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1 Introduction
In RAN#86bis, it was agreed to further study multi-carrier operation of NR (e.g. support of carrier aggregation) as means to achieve contiguous wideband transmission [1]. For such scenarios, it was also agreed to study QCL issues for antenna ports of the reference signals transmitted on different component carriers.
	Agreements:

· FFS:

· QCL between antenna ports transmitted on different CCs 


In this contribution we provide the use cases for multi carrier QCL for the antenna ports transmitted on different component carriers. This is resubmission of R1-1702215.
2 Discussion on multi-carrier QCL
Similar to LTE, it is expected that NR should be capable of supporting carrier aggregation feature to facilitate downlink and uplink transmission over channels with different bandwidths. The carrier aggregation framework in NR, should be flexible enough to support aggregation of the component carrier in different bands (inter-band CA) as well as component carriers in the same band (intra-band CA), where intra-band CA would be more common scenario for the carrier frequencies above 6GHz. 
In the scenarios with intra-band CA due to use of the same RF and antenna panels, it may be beneficial to consider QCL assumption between antenna ports transmitted on different CCs. The cross-carrier QCL for the antenna ports can reduce or avoid overhead associated with transmission of the beam management reference signals, synchronization reference signals, RRM measurement reference signals or other reference signals that provides the same or similar measurement results on the component carriers.
Beam management
In general case NR should support independent beam management procedures on different component carriers. However, in practice for the frequency bands above 6GHz, due to use of the same RF and antenna panels, the selected analog beamforming is typically common for all aggregated component carriers. In addition, the set of the preferred analog beams should be the same across aggregated carriers within operating band that can be used to optimize beam management procedure. More specifically, the beam management procedure in CA case can be simplified and carried out only by the gNB and UE using only one component carrier. In this approach the set of the acquired beams can then be reused for the other component carriers by establishing the corresponding cross-carrier QCL assumptions for the antenna ports wrt to spatial domain QCL parameters of the channel.
Proposal:

· To support beam management procedure in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to spatial QCL parameters of the channel (e.g. mean angle-of-arrival and angle-of-arrival spread) 
Synchronization signals

Similar optimizations can be introduced for the synchronization signals, where the acquired time and frequency offsets on one component carrier are valid for other component carriers. In this case the synchronization procedure can be simplified and carried out by the gNB and UE using only one component carrier. In this approach the acquired timing and frequency offsets can be reused for the other component carrier(s) by establishing the corresponding cross-carrier QCL assumptions for the antenna ports of the reference signals wrt to time and frequency domain QCL parameters of the channel. 
Proposal:

· To support synchronization procedures in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to time and frequency QCL parameters of the channel (e.g. average delay, delay spread Doppler shift and Doppler offset) 

RRM measurements 

Similar optimizations can be introduced for the RRM measurement signals, where the RSRP measured on one component carrier may be also valid for other component carriers. In this case the RRM measurements can be improved by averaging or reusing of the RSRP measurements from different component carriers. For example, If QCL assumption is established wrt to power domain QCL parameter (i.e. average gain), RSRQ reports (as defined in LTE) for each component carrier can be obtained by re-using RSRP across the component carriers, without transmitting the RRM measurement signals.
Proposal:

· To support RRM measurements in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to power QCL parameters of the channel (e.g. average gain)
3 Summary

In this contribution we provide details of the use cases for antenna ports QCL across the component carriers. The following proposals were made for multi carrier QCL support:
· To support beam management procedure in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to spatial QCL parameters of the channel (e.g. mean angle-of-arrival and angle-of-arrival spread) 
· To support synchronization procedures in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to time and frequency QCL parameters of the channel (e.g. average delay, delay spread Doppler shift and Doppler offset) 

· To support RRM measurements in NR, consider establishing QCL between antenna ports of the reference signals transmitted on different component carriers wrt to power QCL parameters of the channel (e.g. average gain)
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