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1 Introduction
In frame structure type 2, special subframes comprise DwPTS, GP and UpPTS. The length of the DwPTS is configured by special subframe configuration. When the length of DwPTS is short, e.g., 3 or 5 OFDM symbols, no UE-RS mapping has been defined in the legacy LTE standards up to Rel-11, partly because PDCCH can be transmitted in the short DwPTS relying on CRS. The PDCCH transmission in the DwPTS has allowed scheduling PUSCHs in all of the available UL subframes, in the UL heavy UL/DL configurations. 
In Release 12 LTE, introduction of NCT is being discussed, one of the main characteristics of which is lack of CRS. When UE-RS can be transmitted, EPDCCH can be used for carrying the UL grants. However, in the short DwPTS where UE-RS is not currently mapped, the lack of CRS and UE-RS causes an issue of not being able to schedule PUSCHs in some UL subframes in the UL heavy UL/DL configurations. 

This contribution discusses alternatives to resolve this short-DwPTS issue in the NCT. 
2 Alternatives for Resolving the Short-DwPTS Issue
Some of the alternatives to resolve the issue are listed below.

· Alt 0: Leave it to eNB implementation (no additional spec change)
When short-DwPTS is configured, e.g., for providing 100 km area coverage, some UL resources cannot be scheduled, which results in UL resource loss. For example, when UL/DL configuration 0 is configured, one out of 6 UL subframes cannot be utilized for PUSCH transmissions, which results in 1/6 = 17% loss of UL resource. 

· Alt 1: No support of short DwPTS in the NCT

Considering that an important use case of CA-based NCT is to increase data throughput via reducing overhead and the basic connection and mobility are still controlled by legacy type of cells, support of NCT in the 100 km coverage scenario may not be important. There will be no UL resource losses as long as non-short DwPTS can carry EPDCCH to schedule PUSCHs.

· Alt 2: Introduce/enhance multi-TTI scheduling for the NCT
Rel-8 LTE has already introduced 2-bit UL index in a UL-related DCI formats to allow multi-TTI scheduling for UL/DL configuration 0, which is a UL heavy UL/DL configuration.  The UL index can be introduced/enhanced in those UL heavy UL/DL configurations, so that non-DwPTS DL subframes can flexibly schedule PUSCHs in all the available UL subframes even if the short DwPTS does not carry EPDCCH. 

If the multi-TTI scheduling is introduced, it is not necessary to introduce EPDCCH in the short DwPTS. However, not utilizing the REs in the short DwPTS other than PSS transmissions incurs up to 4% loss of the RE resources available in each radio frame. For full utilization of the available resources in the short DwPTS, CSI-RS mapping, and/or TTI bundling of a prior TTI and a short DwPTS can be considered. 

· Alt 3: Introduce DMRS and allow EPDCCH transmissions in the short DwPTS
The issue of the UL resource losses can be resolved if EPDCCH transmissions in the short DwPTS are newly introduced and EPDCCH can carry UL grants. However, significant spec impacts are anticipated for the design of new DMRS and EPDCCH in the short DwPTS.
3 Conclusion
This contribution has considered an issue of short DwPTS in the NCT. The main issue is not being able to schedule PUSCHs in some of the available UL subframes. To resolve this issue, four alternatives are identified and discussed:
· Alt 0: Leave it to eNB implementation (no additional spec change)
· Alt 1: No support of short DwPTS in the NCT

· Alt 2: Introduce/enhance multi-TTI scheduling for the NCT
· Alt 3: Introduce DMRS and allow EPDCCH transmissions in the short DwPTS
It is proposed to study further pros and cons of the alternatives.
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