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1 Introduction

In the RAN1#72 meeting, the transmission mode for NCT was discussed and the following conclusions were agreed [1]:   

· A TM based on TM10 is supported on NCT
· FFS until RAN1#72bis whether TM9 is supported on NCT
Whether to support only one TM on NCT, fallback transmission scheme and how to extend QCL needs to be discussed, due to reduction of CRS for NCT. In this contribution, we give more detail views above issues.
2 Discussion

2.1 Transmission mode for NCT

TM 9 needs CRS for interference estimation when PMI/RI reporting is not configured. TM10 supports all functionalities of TM9 with improved CSI feedback and interference measurements. DCI Format 2C has 2 bits less overhead than format 2D. However, this is not significant for those DCIs. Thus, TM9 does not provide further significant enhancement, if supported by NCT.

Proposal 1: A TM9 should not be supported on NCT.
For TM10 supported on NCT, it is desirable to evaluate how this TM can be adapted for NCT. These aspects need to be considered: open-loop MIMO transmission scheme on NCT, efficient support of MU-MIMO operation on NCT etc. However, no significant gains are shown with those enhancements on TM10. 
BCT can support robust transmission by TM other than TM10. This gives BCT possibility to deployment in various scenarios. In the study scope of NCT, it is not only limited to low speed access. It is possible for Macro BCT aggregated with Macro NCT. Then NCT operation also needs to work at medium to high mobility (up to 120 km/h). TM10 was introduced mostly for CoMP operation in Rel-11. TM10 itself may not work well when the UE in worse channel condition. In that case, CoMP operation should be disabled and DCI format 2D is too large for worse channel condition and high speed operation.
With the above consideration, NCT should support the case when spatial multiplexing is hardly applicable.  It is suggest considering another transmission mode for high speed and worse channel condition, in addition to fallback of TM10.
Proposal 2: In addition to fallback of TM10, it is suggest considering another transmission mode for high speed and worse channel condition.

2.2 Fallback transmission scheme
Robustness of the fallback transmission scheme should be provided for NCT. In NCT, Reduced CRS is not used for demodulation. DM-RS based PDSCH transmission does not co-exist with type 2 distributed resource allocation in current standard. The only available fallback transmission scheme in TM10 is single antenna port 7 with type 2 localized resource allocation. Due to no frequency diversity, especially when transmitting in small bandwidth, single antenna port 7 with type 2 localized resource allocation performance may not be reliable.

As a enhancement mentioned in [4][5], DM-RS based transmission schemes which have better performance can be considered as fallback transmission. Examples could be: random beam-forming based on port 7/9, DM-RS based transmit diversity and single-antenna port 7, all with modified distributed resource allocation (DVRB applied to both slots).

Evaluations about performance of the above transmission scheme are given here, and the detailed simulation assumptions are in Table 1 of Annex. The simulation results for ETU 120km/h are shown in Figure 1. In addition, the performance of CRS-based transmit diversity is also provided for comparison.
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Figure 1 Simulation results for different transmission schemes

The simulation results shows that the performance of single antenna port 7 with type 2 localized resource allocation is much worse than the performance of CRS-based transmit diversity. DM-RS based transmit diversity with type 2 modified distributed resource allocation and single antenna port 7 with type 2 modified distributed resource allocation are better than single antenna port 7 with type 2 localized resource allocation.
To ensure the performance of fallback transmission, both DM-RS based transmit diversity with modified distributed resource allocation and single antenna port7 with modified distributed resource allocation need to be considered.
Proposal 3: To ensure the performance of fallback transmission, both DM-RS based transmit diversity with modified distributed resource allocation and single antenna port 7 with modified distributed resource allocation need to be considered.
2.3 Proposed QCL enhancements on NCT
In Rel-11, UE can be configured by QCL assumption between CRS ports and CSI-RS ports, by higher layer parameter qcl-CRS-Info-r11 for quasi co-location type B. UE configured in TM 10 and QCL assume a CRS antenna ports 0-3 associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource with respect to Doppler shift, and Doppler spread.
NCT RCRS have only one port with periodicity of 5ms. RCRS can be removed completely to further reduce the RS overhead in synchronized NCT.

In presence of RCRS on NCT
In this case the NCT may not be synchronized with any other carrier. RCRS is better candidate than CSI-RS. In this case, RCRS is good for reference to demodulated DMRS. Although RCRS is only transmitted every 5ms, large scale channel properties such as the Doppler shift and Doppler spread do not change significantly within 5ms especially for slow moving UEs. It is proposed that existing QCL type A and type B can be configured for NCT with RCRS.
For the QCL behavior and PDSCH RE mapping rule for NCT, it can be considered that the parameters related with RCRS in a higher layer signaling (e.g. RCRS subframe, scrambling ID,) in similar ways as that for CRS in Rel-11.
RCRS should replace CRS for NCT QCL type A and QCL type B, for at least unsynchronized NCT.
In absence of RCRS on NCT
In this case, NCT can use the reference signals transmitted on a legacy carrier to perform time/frequency synchronization on the synchronized NCT, i.e. where the legacy and NCT carriers are synchronized so that no separate synchronization processing is needed in the receiver.
For synchronized NCT, cross-carrier QCL can be supported. It can determine the PDSCH RE mapping for the case where a UE configured with TM 10 and QCL type B. Further detail can be carried out after the synchronized NCT concluded. The synchronized NCT allow referring CRS with ports number more than 1. This gives better option than RCRS. 
Proposal 4: if RCRS is removed from the synchronized NCT, then cross-carrier QCL is required, otherwise, the QCL can apply same parameters already defined for CRS to the RCRS.
2.4 CSI feedback in the NCT
For Rel-11 TM9, the interference estimation for CSI feedback was based on CRS when the parameter pmi-RI-Report is not configured by higher layers. Since CRS in NCT is reduced, it is necessary to define the CSI feedback without PMI/RI reporting in NCT. Defining CSI feedback without PMI/RI reporting in the NCT should be done after the fallback transmission scheme on NCT finalized. 

Proposal 5:  CSI feedback without PMI/RI reporting in the NCT should be done after the fallback transmission scheme on NCT been finalized.

3 Conclusion
This contribution analyzed transmission modes and QCL behavior for NCT and provided following proposals:
Proposal 1: A TM9 should not be supported on NCT.
Proposal 2: In addition to fallback of TM10, it is suggest considering another transmission mode for high speed and worse channel condition.

Proposal 3: To ensure the performance of fallback transmission, both DM-RS based transmit diversity with modified distributed resource allocation and single antenna port 7 with modified distributed resource allocation need to be considered.

Proposal 4: if RCRS is removed from the synchronized NCT, then cross-carrier QCL is required, otherwise, the QCL can apply same parameters already defined for CRS to the RCRS.

Proposal 5: CSI feedback without PMI/RI reporting in the NCT should be done after the fallback transmission scheme on NCT been finalized.
4 Reference
[1] 3GPP, “Draft Report of 3GPP TSG RAN WG1 #72 v0.1.0”, St Julian’s, Malta, Jan. 28 – Feb. 1, 2013

[2] R1-122770, Transmission modes for NCT, Qualcomm Incorporated

[3] R1-131906, Views on transmission mode and QCL for NCT, Intel Corporation

[4] R1-131842, Evolution of transmission mode 10 for NCT, Huawei, HiSilicon

[5] R1-132010, Transmission mode handling for NCT, Ericsson, ST-Ericsson 
[6] R1-130127, Considerations for Non-standalone NCT, ZTE 
[7]R1-130125, Considerations on measurement in New Carrier Type, ZTE

5 Annex
Table 1 simulation assumptions
	Parameter
	Value

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Channel model and velocity
	ETU 120km/h

	Number of PDSCH RBs
	4

	Antenna configuration
	2 TX, 2 RX

	PDSCH starting symbol
	0

	CRS port 
	None for DM-RS  based transmission schemes; 

    Port 0 and port 1 for CRS-based transmit diversity

	Antenna correlation 
	Low correlation 

	Channel estimation
	Real

	Modulation 
	QPSK

	Code rate
	Turbo, 1/3, 2/3

	Receiver type
	MMSE
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