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Introduction
	In RAN1 #86bis,  the following agreements were reached [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 this paper we have some further observations and proposals on the DCI design for sTTI based on some agreements of sTTI pattern and length configuration in previous meetings.

DCI design consideration for shortened TTI
TTI shortening for LTE is agreed to reduce the air interface latency and hence to improve the throughput as discussed in [2]. However, after the shortest sTTI length is agreed to be two OFDM symbols, the control information for scheduling may not be shortened to the same length considering the control overhead and the blind detection complexity of the UE as well as the necessity to scheduling a UE in each sTTI. Moreover multi-sTTI scheduling within a subframe could be supported, then the scheduling scenarios of sTTI is somehow different with the legacy 1ms TTI case.
So we will discuss the difference for sTTI in the following chapters for both dynamic and semi-dynamic scheduling which activation and deactivation are also based on subframe granularity in previous release.
Dynamic scheduling for shortened TTI.
In legacy system, UE blindly detects the DCI in the search spaces of the PDCCH reign and eNB schedules a given UE at most once per subframe. When shortened TTI is introduced, sTTI based DCI could be introduced to acquire fast scheduling and feedback, which reduce the latency and improve the throughput performance especially for small packet data transferring as studied in [2].
The eNB scheduling became more flexible after the sTTI is introduced since the data packets scheduled for sTTI supported UEs could be very flexible and hence the scheduling of eNB should be flexible. 
Take the 2OS sTTI as example and we assume the data packets could arrive at any sTTI of a subframe, then in the beginning of the 2OS sTTI, eNB actually can schedule only one sTTI in time domain with different subbands for that UE since eNB would not know how many packets and/or UEs it will schedule in the next coming sTTI or sTTIs, and if the data arrives of a given UE exceed the max sTTI subbands within a sTTI, latency occurs. Thus sTTI granularity scheduling seems more suitable for small packets of limited UEs than larger data especially considering the sTTI band is FDMed with legacy 1ms TTI band.
Moreover, considering there are a number of sTTI capable UEs with small data packets for scheduling one by one in a subframe, and the same frequency subbands is assigned for each of them, then the same resource block assignment information for each UE need to transfer 6 times in one subframe from the eNB perspective, which is wasting of radio resources, as in figure 1 with the 2OS sTTI configuration.
[image: ]
Figure 1 sPDSCH RB information duplicated transferred
Observation 1:
· Scheduling in sTTI granularity has limitation within the legacy system.

However, duplicated control information for each sTTI could be saved to reduce the control overhead by introducing a slow DCI, in which it can cover the control information such as the sTTI frequency region for one or a group of UEs at least for one subframe. In addition, the slow DCI could be valid for a number of subframes depending on the detail control information defined. 
On the other hand, two level DCI have limitation if the sPDCCH search space and frequency region are duplicated in a number of subframes, where single level DCI have advantage for such scheduling implementation.
Observation 2:
· Each DCI mechanism has pros and cons depending on certain eNB scheduling implementation.

Semi-static scheduling for shortened TTI
As we discussed in [3], the actual activated resources for semi-static scheduling could be one or some sTTIs in a subframe and there are several mechanism options for the configuration and activation. The activating information of the SPS resources should be considered in the DCI design for sTTI scheduling and should not be transferred more than once in a subframe. So it is also proposed that L1 rather than RRC should decide the activation of exact sTTI(s) of a subframe for a given UE, which increase the sTTI based scheduling flexibility and saving the radio resources. Then the slow DCI is exactly proper for such application.
Observation 3:
· Slow DCI is suitable for the sTTI based SPS operation in shortened TTI implementation.

Conclusions
In this contribution we provide our views and observations on the DCI design consideration for shortened TTI, and we have the following proposals:
Proposal 1:
· Both single level and two level DCI could be adopted as the DL control options, which should not be both valid in the same time, and eNB will decide which to implement. 
Proposal 2:
· [bookmark: _GoBack]Considering the complexity of the specification, we slightly prefer the two level DCI mechanism be adopted.
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