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1. Introduction

In RAN1#87 meeting, following agreements were made on DL sTTI. [1]:

	Agreements:
· For 2-symbol DL TTI, the following sTTI patterns in OFDM symbols per subframe are supported:  
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· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 
· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.

· If the starting symbol index of the first potential sPDSCH is 1 and for STTI 0, decide if sDCI can be transmitted in the symbol(s) after PDCCH region within this sTTI or in the legacy PDCCH region.

· Alt 1: choose PDCCH or sPDCCH by specification

· Alt 2: higher layer signaling to configure between PDCCH or sPDCCH 

· For any possible first potential sPDSCH starting symbol index, DL sTTI 1 to 5 each contain sPDCCH candidates


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. Single-level DCI contains the whole information related to sPDSCH or sPUSCH. Unless significant benefits are shown, we consider that the contents of sDCI can be defined based on those of legacy DCI with some fields removed or simplified and some additional field (e.g., dynamic sPUSCH DMRS indication, HARQ process number/RV for sPUSCH scheduling) can also 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.
Proposal 1: Without considering whether two-level DCI is adopted, a UE expects full scheduling information carried in a single sDCI.
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, NDI should be further studied. Also, if multi-sTTI scheduling is adopted, it should be considered in DM-RS insertion design. 
Proposal 2: Multi-sTTI scheduling similar to multi-subframe scheduling feature in LAA can be considered for control signaling reduction.

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 variants of two-level DCI described in our past contribution [2], sDCI2 can be sent through PDCCH and/or sPDCCH with large time interval. 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 BD reduction, 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 high 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 3: 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 4: 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 5: 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.

Proposal 6: A set of PRBs used for aPDCCH monitoring is semi-statically configured regardless of single or two level DCI design.

3. Conclusion
In this contribution, we discussed some issues related to sTTI scheduling for latency reduction.
Proposal 1: Without considering whether two-level DCI is adopted, a UE expects full scheduling information carried in a single sDCI. 
Proposal 2: Multi-sTTI scheduling similar to multi-subframe scheduling feature in LAA can be considered for control signaling reduction.

Proposal 3: If two-level sDCI is considered, focus on the case where the type of information conveyed in sDCI2 is auxiliary.
Proposal 4: 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 5: 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. 

Proposal 6: A set of PRBs used for aPDCCH monitoring is semi-statically configured regardless of single or two level DCI design. 
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