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1 Introduction
In Rel’11, antenna ports quasi co-location for PDSCH configured in transmission mode (TM) 10 is defined as follows [1]:

· Type A: The UE may assume that the antenna ports 0-3, 7-22 of a serving cell are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, and average delay.

· Type B: The UE may assume the antenna ports 15-22 corresponding to the CSI-RS resource configuration identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 and the antenna ports 7-14 associated with the PDSCH are quasi co-located with respect to Doppler shift, Doppler spread, average delay, and delay spread.

In addition to definition of type A and type B, UE configured in TM 10 and with quasi co-location type B may assume the antenna ports 0-3 associated with qcl-CRS-info-r11 corresponding CSI-RS resource configuration and antenna ports 15-22 corresponding to the CSI-RS resource configuration are quasi co-located with respect to Doppler shift and Doppler spread [1].

In previous RAN1 #68bis meeting, we reached following agreement: 

· 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

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

The response LS [2] from RAN4 was received, which contains the following information: 

· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient

Since TM 10 was agreed as basic DL transmission mode in NCT, quasi co-location behaviours in TM 10 should be also defined for NCT.  In this contribution, we discuss antenna port quasi co-location in NCT.
2 QCL behaviour in NCT
Instead of CRS transmission, RS over antenna port 0-3, RS for time and frequency tracking (we call it TRS hereafter) will be transmitted with a period (e.g, 5 ms) in NCT. Since TRS can improve the time tracking and frequency tracking performances according to [2], it would be better to maintain the type A definition of antenna port quasi co-location in NCT. Hence, re-definition of antenna port quasi co-location is required for type A. In principle, it would be desirable to re-use existing definition as much as possible. Considering that principle, one simple modification may be that CRS antenna port would be replaced with TRS antenna port in type A definition if TRS is defined over an antenna port (e.g, antenna port x). 
Proposal 1: In type A definition in TM 10, CRS antenna port should be replaced with TRS antenna port.
In TM 10 and antenna port quasi co-location type B, UE can assume the CRS antenna port corresponding to CSI-RS resource and CSI-RS antenna port with respect to Doppler shift and Doppler spread. By this assumption, UE may be assisted by CRS to maintain frequency tracking. According to [2], full system bandwidth for TRS transmission improves time tracking, frequency tracking performance for system with large bandwidth. Applying this for antenna port quasi co-location between CRS and CSI-RS, we can also simply replace CRS antenna port corresponding to CSI-RS resource with TRS antenna port if TRS is defined over an antenna port. However, since the robustness of time-frequency tracking for 6 RB TRS bandwidth was not confirmed [2], quasi co-location behaviour in case of 6 RB TRS bandwidth may be revisited later if necessary.
Proposal 2: A UE configured in TM 10 and with antenna port quasi co-location type B, quasi co-location between TRS antenna port and CSI-RS antenna ports is supported. 6 RB TRS bandwidth case may be revisited later if necessary.
In case of synchronized NCT, PSS/SSS and TRS may not be transmitted. By definition, synchronized NCT requires a synchronization reference carrier. Hence, CRS antenna port of a synchronization reference carrier can be employed to define antenna port quasi co-location behaviour for a synchronized NCT. Therefore, quasi co-location between CRS of reference carrier and CSI-RS/DM RS of synchronized NCT carrier can be defined for quasi co-location type A and/or B for TM10 operation in NCT, where more details should be discussed further.
Proposal 3: Antenna port quasi co-location behaviour between CRS of reference carrier and CSI-RS/DM-RS of NCT should be introduced.
3 Conclusions

In this contribution, we discuss the antenna port quasi co-location behaviour in NCT. The summary of the contribution is as follows:
Proposal 1: In type A definition in TM 10, CRS antenna port should be replaced with TRS antenna port.

Proposal 2: A UE configured in TM 10 and with antenna port quasi co-location type B, quasi co-location between TRS antenna port and CSI-RS antenna ports is supported. 6 RB TRS bandwidth case may be revisited later if necessary.
Proposal 3: Antenna port quasi co-location behaviour between CRS of reference carrier and CSI-RS/DM-RS of NCT should be introduced.
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