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1
Introduction
In RAN1 #84, the followings have been agreed for sTTI physical channel design [1]:
Agreements:
· Following design assumptions are used for the study

· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier

· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features

Agreements:
· Following design assumptions are considered:

· No shortened TTI spans over subframe boundary

· At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling

· The potential specific impacts for the followings are studied 

· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· UE is expected to receive PDSCH for downlink unicast

· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously

· FFS: The number of supported short TTIs

· If the number of supported short TTIs is more than one,

· The length of short TTI can be variable

· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously

· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit

· TTI length for DL and UL can be different 

In this contribution, we discuss on the design consideration for short-TTI design for PDCCH.
2
Considerations on sPDCCH
It has been agreed that non-sTTI and sTTI resources may be multiplexed in a frequency domain within a subframe from an eNB perspective. In order to avoid legacy UE impact and increase resource utilization, the sTTI resources can be configured in a subset of PRBs in a subframe. Assuming that multiple sTTI lengths for downlink transmission are supported, a set of PRBs may be associated with an sTTI length and multiple sets of PRBs may be configured as sTTI resources as shown in the figure 1 for instance.
The sTTI resources in a subframe may be configured via a higher layer signaling to reduce the L1 control signaling overhead or dynamic configuration using a DCI. The dynamic configuration using a DCI may provide a higher flexibility in terms of resource scheduling for sTTI operation while error propagation should be handled carefully as if a UE fail to receive the DCI for sTTI resource configuration, the UE is not able to receive sPDCCH as well. On the other hand, the higher layer signaling based configuration is more robust to the error propagation and requires much less control signaling overhead.

Proposal-1: sTTI resources in a subframe is semi-statically configured
An sPDCCH can be located in each sTTI to minimize the processing delay so that a UE may not need to wait to receive an associate sPDSCH. A UE needs to blindly decode sPDCCH candidates in its search space in each sTTI which may result in excessive blind decoding complexity as the number of sTTI in a subframe gets larger. Given that an eNB scheduler may know the use of sTTI resource in a subframe from the beginning, the presence of sTTI resource in the subframe can be indicated in each subframe (e.g., in legacy PDCCH region), therefore a UE may skip monitoring sPDCCHs in the subframe.
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Figure 1. Example of sTTI resource configuration in a subframe.
The figure 1 shows an example of semi-static configuration of multiple sTTI resources in a subframe and use a dynamic indication for sTTI resource presence indication for a UE to monitor sPDCCH candidates if the sTTI resource is present.

Proposal-2: the presence of sTTI resource in a subframe can be dynamically indicated
An sPDCCH region in which sPDCCH candidates are monitored can be located in each sTTI and the sPDCCH region can be used as a UE-specific search space for downlink DCI transmission as well as uplink grant. As similar to legacy PDCCH region, a UE monitors a UE-specific search space in a sPDCCH region for both downlink and uplink transmission. To reduce the blind decoding complexity, the DCI format size for DL DCI and UL DCI can be matched.
Proposal-3: a single sPDCCH search space is configured for both DL DCI and UL DCI

Given that a UE may receive sPDSCH and/or PDSCH in a subframe, a UE configured for sTTI operation may need to monitor legacy PDCCH and sPDCCH in a same subframe. As a result, the blind decoding complexity gets increased and it becomes more significant as the number of sPDCCH regions goes higher in a subframe.
The trade-off between blind decoding complexity and scheduling flexibility always has been an issue when a downlink control search space is defined and the blind decoding complexity has been kept in a certain level when RAN1 introduced new types of control channels (e.g., EPDCCH, MPDCCH). Therefore, it is appropriate to keep the blind decoding complexity as before when a UE needs to monitor both legacy PDCCH and sPDCCH search spaces.
Proposal-4: the blind decoding complexity remained same irrespective of the number of sPDCCH regions in a subframe
An sPDCCH region can be configured at the first one or more OFDM symbols within a sTTI as similar to legacy PDCCH configuration (i.e., PDCCH-like design). The TDM multiplexing of sPDCCH and sPDSCH allows less processing time at a UE receiver as it can finish decoding the downlink control channel faster. Considering that the reduction of processing time of sPDCCH and sPDSCH is one of main objectives for this SI, supporting TDM of sPDCCH and sPDSCH seems to be a straightforward.
Proposal-5: TDM of sPDCCH and sPDSCH is supported
3
Summary
In this contribution, we discussed on the design consideration sPDCCH. From the discussions, we propose the followings:

Proposal-1: sTTI resources in a subframe is semi-statically configured
Proposal-2: the presence of sTTI resource in a subframe can be dynamically indicated
Proposal-3: a single sPDCCH search space is configured for both DL DCI and UL DCI

Proposal-4: the blind decoding complexity remained same irrespective of the number of sPDCCH regions in a subframe

Proposal-5: TDM of sPDCCH and sPDSCH is supported
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