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1 Introduction

Quasi-co-location (QCL) was introduced in Rel-11 to support TM 10 [1]:
· Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay.
Some configurations with signaling from eNB are also defined for TM 10, where in particular a UE may assume the antenna ports of CRS and antenna ports of CSI-RS are quasi co-located with respect to Doppler shift and Doppler spread in quasi co-location type B [2].
This paper discusses how the quasi co-location can be applied for TM10 on the NCT. For UE to obtain accurate channel properties, cross-carrier quasi co-location is proposed in Rel-12.
2 QCL Definition in NCT
In NCT, for the purpose of reducing the RS overhead, CRS is replaced by reduced CRS (RCRS) in non-synchronized NCT cells, where RCRS might have only one port with a period of 5ms, and RCRS can be removed completely to further reduce the RS overhead in synchronized NCT cells.
It was agreed in Rel-11 that the NCT supports TM10 for CoMP. When the UE is configured in TM10 with quasi co-location type B, the eNB must provide a CRS for each CSI-RS resource as a reference for frequency synchronization.

Unless the network is very precisely synchronized, the CRS and the CSI-RS must be transmitted from the same TP. For example TP A is deployed as a non-standalone NCT on CC2 and as a backward compatible carrier type (BCCT) on CC1. Two cases can be considered for TP A, as shown in Figure 1 and Figure 2. Note that a BCCT can be either a legacy carrier or a backward compatible Rel-12 carrier.
Case 1: There are no PSS/SSS and CRS on CC2, and the synchronization is based on CC1.
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Figure 1 - Synchronized NCT without PSS/SSS/RCRS
For case 1, there is no PSS/SSS and CRS in the NCT cell so that ICIC can be used very flexibly and the maximum throughput improvement can be achieved for all the cells. The synchronization and time/frequency tracking can only be based on the synchronized BCCT cell. However, if TM 10 is used on the NCT, the QCL between CRS and CSI-RS for TP A on the NCT cell is undefined with Rel-11 signaling, since QCL signaling is only defined where CRS and CSI-RS are on the same component carrier.
Observation: in non-standalone NCT cell without PSS/SSS/CRS, the QCL between CRS and CSI-RS on the NCT cell can not be supported with Rel-11 signaling.
Case 2: PSS/SSS and reduced CRS are still transmitted on CC2.
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Figure 2 – Synchronized NCT with PSS/SSS/RCRS
For case 2, CRS is replaced by RCRS on CC2, with only one port and a 5 ms period. Although the overhead is reduced, the available sampling density for time/frequency tracking is also reduced. Based on study in RAN4, this reduced density might be sufficient for RRM measurement [3], but it may cause inaccuracy of demodulation especially in the cases with small system bandwidth [4], e.g. below 5MHz. Thus, this RCRS may not provide accurate frequency tracking as QCL reference for CSI-RS antenna ports, depending on the outcome of RAN4 discussions. 
Observation: in non-standalone NCT cell, RCRS with only one port and a 5 ms period may not provide accurate frequency tracking as QCL reference for CSI-RS antenna ports, especially for demodulation in the cases with the small system bandwidth.
Another case is provided in Figure 3, where two synchronized NCT cells on different carrier frequency are configured to UE and the system bandwidth for the two cells may be small, e.g. below 5MHz. In this case, cross-carrier QCL can be utilized, where the antenna ports of RCRS on the two NCT cells can be configured to be quasi-co-located with each other. Thus synchronization can be based on the total number of RCRS REs of the two NCT cells, resulting in better synchronization accuracy on both carriers.
Observation: when cross-carrier QCL is configured, synchronization accuracy can be improved for the case where two small-bandwidth NCT CCs are configured to the UE.
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Figure 3 Two Synchronized NCT with PSS/SSS/RCRS
From the above discussion, it can be seen that the QCL in NCT cell should be re-designed at least for the synchronized NCT cells. A simple solution is to introduce cross-carrier QCL definition, where two antenna ports from same TP but on cells of different carrier types can be assumed as quasi-co-located. 

Proposal 1: cross-carrier QCL should be introduced in Rel-12:

· A UE can be configured with a quasi co-location assumption wrt {Doppler spread, Doppler shift} between CSI-RS ports from an NCT cell and CRS ports from a BCCT cell, when the NCT and the BCCT are synchronized with each other, at least when PSS/SSS/RCRS are not present on the NCT.
· The serving cell index of the CRS should be added to the CSI-RS resource configuration.

· A UE can be configured with a quasi co-location assumption between RCRS ports from an NCT cell and RCRS ports from another NCT, when both carriers are synchronized with each other.

· Quasi co-location between RCRS ports from an NCT cell and CRS ports from a BCCT, when both carriers are synchronized, is not precluded.

By introducing cross-carrier QCL for non-standalone synchronized NCT cells, RCRS can be omitted on the NCT even if UEs are configured with TM10 and quasi co-location type B on the NCT. Both the initial synchronization and the time/frequency tracking can be based on the RS from the synchronized BCCT cell. The possible configurations of quasi co-location assumptions between the CSI-RS of the NCT, the RCRS of the NCT and the CRS of the BCCT are shown in Figure 4. It is up to the eNB to decide which type of quasi-co-location between CSI-RS and CRS/RCRS should be utilized for the UE. 
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Figure 4 QCL configuration for synchronized NCT cell with PSS/SSS/RCRS
Proposal 2: for non-standalone synchronized NCT where PSS/SSS/RCRS are unnecessary, the reference carrier is signaled by cross-carrier quasi co-location.
As discussed above, the cross-carrier quasi-co-location assumption between CSI-RS and CRS can bring much flexibility for UE to obtain the accurate frequency tracking and make it possible to reduce the RS overhead in synchronized NCT. In order to bring more benefits in NCT design, it should be investigated which other types of reference signals may benefit from the cross-carrier quasi co-location in NCT.
Proposal 3: It should be investigated which other types of reference signals may benefit from the cross-carrier quasi co-location in NCT. 
3 Conclusions
This paper discussed the quasi co-location definition in NCT. In order to provide accurate frequency tracking in TM10 on NCT, the following are proposed:
Proposal 1: cross-carrier QCL should be introduced in Rel-12:

· A UE can be configured with a quasi co-location assumption wrt {Doppler spread, Doppler shift} between CSI-RS ports from an NCT cell and CRS ports from a BCCT cell, when the NCT and the BCCT are synchronized with each other, at least when PSS/SSS/RCRS are not present on the NCT.
· The serving cell index of the CRS should be added to the CSI-RS resource configuration.

· A UE can be configured with a quasi co-location assumption between RCRS ports from an NCT cell and RCRS ports from another NCT, when both carriers are synchronized with each other.

· Quasi co-location between RCRS ports from an NCT cell and CRS ports from a BCCT, when both carriers are synchronized, is not precluded.

Proposal 2: for non-standalone synchronized NCT where PSS/SSS/RCRS are unnecessary, the reference carrier is signaled by cross-carrier quasi co-location.
Proposal 3: it should be investigated which other types of reference signals may benefit from the cross-carrier quasi co-location in NCT.
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