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1 Introduction
During the study item, the following agreements were achieved for DCI design for short TTI.[1]
Agreement
· Select a sTTI scheduling scheme among the following candidates for each sTTI length

· Single level DCI 
· RRC configuration of sPDCCH search space and/or sPDCCH frequency region

· UE-specific information in sDCI related to sPDSCH/sPUSCH

· Two level DCI 
· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below

· variant 1
· Slow DCI: non UE-specific information in PDCCH 

· Fast DCI: UE-specific information in sDCI
· variant 2
· Slow DCI: UE-specific information in PDCCH

· Fast DCI: UE-specific information in sDCI
· variant 3
· Slow DCI: UE-specific information in PDCCH and/or sPDCCH

· Fast DCI: UE-specific information in sDCI
· Note: the sTTI scheduling scheme may be the same or different for different sTTI length

· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation

· FFS support of multi-sTTI scheduling

· Additional L1 signaling related to sTTI operation can be considered

In RAN1#86bis meeting，several companies submit their contributions on two level DCI[2]-[5]. In this contribution, we show our opinions on the DCI design for LTE short TTI.
2 Discussion

In the last meeting, many companies submitted their contributions on two-level DCI. It seems that the three variants on two-level DCI design can be converged in two alternatives:

· Alt.1: The scheduling information is simply split into fast DCI and slow DCI, i.e. variant 2/3.

· Alt.2: Only the information not related to sPDSCH scheduling is contained in slow DCI, in order to reduce the overhead of sPDCCH in each sTTI, e.g. variant1. 

In the following part, we will discuss the above two alternatives. In addition, the UE behavior when slow DCI is not received correctly is also discussed.

2.1 Further discussion on two level sDCI design

The two level DCI design by splitting the sPDSCH scheduling information to the UE specific slow and fast DCIs has the following drawbacks, compared to a single level DCI design. 

· Increased overall PDCCH overhead
The PDCCH overhead should be considered in the whole subframe other than only in the sTTI.  If the information contained in slow DCI is part of sPDSCH scheduling information, the slow DCI has to be UE specific. Considering the CRC attachment for both slow DCI and fast DCI and, more CCEs are required when the single DCI bit length is small, the overall PDCCH overhead on subframe-level perspective is obviously increased.  As evaluated in our contribution [6], the overhead of the splitting two-level DCI is about 38.2% higher than that of single-level DCI.

· eNB scheduling restriction 

A short TTI capable UE has to receive both slow DCI and fast DCI in order to obtain its scheduling information. While the slow DCI is signaled per subframe, a short TTI capable UE can only be initially scheduled at the beginning of each subframe, according to the proposals. However, if the data for a UE is coming in one of the short TTI in the middle of the subframe, the eNB may have to schedule the UE in the next subframe since the previous scheduling decision (e.g. RB allocation, MCS etc) did not take these newly arrived data into accout. This will increase the latency of data scheduling.  On the other hand, the slow DCI in each subframe has to be decoded correctly before fast DCI is decoded.  The short TTI in this subframe will be neglected when the slow DCI was not decoded correctly, or is missed due to the UE DRX. 

· Increased CCE blocking probability in legacy PDCCH control region

Assuming that the UE-specific slow DCIs are always transmitted in legacy control region, the blocking probability of legacy PDCCH will be increased. The assumption for calculating CCE resources is shown in Table 1. In a 10MHz case, total of 26 CCEs can be used for both legacy DCI and slow DCI in legacy control region with two PDCCH symbols. As indicated in [7], the CCE utilization may typically be lower than 50% in order to guarantee normally reasonable PDCCH blocking probability, given the legacy PDCCH search space limitation. Thus at most 13 CCEs can be used for PDCCHs. From our system level simulation[6]

, 4.8 UEs are scheduled in a subframe and the control channel of each UE occupies 1.6 CCEs on average. Which means about 8 CCEs will be occupied by slow DCI, and only 5 remaining CCEs are available for normal PDCCH transmission, including PDCCH for common signalling scheduling (e.g. paging, SIB, RAR) as well as UE specific PDCCH for normal TTI scheduling, which is far from sufficient. 

Table1: Assumptions for CCE resource calculation

	Bandwith
	10MHz

	Ng
	0.5

	CRS AP number
	2

	OFDM symbol 
	2


Therefore, such two level UE specific DCI design should not be adopted for short TTI. 

Proposal 1: The two level DCI design by splitting the sPDSCH scheduling information to the UE specific slow and fast DCI should not be adopted.

However, it may be considerable to adopt the above alternative 2. The slow DCI may contain the control information not highly dependent on the UE specific sPDSCH scheduling, either transmitted in the CSS or in the USS in legacy control region. Following control information may be considered in the slow part.

· 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 slow DCI was 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 2: A slow DCI which contains the control information not dependent on the UE specific sPDSCH scheduling can be considered, either transmitted in CSS or USS. 

Proposal 3: The slow DCI can be provided on demand basis, i.e. does not have to be transmitted in every DL subframe. 
2.2 UE behavior without receiving slow DCI

If two level DCI is introduced, UE is scheduled based on the combination of slow DCI and fast DCI. While slow DCI 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 fast sDCI. 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 slow DCI 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 fast sDCI in each sTTI with all possible candidates, (i.e. sPDCCH bandwidth and or sTTI length) without any restriction.

Option 3: UE monitors its fast sDCI in each sTTI based on the information contained in the slow DCI which is received successfully most recently.

Proposal 4: UE behavior should be further studied when the slow DCI is not obtained.  
2.3 Indication of fast DCI monitoring

If the legacy subframe level DRX is reused, a UE configured with sTTI will has 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.
A slow DCI 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 5:   UE specific slow DCI is used to activate/deactive UE sPDCCH monitoring. 
3 Conclusion

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

Proposal 1: The two level DCI design by splitting the sPDSCH scheduling information to the UE specific slow and fast DCI should not be adopted.

Proposal 2: A slow DCI which contains the control information not dependent on the UE specific sPDSCH scheduling can be considered, either transmitted in CSS or USS.  

Proposal 3: The slow DCI can be provided on demand basis, i.e. does not have to be transmitted in every DL subframe. 
Proposal 4: UE behavior should be further studied when the slow DCI is not obtained. 
Proposal 5:  UE specific slow DCI is used to activate/deactive UE sPDCCH monitoring. 
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