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1 Introduction
In RAN#58, the updated New Carrier Type (NCT) WI was approved for Rel-12 [1]. One objective of this WI is to specify necessary enhancements for transmission of data on NCT. This contribution provides our views on the PDSCH transmission modes (TMs) and antenna port quasi co-location (QCL) assumptions and signalling for NCT.
2 Discussion
Quasi co-location in NCT:

In Rel-11 quasi co-location between reference signals of different types was introduced to facilitate DL CoMP operation from multiple transmission points. More specifically for TM10, in order to perform more accurate frequency tracking CRS antenna ports may be quasi co-located w.r.t. Doppler shift and Doppler spread with NZP CSI-RS via RRC signalling. In RAN1#72, it was also agreed that the TM10 based transmission scheme is supported on NCT. Therefore, the QCL assumptions of TM10 should be also supported in NCT. In principle, the defined QCL signalling may be reused in Rel-12 to support NCT; however, due to the lack of legacy CRS on NCT, some modifications are needed. In particular, as proposed in [2] the existing CRS and NZP CSI-RS quasi co-location assumptions for NCT should be adapted by replacing legacy CRS with tracking CRS (reduced density CRS). 
In RAN1#72, cross-carrier quasi co-location signalling was proposed to support non-standalone synchronized NCT [3]. The main idea is to reuse the reference signals transmitted on the legacy carrier to perform time / frequency synchronization on the synchronized NCT. In this case, the tracking CRS can be completely omitted on the NCT. Another advantage of using  cross-carrier quasi co-location signalling is improved synchronization performance on NCT when the bandwidth allocated to non-standalone synchronized NCT is small. If this approach to support synchronized NCT will be found to be useful, we propose to have further discussion in RAN1 on cross-carrier quasi co-location signalling to support RRM measurements on NCT. In particular, the following extensions should be discussed:
· In the absence of tracking CRS on NCT, an updated RSRQ definition is required which should be based on RSRP and RSSI measurements from different carriers, having potentially different measurement bandwidth.
· In the presence of tracking CRS on synchronized NCT, the quasi co-location assumptions between tracking CRS and tracking CRS, e.g., w.r.t. average gain, are required to allow more accurate RSRP measurements on tracking CRS.

Proposal:

· For NCT, reuse QCL assumption and signalling defined for legacy carriers by replacing legacy CRS with reduced density tracking CRS.
· If the support of synchronized carrier using cross-carrier QCL signalling is found to be useful, discuss possible RRM measurement extensions:

· In the presence of tracking CRS on synchronized NCT, the quasi co-location assumptions between legacy CRS and tracking CRS, e.g. w.r.t. average gain, are required to allow more accurate RSRP measurements on tracking CRS.

· In the absence of tracking CRS on NCT, an updated RSRQ definition is required which should be based on RSRP and RSSI measurements from different carriers, having potentially different measurement bandwidth.
Transmission mode 9:


In RAN1#72, it was recommended to further discuss whether TM9 should be supported in NCT in addition to TM10. As TM10 supports all functionalities of transmission mode 9 (TM9) with improved CSI feedback and interference measurements, the main benefit to support TM9 on NCT is the overhead reduction of two PQI bits. If the DCI overhead of TM10 is found to be a critical issue, two PQI bits in DCI Format 2D should be considered as RRC configurable. For example, the PQI bits may not be present in DCI Format 2D, if the UE is configured in quasi co-location behaviour A.

Proposal:

· TM9 is not supported for NCT.

· If the DCI overhead of TM10 is found to be a critical issue, consider RRC configuration of PQI bits

· For example, the PQI bits may not be present in DCI Format 2D, if the UE is configured in quasi co-location behaviour A.
Opel-loop MIMO:

In RAN1#72, it was agreed that a TM based on TM10 is supported on NCT. The CSI feedback scheme for TM10 is mainly optimized for closed-loop operation. Since the NCT operation also targets medium to high mobility (up to 120 kmph), some discussion on the enhancements of open-loop transmission schemes on NCT is required. 
When considering UE-specific RS based high rank OL MIMO, a good starting point would be to reuse the existing concept of TM3 in order to reduce the standardization efforts. In TM3, CRS facilitates channel estimation for demodulation. In the new TM design, we need to support UE-specific RS based demodulation instead of CRS-based demodulation. However, when UERS is used for demodulation, large delay CDD (LD-CDD) is not directly applicable. Therefore, we need some modifications in order to apply LD-CDD from CRS to UERS based transmission:

It is proposed that the CDD matrix 
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is not applied on the UE-specific RS as seen in equation (1).
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where 
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is the precoding matrix for each RB or RB bundle, and 
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stands for the reference signal of different layers. 
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 changes across RBs or bundled RBs. For the data symbols in PDSCH, precoder 
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, and matrix U are jointly used for precoding. Matrix 
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 varies on a subcarrier-by-subcarrier basis like TM3 in Rel-10:
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In (2), x stands for the data symbol of different layers. The CQI calculation could be similar to TM3 except that the channel should be inferred from the CSI-RS ports instead of the CRS ports.

Another alternative to support high rank OL MIMO transmission would be to use per-RB random beamforming, i.e., D(i) and U are not applied in (2). One of the drawbacks of random beamforming compared with LD-CDD mainly comes from CQI feedback. If we follow the CQI feedback scheme of TM3, one CQI is used to indicate the channel quality for both TBs. Then, the rotational matrix U in LD-CDD averages the channel between different layers, so the fed back CQI could indicate the channel quality of different layers more accurately than random beamforming. Fig. 1 compares the throughput of UE-specific RS based LD-CDD and UE-specific RS based random beamforming (the simulation assumptions are listed in Appendix of this contribution). As expected, LD-CDD performs better than random beamforming for both investigated antenna configurations. Based on those observations, we make the following proposal:

Proposal:
· Define a UE-specific RS based open-loop MIMO transmission mode or scheme supporting up to rank 8 transmission for NCT based on TM3.
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Fig.1 Performance comparison between UE-specific RS based LD-CDD and UE-specific RS based random beamforming (rank 2).

3 Conclusions
In this contribution, we have discussed our views on PDSCH transmission schemes and antenna port quasi co-location (QCL) assumptions and signalling for NCT. The following proposals were made:

Proposal 1:

· For NCT reuse QCL assumption and signalling defined for legacy carriers by replacing legacy CRS with tracking CRS.

· If the support of synchronized carrier using cross-carrier QCL signalling is found to be useful, discuss possible RRM measurement extensions:

· In the absence of tracking CRS on NCT, an updated RSRQ definition is required which should be based on RSRP and RSSI measurements from different carriers, having potentially different bandwidth.
· In the presence of tracking CRS on synchronized NCT, the quasi co-location assumptions between legacy CRS and tracking CRS, e.g. w.r.t. average gain, are required to allow more accurate RSRP measurements on tracking CRS.
Proposal 2:
· TM9 is not supported on NCT.

· If the DCI overhead of TM10 is found to be a critical issue, consider RRC configuration of PQI bits

· For example, the PQI bits may not be present in DCI Format 2D, if the UE is configured in quasi co-location behaviour A.
· Define a UE-specific RS based open-loop MIMO transmission mode or scheme supporting up to rank 8 transmission for NCT based on TM3.
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Appendix


Table 1 Simulation Assumptions 

	Parameter
	Value

	Allocated RBs
	6 RBs

	Channel Model
	SCM high angular spread with 30km/h 

	Antenna Configuration
	eNB: 4Tx | | | |  or X X

UE: 2Rx | | or +

	Receiver Type
	Linear MMSE

	Feedback delay
	8 Subframes

	RI/PMI/CQI Periodicity
	4/2/2 subframes

	CSI feedback mode
	PUCCH 1-0 / PUCCH 1-1 with fixed RI = 2

	Channel Estimation
	2D MMSE

	Noise/Interference Estimation
	Ideal
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