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Introduction
Based on the agreed WI at RAN#72 meeting about “New Work Item on shortened TTI and processing time for LTE” [1], RAN1 is tasked to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI which covers both carrier aggregation and non-carrier aggregation. For Frame structure type 1, the followings were captured:
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1#86bis)
· Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

Furthermore, the following agreements were reached at RAN1#86:
RAN1#86 agreement:
· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH)
· QPSK is used for sPDCCH
· Tail biting convolutional coding is used for sPDCCH
· For CRS-based sPDCCH 
· In time domain
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 
RAN1#86 agreement: 
· The DL sTTI length of a UE is indicated by eNB
· FFS details of configuration (based on RRC or PDCCH)

In this contribution, we discuss how to support the transmission duration that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH for Frame structure type 1.

CRS-based and DMRS-based sPDCCH
From the feasibility study [2], it is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH where both CRS based TMs and DMRS based TMs are suggested to be supported for DL sTTI transmission. It should be noted that there is always legacy PDCCH that is available before UE is not configured for latency reduction feature. Therefore, legacy PDCCH should be used for configuring the CRS based TM mode or DMRS based TM mode for sTTI transmission.  
For CRS based sPDCCH, there are at least three different options for transmission.
Option A) sPDCCH at the beginning of the sTTI: In line with the agreements from RAN1#86 as shown on Figure 1, the sPDCCH occupies one or more OFDM symbols at the beginning of the sTTI in order to enable early decoding of the control channel. Furthermore, in order to utilise all the resources within the subframe, the sPDCCH of the first sTTI in the LTE subframe can be located in the legacy PDCCH region and hence no additional signalling is needed to inform UE about sPDCCH location. However, the size of the legacy control region may vary, for example 1/2/3 OFDM symbols, resulting also the size of the sPDSCH in the first sTTI to vary accordingly as shown on Figure 1A and 1B. 
Option B) sPDCCH embedded in the sPDSCH: sPDCCH can be embedded into the scheduled sPDSCH as shown on Figure 2 (2nd slot). However, as the scheduling of the sPDSCH is very dynamic in nature, the control design can be divided into two-parts, for example for the case of two-stage control channel design: a slowly changing information carried by “Slow-DCI” format and fast changing information carried by “Fast-DCI” format. The information in Slow-DCI should be valid for one or more legacy subframes and should be transmitted in the legacy PDCCH region. The information in Fast-DCI can go with the scheduled data.
Option C) sPDCCH at the bottom/top PRBs of the sTTI system bandwidth: sPDCCH can be located on a number of PRBs at bottom/top of the system bandwidth as shown on Figure 3 (2nd slot). This may be a fixed number of PRBs or configurable via legacy PDCCH. It should also be possible to place sPDCCH anywhere in the system bandwidth similar to EPDCCH by utilising RRC signalling configuration.
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Figure 1. sPDCCH at the beginning of the sTTI
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Figure 2. sPDCCH embedded in the sPDSCH
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Figure 3. sPDCCH at the bottom/top PRBs of the sTTI system bandwidth

For DMRS-based sPDCCH, all options listed above can be applied except that the sPDCCH with DMRS cannot be placed on the legacy PDCCH region.  
Proposal 1: Two TM modes are supported for sPDCCH, a TM mode where CRS is used for demodulating the sPDCCH/sPDSCH and another TM mode where DMRS is used for demodulating the sPDCCH/sPDSCH.

Two-stage sPDCCH  
As discussed in the SI phase, two-stage sPDCCH (i.e. two-stage DCI formats) is beneficial in order to reduce the overhead of the control information for fast sTTI scheduling. The control information can be divided into two parts: a slow changing information carried by “Slow-DCI” format and fast changing information carried by “Fast-DCI” format. The information in Slow-DCI should be valid for one or more legacy subframes and should be transmitted in the legacy PDCCH region. 
In our view, the scheduling information should be obtained from the combination of the Slow-DCI and Fast-DCI contents. However, the information in Fast-DCI should be valid only for one sTTI which can be configured in either CRS-based mode or DMRS-based mode as discussed in the previous section.
Proposal 2: For the Two-stage DCI formats, the scheduling information for the UE should be obtained from the combination of the Slow-DCI and Fast-DCI contents.
The Slow-DCI format contains some control information such as resource allocation and precoding information which may not be possible to be shared among multiple UEs, hence, in our view, both Slow-DCI and Fast-DCI formats should be a UE-specific when transmitted in USS space. 

Proposal 3: Both Slow-DCI and Fast-DCI formats should be UE-specific when transmitted in UE-Specific search spaces.

Conclusion
In this contribution, we have discussed how to support the transmission duration that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH for Frame structure type 1 and we have the following proposals:
Proposal 1: Two TM modes are supported for sPDCCH, a TM mode where CRS is used for demodulating the sPDCCH/sPDSCH and another TM mode where DMRS is used for demodulating the sPDCCH/sPDSCH.
Proposal 2: For the Two-stage DCI formats, the scheduling information for the UE should be obtained from the combination of the Slow-DCI and Fast-DCI contents.
Proposal 3: Both Slow-DCI and Fast-DCI formats should be UE-specific when transmitted in UE-Specific search spaces.
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