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1. Introduction

In RAN1#88 meeting, following agreements and working assumptions were made on DL sTTI. [1]:

	Agreements:
· An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
· sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH

· Legacy DCI content is the starting point for sDCI1
· Reduce payload size of sDCI1
· FFS: Jointly indicate some of the information
· FFS: which DCI fields to remove from the legacy DCI

· Other methods to decrease the sDCI1 size are not precluded
· sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline.
· Support of sDCI1 scheduling multiple sPUSCH/sPDSCH is for FFS;
· Multiple subframe scheduling for eLAA can be the starting point
· A UE is configured with at least sPDCCH frequency resource by higher layer signaling

· Whether sPDCCH frequency resource can be dynamically adjusted is dependent on the sDCI2 discussion
· If sDCI2 is supported, 
· The eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:
· Single level scheduling: UE monitors sDCI1 in every sTTI.
· Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.
· The candidates include the following information
· Aggregation level and/or candidates of sDCI1;
· PRB set to sDCI1 monitoring;
· Activation/deactivation information of sDCI1 monitoring 
· TPC command
· Note: Other candidates are not precluded


Based on these agreements, we discuss some issues related to scheduling for shortened TTI in this contribution.
2. Discussion

In the previous meetings, it was discussed and summarized that sTTI scheduling schemes can have following two options: One is single-level sDCI and the other is two-level sDCI with some variants. Further issues are discussed below.
2.1. Single-level DCI

Single-level DCI can be carried in the legacy PDCCH region and/or sPDCCH region. The sDCI for the first sTTI can be sent through the legacy PDCCH, and the sDCIs for the other sTTIs are sent through the sPDCCH region. As agreed in RAN1#88 meeting, single-level DCI contains the whole information related to sPDSCH or sPUSCH, and the contents of sDCI would be defined based on those of legacy DCI. Some additional field (e.g., dynamic sPUSCH DMRS indication, HARQ process number/RV for sPUSCH scheduling) can be included. Regarding the processing delay and DCI missing case, single-level DCI can be considered as a baseline without considering whether two-level DCI is adopted or not, which is described in the next section.
To reduce control signaling overhead, multi-sTTI scheduling similar to LAA multi-subframe scheduling can be considered. This would be beneficial particularly when multiple sTTIs are scheduled to the same UE. In order to adopt multi-sTTI scheduling, some issues related to HARQ process ID, RV, RA should be further studied. For example, the number of bits for HARQ process ID, and RV would be increased as the number of co-scheduled sTTI increases. Then, the number of bits for HARQ process ID can be reduced as in LAA multi-subframe scheduling. Only the HARQ process ID for the first sTTI is included in the sDCI and the remaining sTTIs can implicitly have consecutive HARQ process IDs. The scheduling restriction occurs for the sake of the reduction in control signaling overhead. Furthermore, the number of co-scheduled sTTI needs to be restricted. In addition, the co-scheduled sTTIs need to be continuously located (i.e., RA would be common to the co-scheduled sTTIs) in order not to increase the number of bits for RA. MCS can also be common to the co-scheduled sTTIs. Also, if multi-sTTI scheduling is adopted, it should be considered in DM-RS insertion design. 
Proposal 1: Multi-sTTI scheduling similar to multi-subframe scheduling feature in LAA can be considered for control signaling reduction.

It has not yet decided to adopt single-level sDCI or two-level sDCI. However, we can focus on the design for single-level sDCI with essential features first and the one for two-level sDCI can be done afterward based on the single-level sDCI design. Basically the contents of the sDCI (possibly be sDCI1 for two-level sDCI) would be based on those of legacy DCI. Some sTTI-specific fields (e.g., dynamic sPUSCH DMRS position) can be added, and these fields are used only when the sTTI operation is configured. Candidate sDCI contents for sPDSCH and sPUSCH are as below.

· sDCI for UL: 

sTTI/TTI flag, DMRS position, cyclic shift, HARQ process number, NDI, RB allocation, MCS, RV, DAI, CSI/SRS request, TPC

· sDCI for DL: 

sTTI/TTI flag, HARQ process number, NDI, RB allocation, MCS, RV, DAI, MIMO-related information, TPC
In other words, most legacy DCI contents can be adopted for sTTI operation although some further reduction can be considered for some fields. For example, the number of supported codeword can be reduced to one in sTTI operation, then each field defined for the second codeword in the legacy DCI can be reduced. SRS request field seems not necessary for sTTI operation. On the one hand, additional fields to support sTTI operation e.g., DM-RS position are necessary.
Proposal 2: Most legacy DCI contents can be adopted for sTTI operation.
Proposal 3: sTTI-specific fields in sDCI are FFS.
2.2. Two-level DCI

For two-level DCI, UE needs to decode both slow sDCI (sDCI2) and fast sDCI (sDCI1) to decode sPDCCH, sPDSCH, and/or sPUSCH. According to the agreements from RAN1#88 meeting [1], sDCI2 would be sent through legacy PDCCH if sDCI2 is supported. There are two different options for the type of information conveyed in sDCI2 according to the condition whether the information is essential (e.g., resource allocation) or auxiliary (e.g., search space candidates). If essential information is conveyed in sDCI2, the payload size of sDCI1 can be reduced. In this case, an overhead is imposed in PDCCH and/or sPDCCH where the sDCI2 is sent. When auxiliary information is sent in sDCI2 in which UE-specific information is contained, the number of BD for sDCI1 can be reduced depending on sDCI2 while additional overhead occurs in PDCCH. If this auxiliary information is cell-common, the reduced number of BD would be limited.
According to the type of information mentioned above, UE behavior for sDCI2 missing case should be considered. If information conveyed in sDCI2 is essential, sDCI1 would simply be dropped as a UE may not be able to successfully decode information for sPDSCH or sPUSCH. However, if auxiliary information is conveyed in sDCI2, it would be beneficial that UE still be able to process sDCI1 and sPDSCH/sPUSCH without support of sDCI2. To support this, fallback behavior needs to be defined. If sDCI2 contains information to reduce the number of BD, one approach is to fallback and perform full blind decoding following semi-static configuration. This implies that BD reduction via sDCI2 should be somewhat limited (i.e., a subset of semi-statically configured SS). Furthermore, processing time of sDCI2 and effective time should be further clarified. Depending on the processing time of sDCI2 considering BD attempts and higher layer operation, sDCI2 may not be ready to be used at the time when its associated sDCI1 is transmitted. Similarly, depending on the type of information conveyed in sDCI2, UE behavior would be different. More specifically, few sDCI1 transmissions after sDCI2 transmission may need to be decoded without knowledge of information conveyed in sDCI2. In those points of views, if two-level DCI design is considered, we prefer sDCI2 carries auxiliary information. 
Proposal 4: If two-level sDCI is considered, focus on the case where the type of information conveyed in sDCI2 is auxiliary.
The timing of sDCI2 transmission can also be considered. It can be sent in every subframe, periodic X subframe, or aperiodically. If sDCI2 is sent in every subframe, there would be high control overhead in PDCCH and UE needs to conduct blind decoding in every subframe. If sDCI2 is sent aperiodically, control overhead in PDCCH can be reduced while UE still needs to conduct blind decoding in every subframe. In other words, if aperiodic sDCI2 transmission is assumed, UE processing time and HARQ-ACK timing should be based on “no sDCI2” case, and transmission of sDCI2 can opportunistically offer benefits of UE power consumption at the expense of additional DCI overhead. To obtain UE processing time benefits and reduce the latency via reduced blind decoding, it is therefore necessary to have “deterministic” transmission of sDCI2 such that a UE can expect sDCI2 at least in every X subframe. One sDCI2 in periodic transmission case may apply to multiple sTTIs over multiple subframes. 

Given the potential benefits of latency reduction and processing time reduction, we prefer deterministic transmission of sDCI2. In order not to incur high overhead, periodic transmission can be considered. When aperiodic transmission of sDCI2 is considered, the benefits are very unclear. 
Proposal 5: We prefer an option for sDCI2 transmission in periodic X subframe in which the value of X can be configured by higher layer signalling.
Another issue is to decide when the information in sDCI2 is reflected to UE operation. A UE may not be able to refer to the information in sDCI2 for the transmission in the sTTI which is located right after the PDCCH because of processing time. In this case, fallback operation and delay are needed to be considered.
According to the discussion above, to be effective of sDCI2 design, either periodic or aperiodic operation is assumed, some fallback operation seems necessary, and full scheduling information for sPDSCH/sPUSCH seems not dividable to sDCI1 and sDCI2. In other words, auxiliary sDCI2 would not affect the contents of sDCI1. Then, sDCI1 in two-level sDCI can be aligned with single-level sDCI. Given the limited time, we think the design of essential features based on single-level sDCI approach could be prioritized over two-level sDCI which can be adopted irrespective of single level DCI.
Proposal 6: sDCI1 design for both single and two level DCI designs is common. Given the nature of “optional” feature of two-level DCI design, design on single level design can be prioritized. Two-level design can be adopted as an optional feature which could offer “additional” benefits if transmitted.

3. Conclusion
In this contribution, we discussed some issues related to sTTI scheduling for latency reduction.
Proposal 1: Multi-sTTI scheduling similar to multi-subframe scheduling feature in LAA can be considered for control signaling reduction.

Proposal 2: Most legacy DCI contents can be adopted for sTTI operation.

Proposal 3: sTTI-specific fields in sDCI are FFS.
Proposal 4: If two-level sDCI is considered, focus on the case where the type of information conveyed in sDCI2 is auxiliary.
Proposal 5: We prefer an option for sDCI2 transmission in periodic X subframe in which the value of X can be configured by higher layer signalling.
Proposal 6: sDCI1 design for both single and two level DCI designs is common. Given the nature of “optional” feature of two-level DCI design, design on single level design can be prioritized. Two-level design can be adopted as an optional feature which could offer “additional” benefits if transmitted.
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