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1
Introduction
Note: This paper is a revised version of R1-1712792.
In the previous contributions [1] [2][3], we provided initial details on the TDD based design for low latency operation. In this contribution, we provide further details on shortened-TTI TDD design and implementation.
2
Discussion
In this contribution, we provide further details for the slot-based sTTI structure and further discuss the following topics: 
-  DL and UL Design in Special Subframes
- Inclusion of additional transmit symbol within the special subframe
2.1 DL and UL Design in Special Subframes
The special subframe contains the DwPTS, Guard Period, and UpPTS regions of transmission. The duration of the downlink and uplink portions of this subframe is configurable based on a chosen special subframe configuration. The number of symbols in the 2nd slot of a special subframe is varying depending on the special subframe configuration. The number of symbols in slot 1 of a subframe is 2/3 under special subframe configuration #1/2/6/7 and 4/5 under special subframe configuration #3/4/8. Since 2/3-symbol sTTI is not supported in TDD, sPDSCH in the second slot of the DwPTS of TDD configurations #1/2/6/7 should not be supported.

Proposal 1: sPDSCH in the second slot of the DwPTS of only TDD configurations #3/4/8 is supported.
Under proposal 1, for DMRS-based transmission, the legacy DMRS patterns defined for slot1 of SSF configurations #3/4/8 can be reused. 
Proposal 2: For DMRS-based sPDSCH in the X-symbol sTTI of SSF configurations #3/4/8, the legacy DMRS pattern is reused.

Given that the length of sPDCCH in slot1 of a normal subframes is at most 2, the transmission of sDCI scheduling sPUSCH in the X-symbol sTTI should be supported.

Proposal 3: The transmission of sDCI scheduling sPUSCH in the X-symbol sTTI should be supported.

For SSF #10, the sPUSCH transmission over the UpPTS is agreed to be supported. Similarly, since the UpPTS consists of 6 symbols, sPUCCH transmission can be allowed.

Proposal 4: The sPUCCH transmission is allowed in the UpPTS of special subframe configuration #10.
2.2 Inclusion of additional transmit symbols within the special subframe

The Guard Period within the special subframe is inserted for all downlink to uplink transitions to control both intra-cell and inter-cell interference, to handle propagation delay, and the need for Tx/Rx and Rx/Tx switching. In Release 8, the Guard Period duration is configurable from one of ten special subframe configurations and is chosen to match the deployed cell size. 

An eNB can potentially decrease the effective Guard Period duration, by scheduling additional resources to near cell users either after the DwPTS or prior to the UpPTS without incurring any additional intra-cell or inter-cell interference. This structure is reflected in the diagram shown in Figure 5.
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Figure 5: Inclusion of additional low latency downlink and uplink symbols within the legacy special subframe
To ensure the feasibility of this new structure, one must consider both intra-cell and inter-cell interference cases. For the intra-cell interference case, the new low latency downlink users that are appended after the legacy DwPTS must not be interfered by the uplink low latency users or legacy UpPTS legacy transmission. In addition, the eNB to eNB inter-cell interference must also be considered. Here the inclusion of a low latency DL users from Cell A should not interfere with Cell B’s reception of low latency UL users. However, note that these new low latency users that have been assigned within the legacy guard interval are near cell users with low TA values. Therefore, cell A can transmit at a lower power to the low latency users relative to its legacy DwPTS transmission. Likewise, for low latency users in cell B, an increase of power can be made relative to the legacy UpPTS transmission. This additional power ramping step on both the DL transmission as well as UL transmission can greatly mitigate any eNB to eNB interference seen. This is aspect of the power ramping is shown in Figure 6.
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Figure 6: eNB and UE power ramping within the legacy guard period to mitigate eNB to eNB intercell interference
Proposal 5: Additional low latency DL and UL symbols, with appropriate power management, can be inserted into the legacy guard period within the special subframe to increase the capacity within the special subframe.  
3
Conclusions 
Based on the discussion presented in the paper, we outlined specific implementation issues regarding a shortened TTI TDD based solution. We propose:
Proposal 1: sPDSCH in the second slot of the DwPTS of only TDD configurations #3/4/8 is supported.
Proposal 2: For DMRS-based sPDSCH in the X-symbol sTTI of SSF configurations #3/4/8, the legacy DMRS pattern is reused.
Proposal 3: The transmission of sDCI scheduling sPUSCH in the X-symbol sTTI should be supported.

Proposal 4: The sPUCCH transmission is allowed in the UpPTS of special subframe configuration #10.
Proposal 5: Additional low latency DL and UL symbols, with appropriate power management, can be inserted into the legacy guard period within the special subframe to increase the capacity within the special subframe.  
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