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1 Introduction
In RAN1#72, several issues on Rel-12 NCT were discussed. In this contribution, we discuss the usage of TDD special subframes with 3 OFDM symbols in DwPTS on NCT.

2 Discussion
In TS36.213 section 7.1.7, the following description for PDSCH transmission exists:
For the special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of [3] (TS36.211), there shall be no PDSCH transmission in DwPTS of the special subframe.
In TS36.213 section 9.1.4, the following description for EPDCCH exists:
The UE shall not monitor EPDCCH 

· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3] (TS36.211).

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3] (TS36.211).
· In subframes indicated by higher layers to decode PMCH
Furthermore, the common understanding of Rel-12 NCT is no legacy PDCCH transmission.

In TS36.211 section 6.10.5.2, the following description for CSI-RS exists:
The UE shall assume that CSI reference signals are not transmitted

-
in the special subframe(s) in case of frame structure type 2
According to the above descriptions in Rel-11 specifications, the following observations can be made for special subframe with 3 OFDM symbols in DwPTS on NCT:
Observation 1: Inefficient utilization of the DwPTS, since only PSS is transmitted.
Observation 2: Inefficient utilization of uplink subframes, since UL grants for some UL subframes cannot be transmitted.
3 Possible solutions
Three possible solutions exist for the usage of TDD special subframes with 3 OFDM symbols in DwPTS:
· Method 1: The configuration of special subframe with 3 OFDM symbols in DwPTS is excluded for NCT.

For this method, no significant specification work is needed. However, with such a limitation, the coverage of NCT will be impacted. With the possibility to deploy NCT in macro cells, it is essential to support the special subframe configuration with 3 OFDM symbols in DwPTS on NCT.
· Method 2: Transmission of DCI is not supported in special subframes with 3 OFDM symbols in DwPTS.

The efficiency of DwPTS can be improved by supporting CSI-RS transmission in the DwPTS. New CSI-RS patterns in the first two OFDM symbols can be defined as discussed in [1]. 
The UL grant for UL subframes #3/8 in TDD UL-DL configuration 0/6 and UL subframes #2/7 in TDD UL-DL configuration 1 is transmitted in DwPTS. Without cross-carrier scheduling and any additional mechanism, the maximum UL efficiency loss is 33%, 50% and 40% for TDD UL-DL configuration 0, 1 and 6, respectively. Multi-TTI scheduling is a potential approach to avoid such a loss. 
· Method 3: Transmission of DCI is supported in the special subframes with 3 OFDM symbols in DwPTS.
If the legacy PDCCH is supported in the special subframes with 3 OFDM symbols in DwPTS on NCT, the number of CRS ports should be fixed or configured by higher layers. However, the performance degradation of legacy PDCCH can be significant due to lack of time-domain interpolation for channel estimation. Furthermore, such a design is not aligned with the common understanding that legacy PDCCH is not used on NCT. 
Another approach is that EPDCCH is supported in DwPTS with 3 OFDM symbols. However, new DMRS patterns in the first two OFDM symbols [2] need to be defined for EPDCCH demodulation and some other modifications are also needed, such as the definition of EREG and ECCE.
The general comparison of the above possible solutions is shown in Table 1.

Table1: Comparison of possible solutions

	
	Advantages
	Disadvantages

	Method 1
	Least amount of specification work is needed.
	The coverage of NCT will be impacted.

	Method 2
	DL efficiency is improved by supporting CSI-RS transmission in DwPTS:

· More CSI-RS configurations are supported

· Higher efficiency of PDSCH in normal DL subframes with less CSI-RS transmission
	Additional solution (such as multi-TTI scheduling) for UL grant transmission needs to be defined. Otherwise the efficiency of PUSCH transmission is low for TDD UL-DL configuration 0/1/6.

	Method 3
	No UL efficiency loss.
	Modifications for EPDCCH transmission need to be defined.


4 Conclusions

In this contribution, we discuss the usage of TDD special subframes with 3 OFDM symbols in DwPTS on NCT with following observations:

Observation 1: Inefficient utilization of the DwPTS, since only PSS is transmitted.

Observation 2: Inefficient utilization of uplink subframes, since UL grants for some UL subframes cannot be transmitted.

We also present several possible solutions for the usage of TDD special subframes with 3 OFDM symbols in DwPTS, and propose that the usage of TDD special subframes with 3 OFDM symbols in DwPTS on NCT should be discussed by RAN1.
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