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1. Introduction
In the RAN1#68-bis meeting, TRS was agreed for unsynchronized new carrier type as below:
- New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

▪ This RS port is not used for demodulation

In current TDD system, DL DM-RS was not transmitted in special subframes having shorter DwPTS symbols (special subframe configuration 0 or 5 with normal CP, special subframe configuration 0, 4 or 7 with extended CP). And, in unsynchronized NCT, TRS can not be used for demodulation purpose. Therefore, some solutions for potential usage of these special subframes having shorter DwPTS symbols are needed.
In this contribution, we will discuss these issues and provide our views.
2. Observations and Motivations
In cases of special subframe configuration 0 or 5 with normal CP (using 3 OFDM symbols for DwPTS) and special subframe configuration 0, 4 or 7 with extended CP (using 3 or 5 OFDM symbols for DwPTS), DL DM-RS are not transmitted in current TDD system. Only CRS would be supported. 
For a subframe used for transmitting TRS within 5 subframes corresponding 5ms periodicity of TRS, a normal subframe is more reasonable than a special subframe in TDD. In the special subframe, the number of symbols used for TRS would be restricted (1, 2 or 3 symbols of 4 symbols is used depending on special subframe configuration, only one symbol would be used in the case of some special subframes having shorter DwPTS symbols). Therefore, it is recommended that TRS is not transmitted in special subframes. 

Furthermore, TRS can not be used for demodulation purpose as agreed in the RAN1#68-bis meeting although TRS can be transmitted in special subframes.
By the above, in the special subframes having shorter DwPTS symbols, all the symbols in DwPTS would not be used for any purposes (expect PSS transmission in the central 6 PRBs). Therefore, it could cause undesirable waste of DL resources in the special subframes. Furthermore, some UL subframes could not be transmitted because of absence of DL DM-RS based E-PDCCH for UL grants. 
3. Usage of TDD special subframes for NCT
For potential usage of these special subframes having shorter DwPTS symbols, the following alternatives could be investigated.

Alt 1: The special subframes having shorter DwPTS symbols are not supported in NCT

- The special subframe configuration 0/5 with normal CP and the special subframe configuration 0/4/7 with extended CP are not supported in NCT.

- Minimum specification impact or no specification change by eNodeB implementation
- It depends on coverage of NCT. If the NCT is deployed in small cell having small cell coverage, the special subframe configuration having shorter DwPTS symbols and larger GP (Guard Period) may not be used. On the other hand, if the NCT is deployed in macro cell, the special subframe configuration having shorter DwPTS symbols and larger GP can be needed.
Alt 2: Multi-subframe scheduling or cross-subframe scheduling

- The special subframes having shorter DwPTS symbols may be scheduled by the previous subframe’s control information. 

▪ e.g., E-PDCCH(s) transmitted in subframe #0 may schedule DL symbols in subframe #0 and #1 which are 17(=14+3) symbols in special subframe configuration 0/5 with normal CP, 15(=12+3) symbols in special subframe configuration 0/4 with extended CP or 17(=12+5) symbols in special subframe configuration 7 with extended CP.

- Efficient utilization of DL resources in DwPTS is possible.
▪ e.g., more CSI-RS configurations by supporting CSI-RS transmission in DwPTS
- Specification impact by introduction of multi-subframe and/or cross-subframe scheduling

▪ e.g., the modification of the UL grant transmission and new HARQ-ACK timing could be needed.
Alt 3: Supporting DL DM-RS transmission in the special subframes having shorter DwPTS symbols

- As shown in Figure 1, DL DM-RS is allocated in special subframe configuration 0/5 with normal CP and special subframe configuration 0/4/7 with extended CP.
- Specification impact by allowing DL DM-RS transmission in the special subframes having shorter DwPTS symbols

▪ e.g., the modification of definitions on PDSCH/E-PDCCH transmission (including definitions on EREG/ECCE for E-PDCCH) in the special subframes having shorter DwPTS symbols is needed.
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Figure 1: DL DM-RS transmission in the special subframes having shorter DwPTS symbols with Alt. 3 
Proposal 1: 

For potential usage of the special subframes having shorter DwPTS symbols, the followings alternatives could be investigated.

- Alt 1: The special subframes having shorter DwPTS symbols are not supported in NCT

- Alt 2: Multi-subframe scheduling or cross-subframe scheduling
- Alt 3: Supporting DL DM-RS transmission in the special subframes having shorter DwPTS symbols
4. Conclusion
In this contribution, we discussed the issues on usage of TDD special subframes for NCT with following our proposals:

Proposal 1: 

For potential usage of the special subframes having shorter DwPTS symbols, the followings alternatives could be investigated.

- Alt 1: The special subframes having shorter DwPTS symbols are not supported in NCT

- Alt 2: Multi-subframe scheduling or cross-subframe scheduling
- Alt 3: Supporting DL DM-RS transmission in the special subframes having shorter DwPTS symbols
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