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1 Introduction

In the RAN#57 meeting, a WI [1] for New Carrier Type (NCT) was approved and later updated in the RAN#58 meeting [2]. One objective of this WI is to specify necessary enhancements for transmission of data [1][2]. This contribution provides our views on the PDSCH transmission schemes for NCT. 
2 Discussion
In Rel-11, a PDSCH transmitted on a legacy carrier corresponds to a PDCCH with CRC scrambled by C-RNTI, SPS C-RNTI, SI-RNTI, P-RNTI, RA-RNTI or Temporary C-RNTI, or corresponds to an EPDCCH with CRC scrambled by C-RNTI or SPS C-RNTI. In Rel-12, a PDSCH transmitted on a non-standalone NCT will correspond to C-RNTI. If standalone NCT is justified, it should support PDSCHs corresponding to other RNTIs. 

In this section, we divide the possible transmission schemes for NCT into three categories from the perspective of the PDSCH corresponding to C-RNTI, that is closed-loop transmission scheme, fallback scheme and open-loop transmission scheme. 
In Rel-11, CRS-based fallback schemes of PDSCH corresponding to C-RNTI are also used as the transmission schemes for PDSCH corresponding to SI-RNTI, P-RNTI, RA-RNTI and Temporary C-RNTI. Similar principle can be considered for NCT. That is DM-RS based fallback schemes for PDSCH corresponding to C-RNTI can be considered to be used as the transmission schemes for PDSCH corresponding to other RNTIs. Thus, the discussion for fallback scheme will also consider the requirements from the PDSCH corresponding to other RNTIs. 
2.1 Closed-loop transmission scheme 
In the RAN1 #68bis meeting, the agreement that CRS is not used for demodulation on NCT [3] implies the closed-loop transmission scheme for NCT should be based on UE-specific demodulation reference signal (DM-RS). Given that transmission mode 10 (TM10) can support all functionalities of transmission mode 9 (TM9) with improved interference measurements, it is more appropriate to reuse the closed-loop transmission scheme for TM10 for NCT, which utilizes channel state information reference signal (CSI-RS) and CSI-interference measurement (CSI-IM) for feedback. 
As discussed in [4], RAN1 should reconsider whether TM9 also needs to be supported on the NCT. In our understanding, TM9 does not need to be supported on the NCT. Firstly, there is only reduced CRS (RCRS) on the NCT, so interference estimation based on RCRS for feedback would be less accurate than in Rel-10. Secondly, even if the accuracy of the interference estimation based on RCRS is acceptable, UE implementation complexity will increase because a new interference estimation algorithm based on RCRS needs to be implemented. 

In addition, considering that interference estimation based on CSI-IM can provide high accuracy, it is preferred to make CSI-IM mandatory on NCT. 
Considering that NCT may support the enhancements from other Rel-12 work items, e.g., 3D-BF, it is unclear if other new transmission modes and DCI formats will be introduced or if TM10 and DCI format 2D can be reused directly. Thus, the details of the transmission mode and DCI format need further study.  
Proposal 1: DM-RS based closed-loop transmission scheme and feedback mechanism for transmission mode 10 is taken as basis for NCT. Transmission mode 9 is not supported on the NCT.
· The details of transmission mode and DCI format need further study taking into account enhancements introduced in other Rel-12 work items.
· CSI-IM is mandatory on the NCT.
2.2 Fallback scheme 
For legacy carrier in Rel-11, the fallback schemes for TM9 and TM10 are as below:

· Non-MBSFN subframe: If the number of PBCH antenna ports is one, the fallback scheme is single- antenna port (port 0); otherwise it is CRS based transmit diversity.

· MBSFN subframe: The fallback scheme is single-antenna port (port 7).
For NCT, since only a reduced CRS will be transmitted and it is not used for demodulation, the only choice for fallback scheme is single-antenna port (port 7) according to the current mechanism. Considering that DM-RS based PDSCH transmission does not co-exist with type 2 distributed resource allocation, and DCI format 1A is only for type 2 resource allocation, the only available fallback scheme for NCT is single-antenna port (port 7) with type 2 localized resource allocation in MBSFN subframes. 
Single-antenna port (port 7) with type 2 localized resource allocation as the fallback scheme is acceptable for legacy carrier considering the following reasons:

· Not all subframes can be configured as a MBSFN subframe on legacy carrier; subframes 0,4,5,9 in FDD and subframes 0,1,5,6 in TDD cannot be configured as MBSFN subframe. Thus, the UEs in fallback mode can be scheduled in the non-MBSFN subframes which can utilize CRS-based transmit diversity.  
· For the UEs with poor channel quality, they can be also scheduled in non-MBSFN subframes to use CRS-based transmit diversity.
However, for NCT since there is no CRS-based transmit diversity in a non-MBSFN subframe, the only choice is a single-antenna port (port 7) with type 2 localized resource allocation, which could be applicable in all subframes. To determine whether this choice is sufficient for NCT, evaluations are needed.
If standalone NCT is justified, it must also support PDSCH corresponding to other RNTIs. For a legacy Rel-11 carrier, CRS-based transmit diversity is used as the transmission scheme for PDSCH corresponding to SI-RNTI, P-RNTI and RA-RNTI, unless the number of PBCH antenna port is one. However, for NCT there is no CRS-based transmit diversity, so without further enhancements the only available transmission scheme is again single-antenna port (port 7) with type 2 localized resource allocation. An additional consideration for this type of PDSCH is that there is no retransmission mechanism, so robustness is even more critical than for fallback. 
Therefore, discussion and evaluation are needed to determine if single-antenna port (port 7) with type 2 localized resource allocation is sufficient for NCT. If enhancements are needed, some possible ways to be considered are discussed below. 
Option 1: Introducing a new more robust transmission scheme 
DM-RS based transmission schemes which have better performance can be considered. For example, random beamforming based on two antenna ports similar as that used for EPDCCH and transmit diversity can be considered. For transmit diversity, orphan REs are the main concern, so for simplicity transmit diversity could just be allowed in resources with only PDSCH and DM-RS transmissions. However, the benefits need to be further discussed and evaluated. In addition, it needs to be discussed whether single antenna port 7 can still exist along with the new robust transmission scheme.
Furthermore, if the reference signal density for reduced CRS on NCT needs to be increased due to insufficient synchronization accuracy for smaller carrier bandwidths [4], a more robust transmission scheme based on CRS can also be considered. 

Option 2: Using single-antenna port 7 with type 2 modified distributed resource allocation
In some scenarios, distributed transmission has better performance than localized transmission due to more frequency diversity gain. However, the current type 2 distributed resource allocation does not co-exist with DM-RS based PDSCH transmission. A simple way to improve performance is to modify the distributed resource allocation. For example, the mapping scheme from DVRB to PRB can be modified in a simple way for a PDSCH transmitted on NCT. This option can improve the performance of the fallback scheme on NCT with little specification impact. 
The candidate scheme for the enhanced fallback scheme on NCT needs further discussion and evaluation.   
Proposal 2: Discussion and evaluation are needed to determine if single-antenna port (port 7) with type 2 localized resource allocation is sufficient as a fallback transmission scheme for NCT. 
The fallback scheme should correspond to all the transmission modes supported on NCT. As to the corresponding DCI format, it depends on the details of the transmission mode and the fallback scheme, thus it needs further discussion.
2.3 Open-loop transmission scheme
For CRS-based PDSCH transmission, the basic motivation of open-loop MIMO scheme (TM3) was to provide spatial multiplexing gain for moderate and high mobility users. However, for DMRS-based PDSCH transmission, transmission mode 9 and 10 are only optimized for closed-loop and low mobility transmission scenarios. As shown in [5][6][7], from the perspective of performance, open-loop transmission schemes outperform closed-loop transmission schemes in moderate and high mobility scenarios. Considering that TM3 is not supported on NCT and that NCT should support operation in moderate and high mobility scenarios, discussion and evaluation are needed to determine whether DM-RS based open-loop transmission should be introduced for the NCT.

Proposal 3: Discussion and evaluation are needed to determine whether DM-RS based open-loop transmission should be introduced for the NCT. 
3 Conclusion

In this contribution, we provide our views on the transmission schemes for NCT. Based on the discussion in Sec. 2, we have the following proposals:
Proposal 1: DM-RS based closed-loop transmission scheme and feedback mechanism for transmission mode 10 is taken as basis for NCT. Transmission mode 9 is not supported on the NCT. 

· The details of transmission mode and DCI format need further study taking into account enhancements introduced in other Rel-12 work items.
· CSI-IM is mandatory on the NCT.
Proposal 2: Discussion and evaluation are needed to determine if single-antenna port (port 7) with type 2 localized resource allocation is sufficient as a fallback transmission scheme for NCT. 

Proposal 3: Discussion and evaluation are needed to determine whether DM-RS based open-loop transmission should be introduced for the NCT.
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