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1 Introduction

The following agreements were made in RAN1#88 regarding sTTI scheduling as part of the WI on Short TTI and reduced processing [1].
1. An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1

a) sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH

b) Legacy DCI content is the starting point for sDCI1

c) Reduce payload size of sDCI1

i. Increase the granularity of resource block assignment 

1. FFS the applicability and granularity for each resource allocation type

ii. FFS: Jointly indicate some of the information

iii. FFS: which DCI fields to remove from the legacy DCI

iv. Other methods to decrease the sDCI1 size are not precluded

d) FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 

2. sDCI1 scheduling a single sPUSCH/sPDSCH is the baseline.

a) Support of sDCI1 scheduling multiple sPUSCH/sPDSCH is for FFS;

i. Multiple subframe scheduling for eLAA can be the starting point

3. If sDCI2 is supported, 

a) The eNB configures one of the sTTI scheduling methods to a UE by RRC signaling:

i. Single level scheduling: UE monitors sDCI1 in every sTTI.

ii. Two-level scheduling: UE monitors sDCI1 in every sTTI and sDCI2 in legacy PDCCH region.

b) The candidates include the following information

i. Aggregation level and/or candidates of sDCI1;

ii. PRB set to sDCI1 monitoring;

iii. Activation/deactivation information of sDCI1 monitoring 

iv. TPC command

v. Note: Other candidates are not precluded

In RAN1#87 the following was agreed.

· 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

In this contribution, we discuss the details of the sDCI1 content. This paper is a revision from R1-1712894.
2 Discussion

2.1 Fields in sDCI1
As agreed in RAN1#88, the legacy DCI content should be the starting point when defining the fields for sDCI1. 
Since there are only few number of blind decodes available per sTTI, e.g. 6 for 2os TTI, it is proposed that the UE monitors a single DCI size per sTTI. This means that padding bits should be added to the smallest of the UL and DL DCI formats. A field should be added to all DCI formats to be able to differentiate UL grants from DL  assignments.

Proposal 1 The UE monitors a single sDCI size per sTTI for UL and DL sTTI scheduling. The DCI formats contain a field for differentiating UL grants from DL assignments.  

To be able to schedule a UE on sTTI during a RRC configuration, it is proposed to support a fallback Tx scheme common to all transmission modes. A field should be added to all DCI formats to be able to differentiate the fallback Tx scheme from the DL Tx scheme.

Proposal 2 The DCI formats contain a field for differentiating the fallback Tx scheme from the TM specific Tx scheme.  

Details on possible sDCI1 content is given in the following sections.
2.1.1 sDCI1 fields for sPDSCH scheduling
The sPDSCH DCI formats should be based on the legacy DCI formats. Some fields should be removed, while others should be added.

It is proposed to only support a single codeword for multi-layer sPDSCH transmission [2]. Therefore, the DCI for sPDSCH would contain a single instance of the MCS, RV and NDI fields. 

For each TM specific DL DCI of sTTI, remove the fields for:

· Carrier indicator (DL DCI formats 1, 1A, 1B, 2B, 2C, 2D)
· Resource allocation header between type 0 and type 1 (1, 2B, 2C, 2D)

· SRS request (1A, 2B, 2C, 2D)

· MUST interference presence and power ratio (1, 2B, 2C, 2D)

· Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping (1, 1B, 2B, 2C, 2D)
For each TM specific DL DCI of sTTI, add fields for: 
· for subslot TTI: DL DMRS presence (1 bit)

· ARI (2 bit)

· UL/DL flag (1 bit), 

· transmission scheme fallback flag (1 bit),

· sPDCCH resource reuse field (up to 3 bits)

· resource allocation header type to choose between RA type 0 or type 2 (1 bit)
The corresponding fields need to have a different size.

· The HARQ process number field should be of 4 bits to support 16 HARQ processes.

· For configurations with a TDD primary cell where today the size of the DAI field is 2 bits, it has to be 3 bits for TDD UL/DL configuration 5 as discussed in [3]. For the other configurations 2 bits are sufficient.

· The field for Resource block assignment is smaller than in legacy (depends on the decision on sRBG size)

· For Type 0 RA: 4 to 8 bits would be needed (depends on the configured BW)

· For Type 2 RA : 6 to 9 bits would be needed(depends on the configured BW)
Proposal 3 The DCI formats for scheduling sPDSCH are defined as listed in section 2.1.1  

2.1.2 sDCI1 fields for sPUSCH scheduling

The sPUSCH DCI formats should be based on the legacy UL DCI formats with an extension to support asynchronous UL HARQ. For sPUSCH transmission based on TM2 with multiple layers, it is proposed to only support single codeword transmission for TM2 [4]. Therefore, the DCI for sPUSCH would contain a single instance of the MCS, RV and NDI fields. 
For each TM specific UL DCI of sTTI, remove the fields for:

· Carrier indicator (DCI format 0, 4)

· Frequency hopping flag (DCI format 0)

· CSI request if aperiodic CSI is not supported (DCI format 0, 4)

· SRS request (DCI format 0, 4)

· Cyclic Shift Field mapping table for DMRS (DCI format 0, 4)

For each TM specific UL DCI of sTTI, add fields for: 
· For subslot TTI DCI: subslot layout, i.e. UL DMRS presence and position (2 bits)

· Tx scheme fallback flag (1 bit)

· HARQ process ID (4bits)

· RV (2bits) – this is a separate field from MCS field
The corresponding fields in the UL DCI formats will change size.

· the field for “Cyclic shift for DM RS and OCC index and IFDMA configuration” (DCI format 0) can be reduced to 2 bits.

· If aperiodic CSI report on sTTI is supported, the field CSI request should be reduced to be up to 3 bits for sTTI.
· Downlink Assignment Index (DAI) (3 bits are needed for TDD UL/DL configuration 5 as discussed in [3] – for the other configurations the size of 2 bits should be kept)

· The field for Resource block assignment is smaller than in legacy (depends on the sRBG size)
· For Type 0 RA : 6 to 9 bits would be needed (depends on the configured BW)

Proposal 4 The DCI formats for scheduling sPUSCH are defined as listed in section 2.1.2  

2.2 sDCI2

sDCI2 was discussed with the intention to:

· reduce the number of blind decodes for the UE by signaling a subset of the RRC configured sPDCCH search space and 
· reduce computational effort/achieve some power saving at the UE by deactivating sPDCCH monitoring in some subframes.

These two use cases for sDCI2 make sDCI2 UE-specific. It is thus more appropriate to send sDCI2 on the UE-specific search space.

As discussed in [5], the control overhead reduction of two-level DCI variants based on sDCI2 is limited or inexistent. In addition, two-level DCI schemes have a robustness issue due to the probability of sDCI2 misdetection. A default UE behaviour could be defined to mandate sDCI1 monitoring if sDCI2 is missed. But this would remove the benefits of sDCI2 in terms of reduced number of blind decodes. Moreover, it would require a sDCI2 containing a sPDCCH monitoring deactivation command to be sent in every subframe to avoid being interpreted as a misdetected sDCI2. With sDCI2 sent in every subframe and not on demand, the control overhead increases.

In short, the benefits if sDCI2 are unclear. 
Proposal 5 Do not support two-level DCI for sTTI scheduling
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The UE monitors a single sDCI size per sTTI for UL and DL sTTI scheduling. The DCI formats contain a field for differentiating UL grants from DL assignments.
Proposal 2
The DCI formats contain a field for differentiating the fallback Tx scheme from the TM specific Tx scheme.
Proposal 3
The DCI formats for scheduling sPDSCH are defined as listed in section 2.1.1
Proposal 4
The DCI formats for scheduling sPUSCH are defined as listed in section 2.1.2
Proposal 5
Do not support two-level DCI for sTTI scheduling
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