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Introduction

In RAN1#68bis, the following was agreed for unsynchronized new carrier type:

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 legacy carrier for TDD (Time Division Duplex) system using normal cyclic prefix and special subframe configuration 0 or 5, and using extended cyclic prefix and special subframe configuration 0 or 4, no DM-RS is transmitted. Therefore, these special subframe configurations cannot use DM-RS for PDSCH and EPDCCH decoding. Rather, Rel-8 CRS can be used for demodulation of PDSCH and PDCCH in these special subframes. In this contribution, we discuss the potential usage of these subframes for downlink transmission.
Discussion
In Figure 1(a), (b), the special subframe configuration 0 or 5 for TDD using normal cyclic prefix in a legacy carrier is shown assuming CRS antenna port 0. As seen in the figure, only first 3 symbols can be used for downlink transmission. In the central 6PRBs, symbol 2 is used for PSS transmission. The first one or two symbols can be used as legacy control region. In DwPTS, the channel estimation and coherent demodulation of control signal is performed using the CRS transmission in symbol 0. DM-RS pattern has not been defined for these subframes. Similarly, in TDD system with extended cyclic prefix, special subframe configurations 0 or 4 also do not contain any DM-RS signals.
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	(a) Center 6 PRBs
	(b) PRBs other than center 6 PRBs
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	Figure 1: Special subframe configuration 0 or 5 (subframe 1 or 6) with normal CP
In NCT, CRS port 0 is transmitted using 5ms periodicity. In addition, it has been decided that CRS will not be used for demodulation. Due to the availability of only one symbol for CRS in these special subframe configurations, it is more likely that CRS will be transmitted in a regular subframe containing 4 symbols of CRS for the reliable time/frequency tracking and RRM measurement. Even if CRS is transmitted in these subframes, it will not be used for demodulation purpose based on previous decision.  Therefore, due to the absence of CRS and DM-RS in these special subframe configurations, coherent demodulation will not be possible. This will prohibit the DL/UL grant scheduling using EPDCCH  as well as potential PDSCH transmission in these subframes. Therefore in our view, usage scenarios of these special subframe configurations in NCT require further clarification.
Observation: Due to the absence of DM-RS pattern for special subframe configuration 0/5 for normal cyclic prefix and special subframe configurations 0/4 for extended cyclic prefix, decoding of control/ data transmission will not be possible in NCT.
The following solutions can be considered to resolve the abovementioned issue:

1. Exclude the usage of these special subframe configurations in NCT: In NCT, the problematic cases (special subframe configuration 0, 5 with normal CP and special subframe configuration 0, 4 with extended CP) can be excluded to avoid the issues described above if no other reasonable solution is adopted. Assuming the NCT may be used for small cell of which the cell coverage may be small, the configurations with large GP (Guard Period) may not be needed.  However, further discussion is needed on whether such configurations with large GP are needed or not for NCT design.
2. DM-RS transmission: In order to resolve the issue, DM-RS can be allowed to be transmitted in symbol 0 or 1 for these special subframe configurations. This will allow a potential decoding of EPDCCH or PDSCH transmission in these subframes. A new DM-RS pattern needs to be defined.
3. CRS based demodulation: CRS can be allowed to be transmitted and used for demodulation in these subframes. This would require revisiting our previous agreement that CRS is not used for demodulation. The legacy PDCCH can be transmitted if CRS is used for demodulation as in Rel-11.
4. Subframe bundling: In NCT, when these special subframe configurations are used, a super-subframe/bundled-subframe can be defined by combining the former subframe (e.g. subframe 0) and DwPTS region of the special subframe (e.g. subframe 1). Therefore, a long subframe consisting of the 17 symbols (14 symbols + 3 symbols) can be scheduled to a user by EPDCCH transmitted in subframe 0. 
5. No transmission in the subframe: When TDD transmission is configured with these special subframe configurations, the DwPTS portion of subframe 1 and 6 can be left empty. This may, however, increase the system overhead. For example, for normal CP case, for a 20MHz TDD system using NCT and uplink-downlink configuration 0, the use of special subframe configuration 0 or 5 with empty DwPTS (except for transmission of PSS) will incur an overhead of 17.3%. In addition, this may result in further changes in the UL scheduling/HARQ timing rule, which will in turn require some specification efforts.



Conclusion
In this contribution, we discussed a potential issue with special subframe configuration 0, 5 (normal CP) and special subframe configuration 0, 4 (extended CP) for NCT. We have the following observation:
Observation: Due to the absence of DM-RS pattern for special subframe configuration 0/5 for normal cyclic prefix and special subframe configurations 0/4 for extended cyclic prefix, decoding of control/ data transmission will not be possible in NCT. 

We discussed some potential solutions to resolve the above mentioned problem. It is recommended that RAN1 further discusses the proper solution for this issue.
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