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1. Introduction
In RAN1#88 [1], three alternatives have been agreed for down selection as shown below:

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

Meanwhile, in RAN1#88bis, the following aspects for [88bis-12] email discussion have been endorsed [2] to kick off the email discussion on QCL types:
· Email discussion until the next meeting to collect inputs of QCL types based on the table below – Ruyue (ZTE)

· Note: the table is to facilitate understanding and discussion only

This contribution summarizes views on QCL types in NR according to [88bis-12] email discussion.
2. Discussion on QCL Types 
Table 1 Summary of views on QCL Types from companies

	Company
	Views on QCL Types

	ZTE
	Types of QCL
parameter set
QCL parameters
Example pairs of RSs /RS resources

(reference RS, targeted RS)
Application case
Type 1 or 1’

[2] or [2][6]

(SS,SS)

(SS,CSI-RS)

1. Two SSs transmitted from the same TRP with different beam.

2. In the scenario with multiple TRP similar to LTE CoMP scenario 4, the SS is used as the reference of CSI-RS (from different TRP) for synchronization.

Type 2 or 2’

[2][4]  or [2][4][6]

(SS,CSI-RS)

1. The SS is used as the reference of CSI-RS for synchronization when the CSI-RS is transmitted from the same TRP as the SS.

Type 3 or 3’

[1][2] or [1][2][6]

(CSI-RS,DM-RS)

(CSI-RS,CSI-RS)

(PTRS, DM-RS)

1. CSI-RS for channel tracking is used as the reference of DM-RS for frequency tracking

2. CSI-RS for channel tracking is used as the reference of CSI-RS for frequency tracking

3. Different Tx beams on PTRS and DMRS share the same RF.

Type 4 or 4’

[1-4] or [1-4][6]

(CSI-RS,DM-RS)

(CSI-RS,CSI-RS)

(SS,CSI-RS)

1. CSI-RS for channel tracking is used as the reference of DM-RS for frequency and time tracking when similar beam is transmitted.

2. The second CSI-RS for CSI acquisition shares the same beam as beam management RS including SS and CSI-RS.

Type 5 or 5’

[1-5] or [1-6]

(DM-RS,DM-RS)
(CSI-RS,CSI-RS)
(DM-RS, PTRS)

1. DM-RS ports belonging to the same DMRS port group 

2. CSI-RS ports with the same beam.

3. PTRS port and DMRS port share the same beam

Type 6

[6]

(CSI-RS, SRS)

(CSI-RS, CSI-RS)

1. When beam correspondence is held, the angle of departure of the beam used on UL SRS is in the reciprocal direction as the angle of arrival observed from DL CSI-RS, i.e., it is spatially QCL’ed with the reciprocal channel of the reference.

2. Two CSI-RS beams from different TRPs fall into similar angle of arrival.  

Notes:

1. QCL parameters: [1]Doppler spread, [2] Doppler shift, [3] delay spread [4]average delay, [5] average gain, [6] Spatial parameter

2. [6] can be added to all typical QCL parameter sets when analog receive beam is considered. It can also depend on whether UE has fed back information related to QCL association wrt [6].  

3. We assume that CSI-RS can be used for channel tracking, beam management and CSI acquisition.  SS can be used for synchronization and beam management. 



	Huawei, HiSilicon
	Based on the agreements in RAN1#87-AH meeting, at least support the following QCL types:

Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

TYPE I

Average gain

DMRS ports  within one CC; CSI-RS ports within one resource; 

RRM

TYPE II

{Average delay, delay spread, Doppler shift, Doppler spread}

DMRS ports QCLed with one CSI-RS resource, DMRS resource QCLed with CSI-RS for time/frequency tracking 

Demodulation (Frequency/timing offset estimation)

TYPE III

{spatial  channel properties}, e.g. PAS or AS of AoA/AoD at UE side

QCL among different CSI-RS resource, DMRS QCL-ed with CSI-RS resource

PTRS QCL-ed with one of DMRS port group

UL QCL among different SRS resource, UL DMRS QCL-ed with one SRS resource

QCL between UL SRS and DL CSI-RS

Beam management signaling reduction



	Samsung
	Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

Set I

{ Doppler Spread, Doppler Shift, average gain, average delay, delay spread}

Among DMRS ports in a DMRS group;
Among CSI-RS ports in a CSI-RS resource;
Between DMRS ports for a PDSCH/PDCCH and CSI-RS ports in a resource or a resource setting

Demodulation;

CSI estimation analogous to class A FD-MIMO;
Demodulation, e.g., when each CSI-RS port has cell-wide coverage similarly to LTE CRS
Set II

{average gain, and average delay, delay spread}

Between DMRS ports for a PDSCH/PDCCH and CSI-RS ports in a port group or a resource or resource setting
Demodulation by using estimated parameters via wideband CSI-RS, e.g., when CSI-RS has TRP-wide coverage similarly to LTE CSI-RS used for CoMP; 
Set III

{Doppler spread and Doppler shift}

Between DMRS ports for a PDSCH/PDCCH and CSI-RS ports in a port group or a resource or resource setting
Demodulation by using estimated parameters via periodic/semi-persistent CSI-RS or CSI-RS with high time domain density, e.g., when CSI-RS has cell-wide SFN coverage similarly to LTE CRS used for CoMP scenario 4 

Set IV

{spatial  channel parameters}

Between DMRS ports for a PDSCH/PDCCH and CSI-RS ports in a port group or a resource
Between CSI-RS ports of a first CSI-RS resource/port group and CSI-RS ports of a second CSI-RS resource/port group
For facilitating UE’s Rx beam selection (1) for demodulation and (2) for P2 beam management
Note: For demodulation of PDSCH/PDCCH, UE needs to get indication of CSI-RS that are QCLed in Set I parameters, or up to two CSI-RS QCLed in Set II and Set III parameters, or up to three CSI-RS QCLed in Set II, Set III and Set IV parameters. 

	LG Electronics
	Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

Set 1

{Doppler Shift, average delay, spatial QCL}

Between PSS/SSS and PBCH DMRS, within an SS block

Initial acquisition

Set 2 

{Doppler Shift, average delay}

Across SS blocks within a cell (FFS on spec description details)
Initial acquisition

Between an SS block(PBCH DMRS) and CSI-RS

CSI-RS measurement and F/T tracking

Set 3
{(Partial) spatial QCL*, Doppler Shift, average delay}

Between an SS block(PBCH DMRS) and CSI-RS,

Between CSI-RS and CSI-RS

CSI-RS measurement (for the agreed “beam indication” case)**
and 
F/T tracking

Set 4

{Spatial QCL, average delay, delay spread, Doppler Spread, Doppler Shift}

Between an SS block and DMRS 

Demodulation for common PDCCH and broadcast PDSCH,
Demodulation for unicast PDSCH before CSI-RS configured
Between CSI-RS(s) and DMRS

Demodulation 
(It is possible by agreement*** that multiple CSI-RSs, each QCLed per DMRS port group, can be signaled)

*“(Partial) spatial QCL” can be different from “Spatial QCL” in that different beam-width can be applied across QCLed antenna ports.  Need further discussion after we define exact parameter for “Spatial QCL”.
**Agreements: (@ NR Ad-Hoc)

· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.

· Partial
QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 

· For downlink, NR supports CSI-RS reception with and without beam-related indication,

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE

· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 

· FFS: information other than QCL

***Agreements: (@ 88bis)
· Confirm the following working assumption as an agreement:

· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers

· DMRS port groups belonging to one CW can have different QCL assumptions

· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW

	Ericsson
	Note that types can be combined, e.g for demodulation DMRS can be QCL with different RSs with respect to different parameters
Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

Gain
{Average gain}

DMRS ports within one DMRS group

CSI-RS ports within one resource;

DMRS and associated PTRS

When the pair of RSs are transmitted from the same TRP or UE panel
Delay
{average delay, delay spread}

DMRS ports QCL with RS(s) used for time tracking;

DMRS ports QCL with CSI-RS;

DMRS ports QCL with SS;

Demodulation, possibly only in case of narrow scheduling BW
Doppler

{Doppler shift, Doppler spread}

DMRS ports QCL with RS(s) used for frequency tracking;

DMRS ports QCL with CSI-RS;

Demodulation 
Spatial RX
{receive spatial}, e.g. receive spatial correlation measured across multiple antennas and averaged across time and frequency

DMRS QCL-ed with CSI-RS resource
DMRS QCL with SS
CSI-RS resource 1 QCL-ed with CSI-RS resource 2

CSI-RS QCL with SS

Beam management 

Demodulation

Spatial RX/TX
{reciprocal spatial}, e.g. receive vs transmit spatial correlation measured across multiple antennas and averaged across time and frequency

QCL between UL SRS and DL CSI-RS;

QCL between PRACH and SS block 

QCL between UL DMRS and DL DMRS

UL MIMO;

Initial access



	Intel
	Note: At this point we don’t see strong need to introduce QCL set(s) for NR. Specification may define QCL assumption for antenna ports of reference signals wrt to specific parameters similar to the approach used for LTE.
QCL between antenna ports of the same RS:

· QCL between subset or all DM-RS antenna ports of PDSCH wrt all parameters

Use case: Single point transmission, NC-JT

· QCL between all CSI-RS antenna ports of CSI-RS resource wrt all parameters

QCL between antenna ports of different RS

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

Use case: Beam indication for common control channel processing

· QCL between antenna port of SS block and antenna port of CSI-RS (P2,P3) wrt to spatial parameters

Use case: Beam indication for beam refinement procedure based on the initial beam acquisition from SS blocks

· QCL between subset or all DM-RS antenna ports of PDSCH and CSI-RS antenna port wrt all parameters

Use case: Support of time and frequency synchronization and beam indication

· QCL between DM-RS antenna port of UE-specific PDCCH and CSI-RS antenna port wrt spatial parameters

Use case: Support of beam indication for PDCCH processing

	Nokia
	The QCL types need to be separated per their means of conveying to the UE which are via: 

Type 1: Hardcoded in the specificationNote1 or indicated in a dedicated signaling: here we refer to the SSblock ( RS QCL

Type 2: QCL signaling comprising higher layer configuration and DCI: this should be understood as the traditional QCL like LTE

Type 3: RS assumptions, without signaling: such as in RRM/RAN4 testing

Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

Type 1Note 1
Spatial parameter(s), Doppler shift, average delay

SSblock to CSI-RS/DMRS

L3 mobility/Beam management, when narrow CSI-RS beams are transmitted following the SSblock

Type 2A

Delay spread, Doppler spread, Doppler shift, average delay w/wo spatial parameters

CSI-RS with DMRS for control and DMRS for data demodulation

CSI-RS resources within a  CSI-RS resource set

Demodulation allowing for same “beams” for data and control

This type can be used for multi TRP transmission.

Type 2B

Spatial parameters

CSI-RS with DMRS for control and DMRS for data demodulation

CSI-RS resources within a  CSI-RS resource set

Demodulation allowing for narrow/wide beam assumption at the UE. Network needs to have “fallback” means of bringing the UE in a wide beam operation mode, hence a reset of the beam training. Such UE beamwidth states are UE implementation specific.  This can be also used for P1/P2 operation as we detail in R1-1708906.
Type 2C

Delay spread, Doppler spread, Doppler shift, average delay, spatial parameters

CSI-RS with DMRS for  control/data

Demodulation allowing the reception of control and data on different beams

Type 3

Average gain (constant EPRE across the measurement bandwidth)

DMRS ports within one DMRS group

CSI-RS ports within one resource

DMRS and associated PTRS

For various measurements performed on various RS types, this type does not need explicit signaling but just be an assumption for example in RAN4 performance requirements.

Note 1:

Agreements: 

· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.

· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block

· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.

· NR cell ID for time reference of CSI-RS(s) is informed to the UE



	InterDigital
	Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

TYPE 1

{Average received power, delay spread, Doppler spread, received timing, frequency shift}

DMRS ports in a DMRS group

CSI-RS ports in a CSI-RS resource

DMRS group for PDSCH and PDCCH/ CSI-RS resource

Demodulation without beam management

F/T tracking

TYPE 2

{Average received power, delay spread, Doppler spread, received timing, frequency shift, spatial parameter(s)}

DMRS ports in a DMRS group

CSI-RS ports in a CSI-RS resource

DMRS group for PDSCH and PDCCH/ CSI-RS resource

Demodulation with beam management

F/T tracking

TYPE 3

{Average received power, delay spread, Doppler spread}

CSI-RS resource / CSI-RS resource

Demodulation

(a subset of QCL parameters can be estimated across CSI-RS resources in different panels)

TYPE 4

{spatial parameter(s)}, e.g. PAS or AS of AoA/AoD at UE side

SS block/ DM-RS for PDCCH (e.g., common search space)

Beam management



	CATT
	Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

Set 1

Rx beam

- Among DMRS ports  within the same CC

- Among CSI-RS ports within the same CC 

- Between DMRS ports and CSI-RS ports within the same CC

Beam management

Set 2

Delay spread, average delay, Doppler spread, Doppler shift
Between DMRS ports and CSI-RS ports within the same CC

Demodulation 
Set 3

average gain
- Among DMRS ports within the same CC

- Among CSI-RS ports within the same resource

RRM



	Qualcomm
	Type of QCL parameter set

QCL parameters

Example pairs of RSs/RS resource

Application case

Set 1

{delay spread, average power, Doppler shift, Doppler spread, average delay}

NZP CSI-RS port QCL group

A NZP CSI-RS resource may contain 1 or multiple port groups.  Ports in the same group may be assumed as QCL.

TRS ports

If there’re more than 1 TRS ports from a TRP (or cell), TRS ports may be assumed to be QCL.

PDSCH DMRS port QCL group

DMRS ports in the same group may be assumed as QCL.

Set 2

{Doppler shift, Doppler spread, average delay, delay spread}

TRS, CSI-RS, PDSCH DMRS

Single-beam non-CoMP behavior

CSI-RS and PDSCH DMRS

Single-beam CoMP behavior

Set 3

{Doppler shift, Doppler spread}

CSI-RS and TRS

Frequency tracking

Set 4

{average delay, Doppler shift, delay spread, Doppler spread, RX spatial parameter(s)}

SS/CSI-RS vs TRS

Time/frequency tracking

SS/CSI-RS vs DMRS/PTRS

Channel estimation for demodulation

Set 5

{Doppler shift, Doppler spread, RX spatial parameter(s)}

SS vs CSI-RS

UE can receive CSI-RS beam using same beam used to receive a certain SS.  Training new CSI-RS beam based on previous SS beam.

Set 6

{RX spatial parameter(s)}

PDCCH-DMRS vs PUCCH-DMRS

QCL in reciprocal sense. e.g., signaling to use the RX beam of PDCCH to transmit PUCCH

CSI-RS vs SRS

QCL in reciprocal sense




Observations:
Summary of views on QCL types for NR is listed in Table 1. This table can be used for discussion in RAN1#89 meeting.  These are common QCL types discussed:

· Type 1: {Spatial parameter}
· Type 2: {Average gain}
· Type 3: {Doppler spread, Doppler shift, Delay spread, average delay, average gain} with/without {spatial parameter}
· Type 4: {Doppler spread, Doppler shift, Delay spread, average delay} with/without {spatial parameter}
· Type 5: {Doppler shift, average delay} with/ without {spatial parameter}
· Type 6: {Doppler spread, Doppler shift} with/ without {spatial parameter}
Additionally, potential QCL assumptions of RS pairs are summarized in Table 2. It can be found that more than one QCL assumption is associated for some RS pairs (e.g., CSI-RS and CSI-RS, CSI-RS and DMRS) due to various considerations (e.g., RS with multiple functionalities, RS belong one group or different group, etc).  

Table 2 Potential QCL assumptions of RS pairs
	RS\RS
	SS(PSS/SSS)
	CSI-RS
	PTRS
	DL DM-RS
	SRS
	UL DM-RS

	SS(PSS/SSS)
	Type {5}
	Type {1}{4}{5}{6}
	
	Type {1}{4}{5}
	
	

	CSI-RS
	Type {1}{4}{5}{6}
	Type {1}{2}{3}{4}{6}
	
	Type {1}{3}{4}{6}
	Type {1}
	

	PTRS
	
	
	
	Type {1}{2}{3}{6}
	
	

	DL DM-RS
	Type {1}{4}{5}
	Type {1}{3}{4}{6}
	Type {1}{2}{3}{6}
	Type {1}{2}{3}
	
	

	SRS
	
	Type {1}
	
	
	Type {1}
	Type {1}

	UL DM-RS
	
	
	
	
	Type {1}
	Type {1}{2}{3}

	Notes:

· Type 1: {Spatial parameter}
· Type 2: {Average gain}
· Type 3: {Doppler spread, Doppler shift, Delay spread, average delay, average gain} with/without {spatial parameter}
· Type 4: {Doppler spread, Doppler shift, Delay spread, average delay} with/without {spatial parameter}
· Type 5: {Doppler shift, average delay} with/ without {spatial parameter}
· Type 6: {Doppler spread, Doppler shift} with/ without {spatial parameter}


It was discussed on how QCL assumption is defined/indicated (e.g. Hardcoded in the specification, higher layer configuration, combination of higher layer configuration and DCI, in RRM/RAN4 testing).   Examples are listed under each alternative.
Alt. 1: Which of the subset of QCL parameters are configured by gNB
e.g. the subset of QCL parameters for QCL association on each RS pair can be configured by gNB.
Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined 

e.g. Joint configuration of QCL assumptions on RS pairs according to the configured QCL type (like QCL Type A and Type B in LTE), individual configuration of QCL Type on each RS pair
Alt. 3: QCL types are pre-defined 

e.g. hardcoded in the spec, RRM/RAN4 testing

3. Conclusion

In this contribution, views on QCL types are collected and summarized. 
Based on the observations, it is proposed to further discuss on QCL types, possible QCL assumptions for each RS pair and indication methods.
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