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1
Introduction
During the past RAN1 meetings there have been a series of agreements on QCL operation. The latest agreement confirms the working assumption made in Spokane meeting as follows: 

	· Confirm the following working assumption:

Working assumption:
· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.

· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).

· Support UE reporting for related information, if necessary.


In [2], a summary of QCL open issues was provided. . Based the contributions of different companies, the following list of topics will be summarized in upcoming sections: 

1. QCL Parameters

2. QCL types 

3. QCL assumptions related to Component Carriers (CC)

4. QCL Assumptions for different DL and UL RS and Channels

5. QCL Indication/Signaling Aspects 

 In this contribution, we discuss the remaining QCL aspects which require specification.
2
QCL Definition

In the previous RAN1 discussion it has been agreed that spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver, however RAN1 has an FFS point of the Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).
The spatial channel properties of the antenna ports at transmitter can be of use in the receiver processing. There are in fact two types of Tx spatial properties:

Type 1 of Tx spatial property refers to the use of superposed beams in SSblock (Figure 1) and further use of same beams for CSI-RS transmission. No matter of the beam width of the beams used in the SSblock, spatial QCL linkage between the SSblock and CSI-RS transmission is needed so that the UE known using the same Rx beamformer assumptions when receiving CSI-RS as when receiving SSblock. 
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Figure 1: Spatial QCL between SSblock and CSI-RS P1/P2/P3

Type 2 of Tx spatial property refers to the spatial correlation between Tx beams. In Figure 2 we provide an example of UE RX beamformer training with beam clustering assistance information associated with downlink beams in azimuth and elevation domains. Here, different small circle line types (continuous, dash, dot) indicate downlink beams transmitted in the same discovery block, and large circles indicate RX beams. DL beams #1, #7, #3 form the first spatial cluster, beams #13, #9, #15 form the second, and beams #3, #16, #5 form the third one. By using this information, the UE has awareness of the DL TX beams for which the UE could utilize the same (or close) RX beams. Here, beam training for RX beam#1 exploit the first cluster, the beam training for RX beam#2 exploits the second cluster, and the beam training for RX beam#4 exploits the third cluster.  
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Figure 2: An example of UE RX beamformer training with assistance information. Different small circle line types (solid) indicate TX beams transmitted in the same discovery block. RX beams are marked with large circles.
Using the above types of Tx spatial properties, the UE beam search complexity can be reduced. The SSblock-to-CSI-RS spatial QCL can be signaled to the UE in multiple ways such as:

1. The specification can enforce that the CSI-RS sweeping P1 is collocated with the SSblock. This means that after SSblock detection, the UE is going to be configured with CSI-RS according to the discovered SSblock. However, the CSI-RS configuration might correspond to multiple SSblocks which are originating from different TRPs and are processed with different UE receive beamformers (this may be a configuration for UEs having such reception capability).

2. PBCH can contain the information that upcoming CSI-RS sweeping is collocated with the SSblock. 

3. In RRC connected mode the gNB signals the spatial QCL configured to the CSI-RS.
It seems that the SSblock ( CSI-RS spatial QCL indication is somehow different than the traditional QCL signalling, at least from the perspective that no DCI is available to indicate such QCL. 

The Spatial QCL of the Tx beams of one gNB do not necessarily need to be part of the QCL definition but can be seen as an additional signalling component. On the other hand, the Tx spatial information can be captured in the QCL definition and signalled over the higher layers.
Proposal: consider an implicit or explicit signalling option for spatial QCL between the SSblock and the CSI-RS.

Proposal: consider both options of separate or include the spatial channel properties of the antenna ports at the transmitter in the QCL information. Specify a single signalling alternative.

3
QCL signalling framework

The LTE QCL signalling is constructed on a mix of higher layer signalling and dynamic signalling. In higher layers the following information is delivered to the UE in different parameter sets: crs-PortsCount-r11, crs-FreqShift-r11, mbsfn-SubframeConfigList-r11, csi-RS-ConfigZPId-r11, pdsch-Start-r11, qcl-CSI-RS-ConfigNZPId-r11, zeroTxPowerCSI-RS2-r12. A two bit indication is then formed, allowing the signaling of different parameter combinations from the above. The UE has essentially two assumptions for quasi-colocation of DL signals:

-
Type A: The UE may assume the antenna ports 0 – 3, 7 – 30 of a serving cell are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

-
Type B: The UE may assume the antenna ports 15 – 30 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.

The NR QCL signalling and definition can extend the LTE rules by capturing the agreed spatial properties and allowing for new sets of grouping possibilities between various parameters which can be indicated dynamically.
Proposal: NR definition of QCL comprises of higher layer signalling (RRC) and dynamic signalling (DCI).
One related agreement relevant to this discussion contains the following:  
	Agreements: (RAN1#88 Athens)
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined

· Alt. 3: QCL types are pre-defined




It is by now known that different QCL types and their association to RSs and/or physical channels need to be defined in the specification according to their functionalities such as RRM, demodulation, beam management, etc. Such functionalities may serve as good guidance of the QCL types definition but in the end they are not going to be specified. What we mean is that the total amount of NR QCL parameters include: delay spread, Doppler spread, Doppler shift, and average delay and the spatial parameters observed at the receiver. 
The spatial parameters deserve a bit of discussion. There are two alternatives to treat the spatial QCL: 
1. Define in the specification the exact spatial parameters such as AoA, antenna correlation, etc. 
2. Use the generic term of ‘Spatial QCL’ which can have two scopes: 
a. It facilitates the Tx beam grouping principle to operate, 
b. It gives the UE the necessary information w.r.t the utilization of the spatial filtering at the Tx ports between different RS types or between different RS ports in time. The RAN4 performance requirements might not be about a parameter as such but about testing the above principles.
Proposal: 
· Utilize the generic term of ‘Spatial parameter’ by this understanding that same or different spatial filtering has been applied between transmitted ports. 
· Performance requirements are going to test the grouping principle and the consistency in using spatial filtering between two transmission instances signalled as spatial QCLed.
The QCL indication should be done on QCL types which are pre-defined. General rules related to TX/Rx assumptions are discussed in the following. The QCL signalling framework can contain a mix of antenna co-location rules of various transmitted ports as well as receiver assumption rules. The simplest extended QCL rules imply ways to handle the UE receiver assumption in terms of beam width utilization at the UE. 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, as well as the QCL linkages between other reference symbol types. 
Table 1: extended QCL assumptions

	Type A (basic set): CSI-RS, demodulation for data RS and demodulation for control RS are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	Wide beam at UE 

	
	Narrow beam at UE 

	Type B (sub-set): CSI-RS and demodulation for control RS are collocated with respect to delay spread, Doppler spread, Doppler shift, and average delay
	Wide beam at UE 

	
	Narrow beam at UE 

	Type C (multiple-sets): 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
	Wide beam at UE 

	
	Narrow beam at UE 


Above options are fitting in 3 bits of signalling and control the following: 

· A basic set of transmitted antenna ports are assumed QCLed and they can have two UE beam with assumptions. This is the basic component of signals transmitted from the same panel ( type A QCL.
· A sub-set of transmitted ports can be QCLed, allowing the agreed diversity between the DL control and data transmission, hence it decouples the DMRS for data from the rest of reference symbols. Also it indicates the UE the use of UE wide or narrow beam antenna configuration, allowing the use one Rx beamformer for a set of the collocated signals and a different UE beamformer for another set of collocated signals ( type B QCL
· Multiple sets of QCLed antenna ports which allow different beams to be transmitted from different transmission points or different CSI-RS 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 ( type C QCL.
Proposal: define QCL types in the specification.
Another open point is related to the QCL assumptions to be used on multiple carriers. As transmission on different carriers can originate from different panels, it seems desirable to allow different spatial properties to be used per carrier. 

Proposal: spatial QCL information can be different between CCs and needs to be signalled to the UE.

In Figure 3 we depict an example timeline configuration of QCL assumptions ad reporting from the UE. We would like to highlight few important aspects: 
1. Spatial QCL indication should be mainly used to indicate that same beams are used at the transmitter and may be assumed at the receiver. This is some form of BPL confirmation. 

2. For the transmission of the same resource in time, for example CSI-RS, without any change in Tx spatial filtering, the spatial QCL indication may be omitted.  Nevertheless, the feedback sent by the UE is considered a BPL, meaning that those spatial filtering assumption are going to be used until the next measurement/reporting occasion.
3. While it is understood that the UE may be in a ‘continuous’ beam refinement, the reversing needs to be possible as well, that is the gNB needs to have the possibility to trigger the use of wider beams. The use of wider beams in the UE is needed whenever the spatial QCL rules do not hold or when the transmission of signals suffered modifications which cannot assume previous states of UE RX spatial filtering.
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Figure 3: timeline schematics for QCL signaling use
Proposal: Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.)
(Spatially) QCL for CSI-RS

The CSI-RS structure as as follows: a pool of CSI-RS resource is defined, out of this pool, S CSI-RS resource sets can be configured, each of the resource sets containing a number of CSI-RS resources. The current agreements stipulate that by default, no QCL should be assumed between antenna ports of two CSI-RS resources. If by CSI-RS resources we understand a CSI pattern mapped to antenna ports, then it makes more sense to consider such REs as spatially co-located. One use case where such REs may not be spatially collocated is when a single CSI-RS pattern is used across two TRPs/panels for allowing coherent feedback operation. Such a use case would need allow the UE to use a wider Rx beam.
In summary, we see the following (spatially) QCL structure for CSI-RS:

1. A CSI-RS resource is configured w and wo/ spatially collocated resources (CSI-RS ports)

2. A CSI-RS resource set is configured w and wo/ spatially collocated CSI-RS resources

3. A UE is configured with multiple CSI-RS resource sets, each having independent spatially QCLed configurations.

4
Conclusions
In this contribution we have considered aspects related to QCL definition. The following proposals are summarized:

Proposals: 
· Consider an implicit or explicit signalling option for spatial QCL between the SSblock and the CSI-RS.

· Consider both options of separate or include the spatial channel properties of the antenna ports at the transmitter in the QCL information. Specify a single signalling alternative.

· NR definition of QCL comprises of higher layer signalling (RRC) and dynamic signalling (DCI).
· Utilize the generic term of ‘Spatial parameter’ by this understanding that same or different spatial filtering has been applied between transmitted ports. 
· Performance requirements are going to test the grouping principle and the consistency in using spatial filtering between two transmission instances signalled as spatial QCLed.
· Spatial QCL information can be different between CCs and needs to be signalled to the UE.

· Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.)
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