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Discussion and Decision
1
Introduction
During 3GPP RAN1#86bis it has been agreed to extend the QCL assumptions by introducing spatial related parameters into the QCL definition:
· QCL framework in NR is extended with new spatial QCL parameter(s) to support UE side beamforming/receiving procedure

· FFS details (e.g., receive angle of arrival, transmit angle of departure, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)

· For DM-RS antenna ports, NR supports:

· All ports are QCL-ed

· Not all ports are QCL-ed

· FFS on details

In addition, in beam management it has agreed that:

•
For downlink, NR supports beam management with and without beam-related indication

–
When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE

•
FFS: Information other than QCL

–
FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE

In a previous contribution [3] we have been elaborating on the need for extending the definition for QCL. In this contribution we present our views with respect to how such operation needs to be defined in NR.
2
Discussion
As we have elaborated in [3], different amount of Rx beams may be used by a single or multiple UEs. The current procedures agreed in RAN1 are depicted in Figure 1. The UE is assumed to have the ability of grouping the transmitted beams according to the used received beams. Such grouping information is transmitted to the gNB which then has the opportunity to flexibly select the beams according to the load and in accordance to the UE assumptions on the transmitted beams. To avoid possible beam mismatch at the UE, QCL should be used in signalling the choice of beams assumptions for upcoming transmission. 
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Figure 1: needed procedures for flexible beam operation

Proposal 1: Utilize the QCL framework to indicate the Tx-Rx beam assumptions.
The problem of QCL information may be seen from both UE and gNB perspective. The gNB has knowledge of spatial separation of the transmitted beams, this may be used for informing the UE on beams with similar spatial properties so that beam search gets faster at the UE side. While this may involve some DL signalling, it is not necessary to incorporate such properties into the QCL information. From this perspective, we do not see a need for transmit angle of departure to be part of QCL. An additional reason for this is that the angle of departure has not much meaning in rich scattering environments, but more in LOS environments. 

Observation: Transmit angle of departure is not needed in the QCL assumptions.
From UE perspective things are more different. The UE has the knowledge on the utilization of the received beams for the transmitted beams. This implies that the transmitted beams can be identified and also grouped according to the Rx beams the UE is utilizing. Hence the receive angle of arrival or the spatial correlation of receiver antennas can be used to group the transmitted beams and send this information back to the gNB. 
Proposal 2: Consider UE side information for Tx beam grouping (e.g., receive angle of arrival, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)
3
Extended QCL framework
It is important to discuss also the potential choices of the extended QCL framework in order to understand the signalling burden and operation of the whole scheme. In LTE the QCL framework involves higher layer configuration and dynamic signalling. For NR, a similar approach is possible, with the higher layer signalling indicating the QCL choices and their configuration, while dynamically selecting from these choices on subframe basis. Such signalling is received on PDCCH, it indicates assumptions for the upcoming PDSCH transmission. Such assumptions are highly important in the light of decoupling the transmission points for control and data in a dynamic way. In the following we present some general rules on how such TX/Rx assumptions could be coupled. We propose to define antenna co-location rules as well as receiver beamforming rules.
The simplest extended QCL rules are implying ways to handle the UE receiver assumption in terms of omnidirectional or non-omnidirectional UE receiver utilization. Indeed, for fall-back and increased robustness purposes, it is important to control the UE assumption on the UE receiver utilization. In below table we cover several assumption possibilities in this direction, while in addition we clarify the QCL linkages between other reference symbol types. 
Table 1: extended QCL assumptions

	Type A: Beam identification RS, demodulation for data RS and demodulation for control RS are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	omnidirectional UE receiver

	
	Non-omnidirectional UE receiver

	Type B: Beam identification RS and demodulation for control RS are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	omnidirectional UE receiver

	
	Non-omnidirectional UE receiver

	Type C: a set of beam identification RS ports and one or more demodulation for control RS and one or more demodulation for data RS ports are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay; while another set of beam identification RS ports and one or more demodulation for control RS ports and one or more demodulation for data RS ports are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	omnidirectional UE receiver

	
	Non-omnidirectional UE receiver


The options in Type B allows the transmitter to indicate that downlink control comes from a different analog beam with respect to DMRS for data, hence it decouples the DMRS for data from the rest of reference symbols. Also it indicates the UE the use of omnidirectional antenna configuration, or the use one Rx beamformer for a set of the collocated signals and a different UE beamformer for another set of collocated signals.

The Type C configuration allows different ranks to come from different transmission points or different BRS beams in same transmission point. It also involves UE Rx assumptions such that same Rx assumption is used (hence the BS indicates that transmitted signals are part of the same group reported by the UE
4
Conclusions
In this contribution, QCL antenna port assumptions for NR system at higher carrier frequencies have been considered. The following proposals are summarized:
Proposal 1: Utilize the QCL framework to indicate the Tx-Rx beam assumptions.
Proposal 2: Consider UE side information for Tx beam grouping (e.g., receive angle of arrival, spatial correlation of receiver antennas, Rx/Tx beamforming, etc.)
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