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1
Introduction
During the past RAN1 meetings there have been a series of agreements on QCL operation as follows: 

	· RAN1 considers a generic term “spatial Rx parameters” and defers to RAN4 performance testing the exact interpretation of “spatial Rx parameters”.

· The following interpretation alternatives for “spatial Rx parameters” can be further considered by RAN4:

· One or more of: AoA, Dominant AoA, average AoA, Power Angular Spectrum (PAS) of AoA, average AoD, PAS of AoD, transmit/receive channel correlation, transmit/receive beamforming, spatial channel correlation etc.

· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)

· w.r.t Doppler spread, Doppler shift (e.g. PTRS and PDSCH DMRS sharing the same RF chain)

· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)

· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed


As a very quick fix, we need to remove the square brackets in the above DMRS agreement.
Several QCL agreements wr.t SS block signals have been taken:

	· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters


The email discussion on QCL types has been summarized in [2]. In [3], 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. Remaining issues on QCL assumption between SS block and CSI-RS signals

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
Remaining issue on QCL assumption between SS block and CSI-RS signals
In the previous RAN1 discussion it has been agreed that we support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell, however RAN1 has an FFS point on what other QCL parameters are needed and also how such QCL indication is captured in the specification.
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:

Figure 1 refers to the use of superposed beams in SSblock and further use of same beams for CSI-RS transmission. The above agreement links from spatial QCL perspective an SSblock with at least a CSI-RS antenna port. Note, however, that there can be a CSI-RS configuration, consisting of multiple CSI-RS resources multiplexed in the same OFDM symbol and being linked with different SS blocks from spatial QCL perspective. 
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Figure 1: Spatial QCL between SSblock and CSI-RS P1/P2/P3

Observation: the CSI-RS resources configured in the same OFDM symbol, may be linked with different SS blocks from spatial QCL perspective.

Based on the above discussion, we think it is important to allow flexibility in the configuration of the CSI-RS resources w.r.t the SS block. 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.

Proposal: either in implicitly or explicitly the network should be able to link different SSblock indices with the same CSI-RS configuration

3
Remaining issue on QCL definition

Another 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.
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 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.

4
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 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




During the previous pre-meeting email discussion, the QCL combinations between different or same RS types has emerged as depicted in Table below. The green highlights are indicating the agreed RS QCL combinations.
Table 1 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}


The DMRS related QCL seems to be the only QCL type which may be defined implicitly in the specification. Both the CSI-RS-to-CSI-RS and PTRS-to-DMRS are containing multiple options which may require dynamic signalling. Let’s us consider the following configurations:
1. UE is configured with CSI-RS for CSI estimation. A few subcases are as follows:

a. CSI-RS ports from same TRP for CSI estimation. In this case higher layer signalling can indicate the CSI-RS configuration and also the CSI-RS ports QCL assumption inside that configuration. 
b. CSI-RS for beam selection: when beam selection is going to be utilized based on beamformed CSI-RS, the CSI-RS configuration should not contain any QCL information.

c. CSI-RS for interference estimation: such a setup would consist of multiple per TRP configurations with independent QCL assumptions.

2. UE is configured with CSI-RS for beam management. In this situation the QCL information of interest is the linkage between SS block signals and the CSI-RS resource(s). As we described above, the specification should allow the configuration of CSI-RS in same OFDM symbol, linked to different SS blocks QCL assumptions. Otherwise, we see no need for QCL assumptions between CSI-RS of different beams. There is however one particular case, if the CSI-RS RSRP is going to be computed per CSI-RS port, then it is worth signalling by higher layer the amount of CSI-RS ports which are QCLed in the same beam so that the UE can improve the channel estimation.

3. Demodulation. 

a. DMRS-to-PTRS QCL: In this case the UE is configured with DM-RS and in selected cases with PTRS. The DMRS-PTRS QCL signalling can be implicit in the specification or can be higher layer configured in order to differentiate the DMRS ports sharing same beam with the PTRS ports or the DMRS ports sharing the same RF chain with the PTRS ports. 
b. DMRS-to-CSI-RS QCL: this is a temporal QCL allowing the UE to use the same UE Rx beam assumption for both CSI-RS and DMRS estimation. In addition, this linkage would incorporate the grouping effect. Hence the CSI-RS-to-DMRS QCL needs to contain both higher layer signalling and dynamic indication.

Proposal: 
·  For CSI estimation, higher layer signalling can provide the QCL indication between the CSI-RS within a CSI-RS resource.
·  Signal the QCLed CSI-RS ports inside a beam in order to allowed improved CSI-RS RSRP computation, if the CSI-RS RSRP definition will be per CSI-RS port.

·  Higher layer signalling can be used for linking the DMRS ports to the PTRS ports w.r.t. sharing same beam or same RF chain.
·  Higher layer signalling and dynamic indication and needed for CSI-RS to DM-RS QCL indication.
4.1

The use of TRS in QCL

In addition to the above reference signals and QCL linkages, RAN1 has agreed to support the time frequency tracking RS (TRS). The TRS is likely to be a UE specific RS, used in CONNECTED mode. This means that after the SS block discovery, the UE may be configured with this 1 port TRS. If TRS can be used for beam management or not is an FFS point, however, due to its early presence in the system, the TRS can serve as in important QCL anchor for other configured RS and channels. In terms of transmission, it has been agreed that TRS is a one port RS. There are few open questions on the TRS configuration:

·  How are TRS ports multiplexed between different TRPs and cells? How are TRS ports multiplexed between different UEs?

A: Multiple TRPs and cells can use same TRS. Also multiple UEs can share the same TRS, even if the configuration is UE specific. 

·  How is TRS transmitted in above 6 GHz scenarios? For example in multi-panel/multi-beam environment. How many TRS does the UE need to track?
A: in principle, the need for time/frequency tracking is happening for every beam the UE needs to track. However, the active beams would contain reference signals such as PTRS, which can be used also for the scope of fine time/frequency tracking. It is also a bit unclear how the UE would perform fineTFT in an environment where beams are turned off when traffic is not happening towards the target UE. The only always ON signals are the SS bursts which are configured with various periodicities. We believe the UE should consider the SS bursts as main providers of frame/slot/symbol timing of a cell as already agreed by RAN1. 
Proposals: In scenarios where PTRS is not configured, consider the use of TRS for fTFT, otherwise, consider the combination of SS block and PTRS for fTFT.

When present, the TRS can be assumed QCLed with SS block signals w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial UE-Rx parameters. In addition, CSI-RS resource can be assumed fully QCLed with TRS port. DMRS QCL linkages be towards CSI-RS and/or TRS.

Proposals: TRS can be assumed QCLed with SS block signals w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial UE-Rx parameters.
4.2

Controlling the UE beamwidth assumption
The spatial QCL signalling is used to convey the UE the certainty of using the same UE beamwidth assumption for various reference signals reception. While it is understood that the UE may be in a ‘continuous’ beam refinement process, 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. The absence of spatial QCL indication should indicate the UE in using widebeam assumption. RAN1 should discuss how and if such assumption needs to be captured in specification.

Proposal: Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.) How and if to capture this in the specification should be discussed.
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: NR supports QCL indication across carriers, the default assumption being QCL assumptions per CC w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters.
5
QCL Assumptions for UL RS

The QCL summary in [3] elaborates the following mentions regarding the UL QCL:
· NR should support UE reporting (e.g., via UE capability signaling) of UL antenna port QCL information. The reported information may correspond to UL antenna port grouping, for which ports in a group are QCL’ed and ports in different groups are not QCL’ed. Samsung [7],

· In UL transmission scheme B, a DL indication defines which CSI-RS is reciprocally and spatially QCL with the scheduled PUSCH and PUCCH DMRS. Ericsson [10]

Indeed, we believe it is important for the UE to report the UL antenna-related information such as the number of panels and their grouping utilization. Regarding the linkage between DL and UL signals, in previous RAN1 meeting we have agreed that:
	· When UE beam correspondence holds,

· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS

· The indication can be based on CSI-RS resource, 

· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))


The above agreement links the same beam transmission and reception for SRS and CSI-RS, hence a form of beam correspondence. With such mention captured in the specification, we think there is no need for any other forms of QCL indication.

Proposal: There is no signalling need for linking DL with UL RS in terms of QCL assumptions.

6
Conclusions
In this contribution we have considered aspects related to QCL. The following proposals are summarized:

SS block and CSI-RS QCL:

Observation: the CSI-RS resources configured in the same OFDM symbol, may be linked with different SS blocks from spatial QCL perspective.
Proposal: either in implicitly or explicitly the network should be able to link different SSblock indices with the same CSI-RS configuration.

QCL definition:
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.

QCL signalling framework:
Proposals: 

·  For CSI estimation, higher layer signalling can provide the QCL indication between the CSI-RS within a CSI-RS resource.

·  Signal the QCLed CSI-RS ports inside a beam in order to allowed improved CSI-RS RSRP computation, if the CSI-RS RSRP definition will be per CSI-RS port.

·  Higher layer signalling can be used for linking the DMRS ports to the PTRS ports w.r.t. sharing same beam or same RF chain.

·  Higher layer signalling and dynamic indication and needed for CSI-RS to DM-RS QCL indication.

Proposals: TRS can be assumed QCLed with SS block signals w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial UE-Rx parameters.
Proposal: Spatial QCL needs to contain indication of UE spatial filtering assumptions (such as narrow or wide beam usage.) How and if to capture this in the specification should be discussed.
Proposal: NR supports QCL indication across carriers, the default assumption being QCL assumptions per CC w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters.

Proposal: There is no signalling need for linking DL with UL RS in terms of QCL assumptions.
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