the sTTI length for the sTTI operation in a semi-static manner. Furthermore, multi-sTTI scheduling operation, which is standardized in eLAA can also be considered as a basis in sTTI operation to further reduce the DCI overhead.
Proposal 1: whether two level DCI design or single level DCI operation is used for sTTI scheduling needs to be carefully considered. 
sPDCCH control region design 
For sTTI, especially for 2-symbol sTTI, if at least one DL OFDM symbol is used for sPDCCH transmission, the overhead would be huge, e.g., the overhead would be 50% if one of the symbols is used for sPDCCH for 2-symbol sTTI.
On the other hand, there will be much fewer sPDCCHs to be transmitted within the sPDCCH control region due to much less resource within one sTTI than the legacy 1ms TTI, i.e., usually there is one UL grant and/or another DL grant for the same UE, or several grants for different UEs. Therefore, there would be resources in the sPDCCH symbols that are not used by sPDCCH when the number of sPDCCH is very limited. Hence it is necessary to be able to use the unused resources in the sPDCCH symbols for sPDSCH transmission.
Observation 1: it is necessary to use the unused resources in the sPDCCH symbols for sPDSCH transmission.
One possible scheme to solve the above problem is to dynamically indicate the used sPDCCH resourcesin the DCI, e.g., indicate the used sREG (if defined) or sCCE (if defined) in the DCI using a bitmap. However, how to transmit this indication in DCI needs to be carefully considered. Furthermore, the overhead will be large since there would be many sREG (if defined) or sCCE (if defined) needed to be indicated.
In the following, we propose another scheme to make use of the resources in the sPDCCH symbols as much as possible for sPDSCH transmission with relative small signaling overhead. Similar as legacy PDCCH, sPDCCH control region for sPDCCH transmission is defined in this scheme. One or several OFDM symbols are used as the candidate resources for sPDCCH control region. For 2-symbol sTTI, one symbol can be used while more symbols can be used for 7-symbol sTTI. The total resources in the sPDCCH symbols can be divided into several parts, e.g., M parts (see the example illustrated in Figure 1 where the 1st symbol in a 2-symbol sTTI is divided into four parts).Then the eNB can determine the size of sPDCCH control region based on the number of UL/DL grants needed to be transmitted and the channel condition of the scheduled UEs, thus only N (1<=N<=M) parts within the M parts are used as sPDCCH control region. The value of N can be indicated to the UE by a physical channel such as sPCFICH or DCI transmitted in the legacy PDCCH region. Furthermore, the N parts resource can be distributed continuously or discontinuously, and which N parts within the M parts are utilized can be determined based on a predefined regulation, e.g., the distribution of N parts are based on cell ID to enable ICIC among adjacent cells. As an example Figure 2 shows the first two parts resources within 4 parts are used as sPDCCH control region. 
After the sPDCCH control region is determined, sPDCCHs are transmitted in the sPDCCH control region and the design merits of legacy PDCCH can be reused as much as possible, e.g., the definition of sREG, the procedure of sPDCCH multiplexing/scrambling, the resource mapping to the control region, and etc., can maximally reuse the legacy PDCCH design.   
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Benefits of the above design:
· Very flexible to scale the size of the sPDCCH control region based on the sPDCCH load.
· Low overhead to enable the sPDCCH and sPDSCH multiplexing, e.g., only 16 REs would be consumed if the resource granularity of control region is one quarter of the total REs. i.e.,Two bits carried by sPCFICH are used to indicate the size of sPDCCH control region, and the legacy PCFICH design can be directly reused for such a case. 
· The design principle of legacy PDCCH can be reused as much as possible and thus has less effect on the specification. 
· Well supported ICIC of the sPDCCHs among adjacent cells.
Proposal 2: sPDCCH transmission scheme proposed in this contribution can be considered for sTTI operation. 
 
Conclusions
In this contribution, sPDCCH transmission for sTTI has been discussed, based on the discussions, we have the following observation and proposals:
Observation 1: it is necessary to use the unused resource in the sPDCCH symbols for sPDSCH transmission.
Proposal 1: whether two level DCI design or single level DCI operation is used for sTTI scheduling needs to be carefully considered. 
Proposal 2: sPDCCH transmission scheme proposed in this contribution can be considered. 
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