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Introduction
Note: This paper is a revised version of R1-1712778.

In RAN1 #88, it was agreed to adopt the single-stage scheduling as a baseline, and further study the possibility of supporting sDCI2 as follows: 
Agreement:
· 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
· Increase the granularity of resource block assignment 
· FFS the applicability and granularity for each resource allocation type
· 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
· FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
· 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
In this contribution, we provide some design details for the contents of the downlink control channel for shortened TTI, the fallback operation to a robust TM and sTTI activation/de-activation via L1 signalin.
2
sDCI Information Fields 
For the single-stage DL sDCI, assuming the support for 2CWs and assuming some set of MCS/NDI/RV parameters are the same, the following bit fields should be removed from the legacy DCI formats:
Proposal 1: The following information fields should be excluded from the legacy DCI formats:

· Format 1: Carrier indicator, resource allocation header, HARQ-ACK resource offset, MUST, aperiodic zero-power CSI-RS (depending on whether new CSI-RS pattern is introduced for sTTI or not.)

· Format 1A: Carrier indicator, flag for format 0/format1A differentiation, SRS request (depends on whether fast SRS is adopted in this WI or not), HARQ-ACK resource offset.

· Format 2A: Carrier indicator, resource allocation header, some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset.

· Format 2: Carrier indicator, resource allocation header, some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset.

· Format 1B: Carrier indicator, HARQ-ACK resource offset.

· Format 2B: Carrier indicator, resource allocation header, SRS request (depends on whether fast SRS is adopted in this WI or not), some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset, scrambling identity (can be indicated semi-statically), MUST, (depending on whether new CSI-RS pattern is introduced for sTTI or not.)

· Format 2C: Carrier indicator, resource allocation header, SRS request (depends on whether fast SRS is adopted in this WI or not), some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset, scrambling identity (can be indicated semi-statically), MUST, (depending on whether new CSI-RS pattern is introduced for sTTI or not.)

· Format 2D: Carrier indicator, resource allocation header, SRS request (depends on whether fast SRS is adopted in this WI or not), some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset, scrambling identity (can be indicated semi-statically), MUST, (depending on whether new CSI-RS pattern is introduced for sTTI or not.)
Instead, the following information fields should be included in the DL sDCI:
Proposal 2: The following information fields should be included in the DL sDCI:

·  DMRS presence for DMRS sharing for 2-symbol sTTI
·  A flag to differentiate sDCI and DCI (this depends on the final size of sDCI)
·  Indication of used/unused sPDCCH resources for rate-matching (all TMs)
As discussed in [1], it should be noted that to reduce the DMRS overhead under the 2/3-symbol sTTI operation, DMRS should be shared across 3 consecutive sTTIs within one subframe. A UE does not expect to receive more than one DMRS trigger over 3 consecutive sTTIs.  

In UL, the following information bits should be excluded from the legacy DCI formats:
Proposal 3: In UL, the following information bits should be excluded from the legacy DCI formats:

· Format 0: Carrier indicator, flag for format 0/1A differentiation, frequency hopping flag, cyclic shift, OCC and IFDMA index should be revisited, resource allocation type, multi-cluster flag.

· Format 4: Carrier indicator, Cyclic shift, OCC and IFDMA field should be revisited, TB2 related information, resource allocation type, multi-cluster flag.
Instead, the following fields should be added:

Proposal 4: In UL, the following information bits should be included in the legacy DCI formats:
· UL sTTI pattern

· RV 

· HARQ process ID

· Information related to IFDMA based DMRS should be added to both sDCI format 0 and 4.
3
Fallback to Robust TM 

Since it is already agreed that the dynamic switching between 1ms TTI and sTTI operations is supported, and an sTTI capable UE always monitors the PDCCH, there is no need to allow for the fallback to a robust TM under the sTTI operation. Hence, a UE should only monitor one sDCI format in both DL and UL.

Proposal 5: A UE only monitors one sDCI format in both DL and UL. Monitoring an sDCI format for fallback to a robust TM is not supported.
4
sTTI Activation/De-Activation

Even if the 2-stage scheduling is not supported in this WI, it is beneficial from the power saving and delay perspective to introduce a mechanism for activating/de-activating the sTTI operation over a given cell via L1 signalling. As an example, for de-activating the sTTI operation, a bit field in the sDCI can be added, or a new DCI (with a different RNTI) to activate/deactivate a set of carriers. For activating the sTTI over the cells, where 1ms TTI is already activated, a new DCI format with possibly the same size as, e.g., format 0/1A can be introduced. If reliability for this activation message is required (e.g. to avoid state mismatch between UE and eNB), a HARQ-ACK can be sent by the UE to confirm the reception of the L1 activation/deactivation (like the case of SPS release).

Proposal 6: sTTI activation/de-activation via L1-signalling should be supported.   

5
Conclusions 
Proposal 1: The following information fields should be excluded from the legacy DCI formats:

· Format 1: Carrier indicator, resource allocation header, HARQ-ACK resource offset, MUST, aperiodic zero-power CSI-RS (depending on whether new CSI-RS pattern is introduced for sTTI or not.)

· Format 1A: Carrier indicator, flag for format 0/format1A differentiation, SRS request (depends on whether fast SRS is adopted in this WI or not), HARQ-ACK resource offset.

· Format 2A: Carrier indicator, resource allocation header, some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset.

· Format 2: Carrier indicator, resource allocation header, some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset.

· Format 1B: Carrier indicator, HARQ-ACK resource offset.

· Format 2B: Carrier indicator, resource allocation header, SRS request (depends on whether fast SRS is adopted in this WI or not), some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset, scrambling identity (can be indicated semi-statically), MUST, (depending on whether new CSI-RS pattern is introduced for sTTI or not.)

· Format 2C: Carrier indicator, resource allocation header, SRS request (depends on whether fast SRS is adopted in this WI or not), some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset, scrambling identity (can be indicated semi-statically), MUST, (depending on whether new CSI-RS pattern is introduced for sTTI or not.)

· Format 2D: Carrier indicator, resource allocation header, SRS request (depends on whether fast SRS is adopted in this WI or not), some of the MCS/NDI/RV parameters for the 2nd CW (if 2CWs with some limitations are allowed), HARQ-ACK resource offset, scrambling identity (can be indicated semi-statically), MUST, (depending on whether new CSI-RS pattern is introduced for sTTI or not.)
Proposal 2: The following information fields should be included in the DL sDCI:

·  DMRS presence for DMRS sharing for 2-symbol sTTI
·  A flag to differentiate sDCI and DCI (this depends on the final size of sDCI)
·  Indication of used/unused sPDCCH resources for rate-matching (all TMs)
Proposal 3: In UL, the following information bits should be excluded from the legacy DCI formats:

· Format 0: Carrier indicator, flag for format 0/1A differentiation, frequency hopping flag, cyclic shift, OCC and IFDMA index should be revisited, resource allocation type, multi-cluster flag.

· Format 4: Carrier indicator, Cyclic shift, OCC and IFDMA field should be revisited, TB2 related information, resource allocation type, multi-cluster flag.
Proposal 4: In UL, the following information bits should be included in the legacy DCI formats:
· UL sTTI pattern

· RV 

· HARQ process ID

· Information related to IFDMA based DMRS should be added to both sDCI format 0 and 4.
Proposal 5: A UE only monitors one sDCI format in both DL and UL. Monitoring an sDCI format for fallback to a robust TM is not supported.

Proposal 6: sTTI activation/de-activation via L1-signalling should be supported.   
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