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1 Introduction
In this contribution we provide one some of the QCL issues such as naming of the spatial QCL, QCL for antenna port of SS block and cross carrier QCL. 
2 Discussion 
Spatial QCL parameters

From the received channel properties, the TRP beam forming mainly change the angle-of-arrivals statistics of the channel at the UE. Figure 1 illustrates the examples of angle-of-arrivals of the channel at the UE that may change depending on the TRP beamforming.
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Figure 1: Illustration of TRP beamforming impact on angular channel properties
It can be seen that the specific beamforming applied to TRP can be characterized by the following spatial parameters of the channel which can be used as new spatial QCL parameters
· Mean angle-of-arrival

· Angle of arrival spread

We note that to assist beamforming procedures UE doesn’t have to measure the corresponding parameters and in most of the cases UE just needs to be informed whether the received angular distribution of the power would be the same or not for two antenna ports. Moreover the  beam forming naming conventions for the proposed spatial QCL parameter is following LTE approach, where both frequency and time domain channel properties are characterized by two parameters corresponding to average value and its standard deviation, i.e. {average Delay, delay spread} or {Doppler shift, Doppler spread}. 

Proposal:
· Similarly to time and frequency channel properties, spatial channel properties in NR should be  characterized by two parameters
· Mean angle-of-arrival

· Angle of arrival spread
· UE in most of the cases is informed whether the above angular statistics is the same or not between two antenna ports and, therefore, is not required to measure the absolute values of the corresponding spatial parameters as part of QCL framework
The UE-side beamforming selection in NR can then be assisted by using QCL assumption wrt to the new spatial parameters above. For example:

· To convey information about specific TRP beamforming applied on the antenna ports of the physical channel the QCL assumption with antenna port of beam reference signal should be established wrt to {mean angle-of-arrival, angle of arrival spread}.

· To prevent specific narrow beam UE beamforming selection for reception of the physical channel (e.g. for fallback mode operation) no QCL wrt {average angle-of-arrival, angle of arrival spread} should be established with antenna ports of any other reference signals.

· If the physical channel should be received using single beamforming, all antenna ports of the physical channel should be assumed as QCL wrt {average angle-of-arrival, angle of arrival spread}

· If the antenna ports of the physical channel should be received using different beamforming (e.g. to support non coherent JT), the antenna ports of the physical channel should not be QCL-ed and the QCL with beam training reference signals should be established per each antenna port

From the examples above it can be seen that both parameters are used for the QCL. This is similar to time and frequency domain channel properties in LTE, where both parameters ({average Delay, delay spread} or {Doppler shift, Doppler spread}) are always used to establish QCL between antenna ports. It is, however, noted that there may be use cases where only one new parameter can be used for QCL, e.g. for beam management using beams with different beamwidth. However, the use cases depends on the details of the beam management procedure that needs to be decide first and therefore not discussed in this paper.
QCL assumption for SS block
In RAN1#88bis it was agreed to support multiple beams on SS block. Therefore, some beam management procedure may be already possible using SS blocks, though at most 64 beam would be supported. It is, therefore, useful to reuse some of the acquired channel information from the SS block antenna port for the following procedures. 
In particular, it is envisioned that QCL between antenna ports of one SS block and antenna port of CSI-RS for P2 procedure can be used to indicate the reference Rx beam of the UE to be used for the TRP beam refinement. 
Similar, for the common control channel processing with full beam sweep, each repetition of the common control channel can be associated with one SS block wrt to spatial parameters. In this case, upon detection of the corresponding SS block, UE may be implicitly instructed regarding specific Rx beam to be used for monitoring of the corresponding repetition of the common control channel. 
Proposal:
· Consider the following QCL assumptions for antenna port of SS block

· Antenna port of SS block and antenna port of DM-RS of common control channel wrt to spatial parameters 

· Antenna port of SS block and antenna port of beam management CSI-RS wrt to spatial parameters

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 [1]. 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.
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) 
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) 

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:
· For spatial QCL

· Similarly to time and frequency channel properties, spatial channel properties in NR should be  characterized by two parameters
· Mean angle-of-arrival

· Angle of arrival spread
· UE in most of the cases is informed whether the above angular statistics is the same or not between two antenna ports and, therefore, is not required to measure the absolute values of the corresponding spatial parameters as part of QCL framework

· For antenna port of SS block

· Antenna port of SS block and antenna port of DM-RS of common control channel wrt to spatial parameters 

· Antenna port of SS block and antenna port of beam management CSI-RS wrt to spatial parameters

· For cross-carrier QCL 

· 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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