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1. Introduction

The design of control channel and data channel for shortened TTI has been in discussion for several meetings. In RAN1 #85, the following agreements were made [1]
Agreement:
· Confirm the working assumption

· Working Assumption:
· CRS-based sPDCCH is recommended to be supported 

· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 

· DMRS-based sPDCCH is recommended to be supported 

· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 

· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH

· Details are for further study, e.g., FFS whether unused resources is  RB or RE level

Agreement:

· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4

· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options

· the maximum number of supported layers is 2

· the maximum number of supported layers is 4

· the maximum number of supported layers is 8

· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot

Also in RAN1 #87, we have [2]
Agreement:
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.

In addition, in the last meeting several agreements regarding the layout of sTTI have been achieved, while the progress on the control channel related issues is relative slow. In this contribution, we discuss some design considerations regarding the sPDCCH. 
2. Discussions
It has been agreed that both a CRS-based design and a DMRS-based design of sPDCCH are to be supported. It is a common proposal and understanding that, for CRS-based design, the sPDCCH is mapped to the first few OFDM symbols, while the same might not be true for DMRS-based design. Also in discussion is the processing time for sTTI, which determines the HARQ timing and therefore the number of HARQ processes and soft buffer management. Considering the fact that the feature of latency reduction has already caused a lot complication to the existing HARQ mechanism, e.g., the legacy HARQ timing of +4 has been shortened to +3, different sTTI lengths have different HARQ timelines, DL and UL sTTI lengths can be different, and TDD has to be separately designed, it is highly undesirable to further complicate the system by allowing different minimum processing times for CRS-based and DMRS-based sPDCCH. The design of both CRS-based and DMRS-based sPDCCH therefore should be conducted with the baseline of having the same minimum processing time. Accordingly, we propose
Proposal 1: CRS-based and DMRS-based sPDCCH designs have a common minimum processing time.
Regarding the switching among different lengths of DL sTTI, it has been agreed that the DL sTTI is RRC configured in RAN1 #86b. This precludes a dynamic switching DL sTTI from per UE perspective. However, it has also been agreed that falling back to a 1 ms TTI is allowed. Meanwhile, different combinations of DL and UL sTTI have also been agreed based on the concerns of uplink coverage. The combinations of {2,2} and {7,7} have been agreed, while the combination of {2,7} being the working assumption. It is expected that the HARQ timings for each combination will be specified. An important issue remains to specify is whether the combination is also RRC configured, or the UL sTTI length can be varied on a dynamic basis, i.e., signalled in the associated sPDCCH. Since the support of different UL sTTI for a particular DL sTTI is mainly based on the concern of achievable uplink coverage, which is basically a form of resource adaptation, it is a more reasonable approach to allow a dynamically changing UL sTTI. 
Proposal 2: The UL sTTI length is dynamically indicated in the associated sPDCCH.
In the revised WID, it is stated that the standardization of 2-symbol sTTI is to be prioritized [3]. For DMRS-based sPDCCH, the overhead caused by the reference signal is an important issue, which also determines the ultimate performance/efficiency of a sTTI system. Sharing DMRS between sPDCCH and the associated sPDSCH is a candidate solution; such a concept has been discussed by some companies in the past meetings. By sharing the DMRS, the sPDCCH and sPDSCH can be transmitted using the same beam. However, it has also been pointed out that the transmission requirements, such as the MIMO modes, MCS, etc, are different for sPDCCH and sPDSCH, sharing DMRS thus can be problematic [4]. Meanwhile, it has been agreed in RAN1 #85 that, from resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH. At least for localized sPDCCH, that is, the so-called self-contained structure, when sharing DMRS with its associated sPDSCH, the spatial domain that is left unused could be utilized by sPDSCH. An example is provided in Fig. 1. Though such behavior requires more specification effort, the recouped resource is particularly significant for shorter length of sTTI.
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Fig. 1. An example of DMRS-based sPDCCH sharing DMRS with sPDSCH. The sPDSCH utilizes the unused resource of sPDCCH in the spatial domain.

Proposal 3: Study reuse by sPDSCH of the resource unutilized by sPDCCH in the spatial domain.
It has been agreed that the maximum number of blind decoding (BD) in a subframe should be limited. This is straightforward as the resulting decoding complexity has to be capped in all cases, including s TTI. For both CRS-based or DMRS-based sPDCCH, a proportionally smaller DCI as compared with DCIs in normal TTI can be expected. Furthermore, considering the design of a two-level DCI, one slow DCI in the legacy PDCCH region and one in each sTTI, the DCI size of sPDCCH will be made even smaller as part of the DL scheduling information, e.g., MIMO scheme, has been signaled using the slow DCI. To keep the same decoding complexity with legacy UEs, the maximum number of blind decoding in this case naturally should take the DCI size and structure into account. We thus propose

Proposal 4: The maximum number of BD supported depends on the sPDCCH size and structure.
3. Conclusions
In this contribution, we have discussed a few design considerations, and the control channel design to support LTE systems with sTTI. We have the following proposals:
Proposal 1: CRS-based and DMRS-based sPDCCH designs have a common minimum processing time.
Proposal 2: The UL sTTI length is dynamically indicated in the associated sPDCCH.
Proposal 3: Study reuse by sPDSCH of the resource unutilized by sPDCCH in the spatial domain.
Proposal 4: The maximum number of BD supported depends on the sPDCCH size and structure.
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