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1 Introduction

In the RAN1#90bis meeting, sTTI scheduling was discussed and it was agreed that [1]:
· DL sDCI format-related:
	Agreement:
· Following fields are removed from the baseline fields of DL sDCI format.

· Carrier indicator, MUST interference MUST interference presence and power ratio

· Second TB-related, TB to CW swap if the working assumption to support a single codeword for sPDSCH is confirmed.

· FFS: flag for format 0/1A, scrambling identity, TPC command, aperiodic zero-power CSI-RS resource indicator for PDSCH RE mapping, SRS request
Agreement:

· Following fields are inserted into the baseline fields of DL sDCI format.

· DMRS indication for 2/3 os sTTI

· ARI

· sPDCCH resource reuse if dynamic mechanism for the reuse of unused sPDCCH resource by explicit indication is agreed to be supported.

· FFS: UL/DL differentiation flag, Transmission scheme flag, sDCI/DCI flag, RA header, Number of scheduled sTTIs for multi-sTTI scheduling
Agreement:

· The bit size of following sDCI field is changed from the baseline fields of DL sDCI format.

· RB assignment

· FFS on DAI, MIMO-related (TPMI), HARQ process ID (at least for subslot and for TDD)


· UL sDCI format-related:
	Agreement:

· Following fields are removed from the baseline fields of UL sDCI fo  rmat.

· Carrier indicator, Frequency hopping flag

· Second TB-related if only single codeword is agreed to be supported for sPUSCH.

· FFS: A-CSI request, Resource allocation type, multi-cluster flag, DAI, SRS request

Agreement:

· At least the following fields are inserted into the baseline fields of UL sDCI format.

· HARQ process ID, RV
Agreement:

· At least for one codeword and single sTTI scheduling, the bit size of RV field of UL sDCI format is 2 bits.

Agreement:

· Following fields are inserted into the baseline fields of UL sDCI format.

· DMRS position (2/3os)

· FFS: UL/DL differentiation flag, Transmission scheme flag, Fields related to IFDMA-based DMRS, Number of schduled sTTIs for multi-sTTI scheduling

Agreement:

· The bit size of DMRS position field of UL sDCI format for 2/3-OS sTTI is 2 bits.


· Common for DL and UL sDCI format:
	Agreement:

· DL TM-dependent sDCI format is defined in each TM for sTTI operation with bit fields for which those of the legacy DL TM-dependent DCI format in the corresponding TM are the baseline.
Agreement:

· The bit size of UL/DL flag of UL/DL sDCI format (if agreed to be inserted into the baseline UL/DL sDCI format) is 1 bit.
Agreement:

· For UL TM1, a single sDCI format is defined. The bit fields of the legacy DCI format 0 are used as baseline

· FFS which bit fields are removed, and which bit fields that need to be added
Agreement:
· UL TM-dependent sDCI format is defined in TM2. The bit fields of the legacy DCI format 4 are used as baseline

· FFS which bit fields are removed, and which bit fields that need to be added


The contribution mainly provides our views on sTTI scheduling, including sDCI1 formats and sDCI1 contents. The discussion on sDCI2 is in the companion paper [2]. The discussion on multi-sTTI scheduling is in the companion paper [3].
2 sDCI1 formats
There are two reasons to support fallback format in legacy. One is that eNB can use the fallback format during the RRC reconfiguration. The other is that eNB can conservatively scheduling by the fallback format when the channel condition of UE is unpredictable or worse. However, since the 1ms TTI and sTTI are supported to dynamical scheduling, the 1ms TTI format can be the fallback format for sTTI operation.
Proposal 1: Fallback transmission scheme is not needed for sTTI operation.

3 sDCI1 contents
3.1 Principle for sDCI design
Low latency in short TTI (sTTI) can be achieved by faster scheduling. Compared to 1ms TTI, sDCIs for scheduling sTTI will be transmitted more frequently, so the sDCI overhead and sPDCCH blind decodes will increase significantly if no enhancement is introduced. 
In the RAN1#88 meeting, it was agreed to reduce the payload size of sDCI1. In addition, large number of blind decodes will consume the UE processing time and UE power, the sDCI design should strive for minimizing the number of blind decodes. One possible way to reduce the number of blind decodes is to align the payload size for DL sDCI format scheduling sPDSCH and UL sDCI format scheduling sPUSCH. When sDCI is transmitted in legacy PDCCH region, another possible way to reduce the number of blind decodes is to align the sDCI payload size with a 1ms DCI format, e.g. DCI format 0/1A. However, it may depend on whether to support separate detection for DCI and sDCI. For separate detection, aligning the payload size of sDCI1 and a DCI format cannot help reduce the blind decodes. But maybe aligning the payload size could provide the flexibility to implementation. For example, separate detection is not implemented then reduction of BDs still can be achieved.       
Proposal 2: The following principles can be considered for sDCI1 design: 
· Align the payload size of sDCI1 scheduling sPDSCH with the payload size of sDCI1 scheduling sPUSCH
· Align the payload size of sDCI1 with a DCI format (e.g. DCI format 0/1A) in PDCCH region 
3.2 Contents of sDCI1
3.2.1 Contents of sDCI1 scheduling sPUSCH
As to the content of sDCI1 scheduling sPUSCH, the contents in DCI format 0 and DCI format 4 can be considered as the starting point. That is, unless otherwise noted or discussed, the existing fields in DCI format 0 and/or DCI format 4 should be assumed to be included in an sDCI1 scheduling sPUSCH. Based on DCI format 0 and/or DCI format 4, the possible new information field(s) and/or possible enhancements to the existing information fields for an sDCI1 scheduling sPUSCH are discussed below:     

· HARQ process number 

In the RAN1#90bis meeting [1], it was agreed to define two sets of processing timing as below: 
- Set 1 is defined with minimum timing n+4 with TA1/n+6 with TA1+4os

- Set 2 is defined with minimum timing n+6 with TA2/n+8 with TA2+4os

The number of bits for this HARQ process number field depends on the processing timing for UL grant to UL data. 4bits could be considered for simplicity.  
· New data indicator
NDI is also needed for supporting asynchronous UL HARQ. For one codeword and single sTTI scheduling, the bit size of NDI field of UL sDCI format is 1 bit. For multiple sTTI scheduling, each bit in NDI field is needed for each codeword. 

· Redundancy version
In the RAN1#90bis meeting [1], the agreement “At least for one codeword and single sTTI scheduling, the bit size of RV field of UL sDCI format is 2 bits” was achieved. For multiple sTTI scheduling, it can be assumed to the same redundancy version to all scheduled sTTI.  
· DMRS pattern 

As discussed in [4], both CDM and IFMDA based DMRS should be supported for sTTI. 1 bit in the sDCI scheduling sPUSCH could be used to differentiate CDM pattern or IFDMA pattern following FD-MIMO conclusion. 
· DMRS position, IFDMA configuration and/or cyclic shift indication

In the RAN1#90bis meeting [1], the agreement “The bit size of DMRS position field of UL sDCI format for 2/3-OS sTTI is 2 bits” was achieved.
For IFDMA based DMRS, IFDMA configuration and cyclic shift need to be indicated. As discussed in [5], sDCI design should strive for minimizing the sDCI payload size, therefore joint indication of IFDMA configuration and/or cyclic shift is promising as discussed in [5]. Therefore, a field for IFDMA configuration and/or cyclic shift is needed in an sDCI scheduling sPUSCH. It is possible that 2 bits are needed for this field. This field is only present for 2/3-symbol based sPUSCH.       
· Flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH 
As discussed in section 3.1, one possible way to reduce the number of blind decodes is to align the payload size for DL sDCI format scheduling sPDSCH and UL sDCI format scheduling sPUSCH. In this case, 1 bit flag to differentiate sDCI format scheduling sPUSCH and sDCI format scheduling sPDSCH is needed.
· Flag to differentiate sDCI1 format and DCI format  

As discussed in section 3.1, when sDCI1 is transmitted in PDCCH region, one possible way to reduce the number of blind decodes is to align the sDCI payload size with a DCI format, e.g. DCI format 1A. There are two ways to differentiate the sDCI format and DCI format. One way is that the sDCI is scrambled with new RNTI. The other way is that adding a field in both sDCI and DCI to differentiate it. Consider the additional RNTI would increase UE complexity a little, we slightly prefer the flag way. Therefore, 1 bit is needed for the flag to differentiate sDCI1 format scheduling sPUSCH and the DCI format (e.g. DCI format 0) in PDCCH region.
· Precoding information and number of layers if TM2 is configured
In legacy LTE, the precoding information and number of layers field is related to the number of codewords, the maximum number of layer and the number of antenna port(s). For sTTI, it is agreed to support one codeword and up to 4 layers for 2/3-symbol sTTI. Then, the one codeword, layer number, TPMI and scrambling identity should be considered to design table.
In addition, if multiple sTTI scheduling is supported, some other fields like the number of scheduled sTTI should be added in the sDCI1 scheduling sPUSCH.

Besides the above fields, the SRS request field could be only included in sDCI in some fixed or configured sTTI, which can help reduce the control overhead. For example, if SRS is only allowed to be transmitted on the last symbol of a subframe and the minimum timing for SRS request to SRS transmission is n+4, it may be possible that the SRS request is only included in the sDCI1 in sTTI 0 and/or sTTI 1. Considering that the payload size for sDCI1 may be large due to possible several new fields, it would be good to try to reduce the payload size for sDCI1. Therefore it would be good to keep it open for the SRS at this moment, and further discuss if including the field(s) only in the sDCI1 in some sTTI would be feasible later.
Proposal 3: An sDCI1 scheduling sPUSCH includes at least the following information:

· DMRS pattern (CDM or IFDMA)
· DMRS position
· IFDMA configuration and/or cyclic shift (this field is only present for 2/3-symbol based sPUSCH)
· Flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH
· Flag to differentiate sDCI1 format and DCI format if the sDCI is transmitted in PDCCH region
· HARQ process number
· New data indicator

· Redundancy version
· Modulation and coding scheme
· TPC command for scheduled sPUSCH
· Precoding information and number of layers if TM2 is configured

· UL index or DAI at least for frame structure type 2
3.2.2 Contents of sDCI1 scheduling sPDSCH
As to the content of sDCI1 scheduling sPDSCH, the contents in DCI format 1B/2/2A/2B/2C/2D can be considered as the starting point. That is, unless otherwise noted or discussed, the existing fields in DCI format 1B/2/2A/2B/2C/2D should be assumed to be included in an sDCI1 scheduling sPDSCH. Based on DCI format 1B/2/2A/2B/2C/2D, the possible new information field(s) and/or possible enhancements to the existing information fields are discussed below:

· DMRS position  

In RAN1#90bis meeting, it was agreed that DMRS indication for 2/3 os sTTI [1] is among 2 consecutive sTTIs, correspondingly, one bit can be used to indicate whether the DMRS is transmitted in current sTTI or in last sTTI. This field is only present for 2/3-symbol based sPDSCH.   
· Flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH 

As discussed in section 3.2.1 for the sDCI scheduling sPUSCH, 1 bit flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH is needed.

· Flag to differentiate sDCI1 format and DCI format  

As discussed in section 3.2.1 for the sDCI1 scheduling sPUSCH, when sDCI1 is transmitted in PDCCH region, one possible way to reduce the number of blind decodes is to align the sDCI payload size with a DCI format, e.g. DCI format 1A. Therefore, 1 bit is needed for the flag to differentiate sDCI1 format scheduling sPDSCH and the DCI format (e.g. DCI format 1A) in PDCCH region. 
· HARQ process number 

As discussed in section 3.2.1, the number of bits for the HARQ process number field may need to be updated according to the supported processing timing. For example, 1 additional bit may be needed for the HARQ process number field for 2/3-symbol sTTI for FDD.
· Occupied sPDCCH resource 
As discussed in [5], when explicit indication of the occupied sPDCCH resource is supported, then the sPDCCH resource indication field should be added into DL sDCI1 format scheduling sPDSCH. The number of bits for this field depends on the details of the explicit indication scheme. 
· MIMO related information if TM3, TM4, TM6, TM8, TM9 or TM10 is configured    
Basically the MIMO related information in legacy DCI formats can be the starting point for MIMO related information in sDCI1. Some enhancements could be considered since only one codeword is supported for sTTI.  

In addition, if multiple sTTI scheduling is supported, some other fields like the number of scheduled sTTI should be added in the sDCI1 scheduling sPDSCH.
As discussed in section 3.2.1 for sDCI scheduling sPUSCH, besides the above fields, the SRS request field could be only included in sDCI1 in some fixed or configured sTTI.    

Proposal 4: An sDCI1 scheduling sPDSCH includes at least the following information:

· DMRS position (this field is only present for 2/3-symbol based sPDSCH)
· Flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH
· Flag to differentiate sDCI1 format and DCI format if the sDCI1 is transmitted in PDCCH region
· Occupied sPDCCH resource 

· Resource block assignment 

· Modulation and coding scheme 

· Redundancy version 

· HARQ process number 

· New data indicator 
· TPC command for sPUCCH
· DAI at least for frame structure type 2 

· HARQ-ACK resource indication 

· MIMO related information if TM3, TM4, TM6, TM8, TM9 or TM10 is configured  
4 Conclusion
The contribution mainly provides our views on sTTI scheduling, including support sDCI1 formats and sDCI1 contents. Based on the discussion, we have the following proposals:

Proposal 1: Fallback transmission scheme is not needed for sTTI operation.

Proposal 2: The following principles can be considered for sDCI1 design: 
· Align the payload size of sDCI1 scheduling sPDSCH with the payload size of sDCI1 scheduling sPUSCH

· Align the payload size of sDCI1 with a DCI format (e.g. DCI format 0/1A) in PDCCH region 
Proposal 3: An sDCI1 scheduling sPUSCH includes at least the following information:

· DMRS pattern (CDM or IFDMA) 

· DMRS position
· IFDMA configuration and/or cyclic shift (this field is only present for 2/3-symbol based sPUSCH)

· Flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH
· Flag to differentiate sDCI1 format and DCI format if the sDCI is transmitted in PDCCH region
· HARQ process number
· New data indicator

· Redundancy version
· Modulation and coding scheme 
· TPC command for scheduled sPUSCH
· Precoding information and number of layers if TM2 is configured 

· UL index or DAI at least for frame structure type 2

Proposal 4: An sDCI1 scheduling sPDSCH includes at least the following information:

· DMRS position (this field is only present for 2/3-symbol based sPDSCH)

· Flag to differentiate sDCI1 format scheduling sPUSCH and sDCI1 format scheduling sPDSCH
· Flag to differentiate sDCI1 format and DCI format if the sDCI1 is transmitted in PDCCH region
· Occupied sPDCCH resource 

· Resource block assignment 

· Modulation and coding scheme 

· Redundancy version 

· HARQ process number 

· New data indicator 
· TPC command for sPUCCH
· DAI at least for frame structure type 2 

· HARQ-ACK resource indication 

· MIMO related information if TM3, TM4, TM6, TM8, TM9 or TM10 is configured 
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