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1 Introduction
In RAN1#88, the following agreements were achieved for DCI design for short TTI.[1]
Agreements:
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. A UE is configured with at least sPDCCH frequency resource by higher layer signaling

a) Whether sPDCCH frequency resource can be dynamically adjusted is dependent on the sDCI2 discussion
4. 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 this contribution, we show our opinions on the DCI design for LTE short TTI. In addition, other issues such as transmitting the sDCI of first sTTI in the legacy control region, whether to support multiple sTTI scheduling are also discussed.
2 Discussion

In the last meeting, the framework on DCI design has been achieved. It was agreed that an sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1, which should provide all the necessary information to decode PDSCH or transmit PUSCH. If two-stage DCI is supported, sDCI2 should only contain some complementary information for the scheduling. In the following sections, we will further discuss the details on DCI design.
2.1 Further discussion on the content of sDCI1 and sDCI2
If the two-stage DCI is supported, sDCI2 should contain the control information complementary to the UE specific sPDSCH/sPUSCH scheduling, which is transmitted in the USS in legacy control region.  The sDCI2 is UE specific and transmitted only if it is on demand, thus the overhead is not a problem. On the other hand, the number of blind decode is not increased if the payload size of sDCI2 is same to that of a legacy DCI format, e.g. DCI format 0/1A. Following control information may be considered in the slow DCI. 

· sPDCCH bandwidth information (i.e. the RB location for sPDCCH within the system bandwidth) can be considered to reduce UE blind detection for searching sDCI and the corresponding power consumption. Such information could also enable the eNB to fast adapt the RBs for sPDCCH due to the capacity requirement or frequency domain channel/interference selectivity reasons.  Note that sPDSCH RB allocations should be scheduled by sPDCCH which shall be decoupled from the above sPDCCH bandwidth information. This information can be provided by either cell specific or UE specific. 
· Aggregation level information (i.e. the AL for UE to monitor its sPDCCH within the sTTI control region) can be considered to further reduce UE blind decode and the corresponding power consumption. This information can be provided by either cell specific or UE specific. 
· Indication of sPDCCH monitoring (i.e. whether the UE configured with sTTI has to blind decode sPDCCH in every sTTI) can be considered to avoid the inefficient detection when there is no sPDCCH in the sTTI. This information should preferably provided UE specifically. 
· Other information that does not necessary to be updated every sTTI, e.g. TPC. 
Whether sPDSCH bandwidth information can be considered to reduce the resource allocation field in sPDCCH should be further studied, as it may impose the scheduling restrictions. In addition, the impacts to UE behavior when the common sDCI2 is not correctly decoded should be clarified. 

In the above examples, most of them do not have to be provided in every subframe, e.g. the sPDCCH bandwidth, aggregation level, and sPDCCH monitoring information can be provided on demand, which means the control overhead and impact to the legacy PDCCH blocking can be minimized even when UE specific PDCCH is used to provide these information.
Proposal 1: The sDCI2 can be provided on demand, i.e. does not have to be transmitted in every DL subframe. 
As analyzed above, the sDCI2 should not contain any information that introduces scheduling restriction. Complete information needed for scheduling data should be contained in sDCI1. The content of legacy DCI could be a starting point with some supplement bit field used for short TTI transmission. Following control information could be considered in the fast part.
For the DL grant, 

· The content of legacy DCI should be contained to schedule data transmission, such as RA, MCS, MIMO information, HARQ process ID number, NDI. TPC could be transmitted by slow DCI as this information is not change very frequent. Whether carrier information is preserved in sDCI should be further studied combining with CA operation. Larger granularity of resource allocation could be considered in order to reduce overhead, e.g. 4 RBs could be regarded as the smallest granularity for RA.  
· Control region reusing indication should be considered for facilitate the mechanism that transmit data with the unused resources in control region.

· One bit flag used for normal DCI and sDCI format differentiation can be considered when sDCI is transmitted in legacy control region. In order to reduce the number of blind decode, the sDCI transmitted in legacy control region should have the same payload size as legacy DCI format, e.g. DCI format 0/1A. One bit could be used to indicate the exact DCI format which is received by UE. For example, value 0 indicates normal DCI format and value 1 indicates sDCI format.
· HARQ/ACK timing information can be considered to indicate the actual feedback position for one DL transmission. [2]
For the UL grant,

· The content of legacy DCI should be contained to schedule UL data transmission, such as RA, MCS, NDI, etc.
· UL DMRS position can be considered to indicate on which OFDM symbol the DMRS is located.

· UL DMRS multiplexing information can be considered to indicate the comb parameter.

· HARQ ID number can be considered to indicate which HARQ process is used for UL transmission as asynchronous UL HARQ is adapted.

· Scheduling timing information can be considered to indicate the actual transmission position for UL data.
The aforementioned bit fields can be considered in addition to the content of legacy DCI format. We are open to introduce other information that is beneficial to sTTI scheduling.
Proposal 2: The above bit field can be considered.
2.2 UE behavior without receiving sDCI2
If two level DCI is introduced, UE is scheduled based on the combination of sDCI2 and sDCI1. While sDCI2 may be missed by UE because of DRX cycle or decoding failure, it should be discussed whether a special UE behavior should be specified for UEs to decode sDCI1. Three possible solutions should be considered as following:

Option 1: A default configuration is configured by eNB, e.g., the length of each short TTI in the subframe, the candidate frequency position for sPDCCH detection and so on. When the sDCI2 for a subframe is not decoded, the short TTI capable UE can monitor its sPDCCH in each short TTI control region based on the default configuration indicated by eNB.

Option 2: UE blind decodes its sDCI1 in each sTTI with all possible candidates, (i.e. sPDCCH bandwidth and or sTTI length) without any restriction.

Option 3: UE monitors its sDCI1 in each sTTI based on the information contained in the sDCI2 which is received successfully most recently.
 Proposal 3: The UE behavior without receiving sDCI2 should be specified if sDCI2 is introduced.

2.3 Indication of sDCI1 monitoring

If the legacy subframe level DRX is reused, a UE configured with sTTI will have to monitor the sPDCCH in all the DL sTTIs during the DRX ON subframes. As sTTI operation is configured with RRC, additional UE power consumption will be paid even when it is not scheduled. Therefore, it can be considered to optimize the UE power consumption by allowing more accurate control of UE monitoring of sPDCCH. Such mechanism is especially beneficial for MBB traffics where sTTI monitoring is enabled during the TCP slow start phase and can be disabled after the slow start. 
An sDCI2 can be used for this purpose, i.e. a PDCCH DCI can be used to control the UE sPDCCH monitoring, following alternatives can be envisioned
1) Alt-1. A PDCCH DCI is used to indicate the UE whether to monitor sPDCCH or not, for the current subframe.

2) Alt-2 A PDCCH DCI is used to indicate the UE about the sPDCCH monitoring behavior for the current subframe, e.g. number and/or the index of sTTI that UE shall monitor

3) Alt-3 A PDCCH DCI is used to activate/deactivate the UE sPDCCH monitoring. Such DCI is transmitted on demand, i.e. not necessary in every subframe. 

The above slow DCI should be UE specific since it is related to the per UE traffic characteristic. Considering the control overhead and impact on blocking in legacy control region, Alt 3 is preferred. 

Proposal 4:   UE specific slow DCI is used to activate/deactive UE sPDCCH monitoring. 
2.4 Transmission of sDCI in legacy control region
As agreed in[3], legacy control region can be shared by CRS-based sPDCCH in the first sTTI of a subframe and legacy PDCCH. However, transmitting the sDCI of the first sTTI in a subframe in the legacy control region should not be mandated, which means that transmission of sDCI within the first sTTI should be supported as well. It should be up to eNB configuration to decide whether to transmit the sDCI for the first sTTI in the legacy control region, or within the sTTI. The configuration should be pre-known by the UE to avoid unnecessary blind decodings.
Proposal 5: It should be up to eNB configuration to decide whether to transmit the sDCI for the first sTTI in the legacy control region, or within the sTTI and the configuration should be pre-known by the UE.
When sDCI is transmitted in legacy control region, the number of blind decode will be increased if the sDCI size is different from the normal DCI format. One simple way to reduce BD time is to keep the sDCI size same with normal DCI format, e.g. DCI format0/1A. One differentiation bit can be added in both normal DCI and sDCI, or different RNTIs can be used for normal DCI and sDCI monitoring. The sDCI for DL/UL is transmitted in the USS only in case of legacy control region. 

If two-level DCI is applied, slow DCI should be carried in CSS or USS. The size can be same with the compact legacy DCI format in the corresponding search space in order to reduce BD times and improve the reliability, e.g. DCI format1C in CSS, DCI format 1A in UESS. New RNTI can be introduced for the slow DCI.

Proposal 6: When sDCI is transmitted in legacy control region, the size should be the same as one of the normal DCI format that UE has to monitor in the corresponding search space. New RNTI can be introduced for the slow DCI.

2.5 Blind decode reduction
sPDCCH blind decodes in each sTTI should be as low as possible in order to reduce sPDCCH processing time. As defined in[4], blind decode time for a DCI format is dependent on the number of aggregation level and the associated number of PDCCH candidates. As observed in the study item, sTTI is more beneficial for UEs with good propagation conditions, e.g. the cell-centre UEs, and considering the number of scheduled UEs in a sTTI is much less than normal TTI case, both of aggregation levels and the associated candidates can be reduced. For example, half blind decodes can be cut down if only two ALs are monitored other than four ALs.  
To limit blind decodes, the design of sDCI formats should aim for the same size for the DL and UL grant, and a bit field is used to indicate the DCI is an uplink grant or downlink grant.
Proposal 7: The blind decode reduction can be considered with the following ways

1) Reducing the aggregation levels

2) Reducing the sPDCCH candidates for each aggregation level

3) Aligned sDCI size for DL and UL grant. 

2.6 Multi-sTTI scheduling
As it is agreed in RAN1#86bis meeting, the DL sTTI length is configured by RRC signalling. In case of large amount of latency critical traffic to be scheduled for a given UE, the eNB has to transmit the related sPDCCH in each sTTI. Considering the scheduling information may be same, the control overhead will increase unnecessarily. One possible solution to reduce the overhead in such scenario is to introduce multiple sTTI scheduling.
A multiple sTTI scheduling indication can be contained in the sDCI. The indication informs the UE how many sTTIs is scheduled by the same grant. The scheduled UE does not have to monitor its sPDCCH within the informed sTTIs.
Proposal 8: Multi-sTTI scheduling should be supported.
3 Conclusion

In this contribution, two level DCI design is further discussed, we have the following proposals:

Proposal 1: The sDCI2 can be provided on demand, i.e. does not have to be transmitted in every DL subframe. 
Proposal 2: The bit field mentioned in section 2.1 can be considered.
Proposal 3: The UE behavior without receiving sDCI2 should be specified if sDCI2 is introduced.

Proposal 4:   UE specific slow DCI is used to activate/deactive UE sPDCCH monitoring.

Proposal 5: It should be up to eNB configuration to decide whether to transmit the sDCI for the first sTTI in the legacy control region, or within the sTTI and the configuration should be pre-known by the UE.
Proposal 6: When sDCI is transmitted in legacy control region, the size should be the same as one of the normal DCI format that UE has to monitor in the corresponding search space. New RNTI can be introduced for the slow DCI.

Proposal 7: The blind decode reduction can be considered with the following ways

1) Reducing the aggregation levels

2) Reducing the sPDCCH candidates for each aggregation level

3) Aligned sDCI size for DL and UL grant.

Proposal 8: Multi-sTTI scheduling should be supported.
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