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Introduction
	In RAN1#84bis:  the following conclusion is reached [1]
· A maximum number of BDs will be defined for sPDCCH in USS
· In case 2-level DCI is adopted, any DCI for sTTI scheduling carried on PDCCH may be taken into account in the maximum total number of BDs 
Conclusion for study till RAN1#85: 
· Two-level DCI can be studied for sTTI scheduling, whereby:
· DCI for sTTI scheduling can be divided into two types:
· “Slow DCI”: DCI content which applies to more than 1 sTTI is carried on either legacy PDCCH, or sPDCCH transmitted not more than once per subframe
· FFS whether “Slow DCI” is UE-specific or common for multiple UEs
·  “Fast DCI”: DCI content which applies to a specific sTTI is carried on sPDCCH
· For a sPDSCH in a given sTTI, the scheduling information is obtained from either:
· a combination of slow DCI and fast DCI, or
· fast DCI only, overriding the slow DCI for that sTTI
· Compare with single-level DCI carried on one sPDCCH or one legacy PDCCH.
· It is not precluded to consider schemes in which the slow DCI also includes some resource allocation information for the sPDCCH.
· Methods for reducing the overhead of single-level DCI can also be studied
· Single-level DCI multi-sTTI scheduling for a variable number of sTTIs may be included



In this paper we have some observations and proposals on the control channel design for shortened TTI, note that carrier aggregation is not considered in the following discussion.

Some observations and proposals
The control channel and DCI design for shortened TTI was discussed for several meetings and some agreements reached, as in [1]. From the discussing, the following requirements should be considered: a maximum number of BDs, control channel overhead, scheduling delay and dynamically TTI length changing. These factors are relevant to each other and should be considered together.

Scheduling Latency
There are two mechanisms for scheduling a UE, one mechanism is that UE could be scheduled on a granularity of sTTI with the scheduling latency to minimum, which means eNB scheduling starts from the beginning of each sTTI. Thus the UE needs to decode all DCI (both slow and fast if two-level DCI is adopted) blindly in the USS since the UE has no idea in which sTTI it will be scheduled. 
It would further bring challenges to balance the BDs, control overhead with the number of UEs that could be scheduled in the same sTTI. If the number of UE supported to be scheduled in the same sTTI is few, there will be scheduling queue when more UEs is supposed to be scheduled in that sTTI, which in reverse increase the latency that reduced by the design of the shortened TTI. For example, when sTTI is shortened to 2OS, eNB could still have the flexibility to schedule multiple consecutive sTTI for one or few given UEs with full or large band frequency resource allocated for sTTI transmission, thus for another UE who is also supposed to be scheduled in that sTTI, one or n sTTI latency is still unavoidable.
Observation 1:   Scheduling latency may be unavoidable for sTTI such as 2OS.

The other mechanism is scheduling a UE by subframe(s) granularity with a slow changed DCI in either semi-static or dynamic way, as discussed in [2] and the slow DCI is UE-specific. Although it could introduce some scheduling delay for one or more short TTIs but within 1ms, it is easier for control channel design, control overhead saving and BDs.  Comparing with the previous discussed mechanism, it has not much impact on the current LTE specifications. 
Proposal 1:
· Scheduling a UE on a basis of one or more subframes with UE-specific slow DCI could be considered for shortened TTI design.

Multiple short TTI lengths supporting
Since more than one sTTI length is agreed for further study, eNB scheduler should have the flexibility to schedule the UE to different sTTI length according to resources with the air interface loading. Thus, in a given time, different sTTI lengths can be FDMed with each other, it may be supposed that changing of short TTI length should be supported for control channel design.
Proposal 2:
· Different sTTI lengths should be supported for scheduling in the same period of time.

Blind detections for shortened TTI
It is agreed that sTTI lengths of 2, 3/4 or 7 symbols could be considered for further evaluation, and if the TTI length is not informed to the UE, there could be a rough calculation that at least 10 USS (at least 6 for 2OS, 4 for 3-4 and 7 OS sTTI) for all of the above symbol options. Since a maximum number of USS BDs will be defined for sPDCCH is agreed in previous meeting and if multiple UE scheduling in the same sTTI are considered, there may be only 2 or 3 candidates of each USS with one aggregation level that could be defined comparing the legacy BDs.
So for a sTTI based fast scheduling option, it is difficult to balance the numbers of UE scheduled in the same sTTI with the number of BDs for USS of sTTI to legacy level without default or configured information in advance.
Proposal 3:
· UE could be configured with a (default) sTTI length for limiting the total number of BDs.

Two-level DCI design
From the previous discussion, there are still many uncertainty of the control channel design. For the sTTI based scheduling if two-level DCI is introduced and slow DCI is UE specific, the slow DCI should not necessarily be limited to the start of a subframe in legacy PDCCH region and the slow DCI for the first scheduling in a subframe may indicate some contents or scheduling information of fast DCI, so there may be different slow DCI format. However, the UE knows which format is expected for blind decoding according to whether the slow DCI is decoded or not. After slow DCI is decoded, the UE will know which fast DCI is for decoding. Therefore, it should not be excluded that the slow DCI containing some scheduling information of the fast DCI.
Proposal 4
· [bookmark: _GoBack]If two-level DCI is adopted, the slow DCI should not necessarily be limited to the legacy PDCCH region and could contain some information of the fast DCI.

Conclusions
In this contribution we provide our views on control channel design for shortened TTI, the observations and proposals are summarized as follows:

Observation 1:   Scheduling latency may be unavoidable for sTTI such as 2OS.

Proposal 1:
· Scheduling a UE on a basis of one or more subframes with UE-specific slow DCI could be considered for shortened TTI design.
Proposal 2:
· Different sTTI lengths should be supported for scheduling in the same period of time.
Proposal 3:
· UE could be configured with a (default) sTTI length for limiting the total number of BDs.
Proposal 4
· If two-level DCI is adopted, the slow DCI should not necessarily be limited to the legacy PDCCH region and could contain some information of the fast DCI.
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