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1 Introduction
In RAN1 #86b meeting, regarding QCL assumption it was agreed that: 

· 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

· FFS, e.g.:

· QCL between antenna ports transmitted on different CCs

· QCL between CSI-RS antenna ports within one CSI-RS resource

· All ports are QCL-ed

· Not all ports are QCL-ed

· QCL between CSI-RS antenna ports within two or more CSI-RS resources

· All ports are QCL-ed

· Not all ports are QCL-ed

· QCL of a DM-RS antenna port with other RS types
· QCL considering channel reciprocity
· Flexible configuration/indication of the QCL assumption should be studied in NR:

· Possible grouping  of the QCL parameters should be studied: 

· e.g., average gain, average delay

· e.g., angle of arrival/ departure, delay spread, Doppler spread
In RAN1 #87 meeting, regarding QCL assumption it was agreed that:

· 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 this contribution, we provide viewpoints on remaining issues regarding QCL. Our companion paper [1] will discuss detailed QCL issues related to beam management aspects.
2 QCL assumptions for multi-panel/multi-TRP transmission
Large scale channel property tracking is important for demodulation performance, e.g. frequency offset, delay offset, delay spread and Doppler spread, especially for high rank and high modulation order transmission. For joint transmission schemes in NR, data streams possibly come from multi-TRPs or multi-panels. The antenna ports from different TRPs experience different large-scale properties and thus have different QCL assumptions. On the other hand, even for antenna ports virtualized from different antenna panels at a single TRP, single QCL assumption is not proper especially when they are beamformed with different steering directions or panels have independent oscillators (resulting frequency errors between the panels).  Thus, large scale channel property tracking and indication mechanism should be developed in QCL framework.
2.1  Large scale channel property tracking
In LTE, large scale channel property tracking is performed on CRS which has sufficient density in frequency and time domain. In NR, with the target to reduce/eliminate the CRS footprint and scenarios complicated by the potential hybrid beamforming deployment for high frequency band, new signal or existing with potential enhancement need to be designed to replace CRS to fulfill the tracking functionalities. 
DMRS is not suitable for the tracking functionalities. Take the frequency offset estimation as an example, while in NR with the frontloaded DMRS striving for starting demodulation and decoding as early as possible to achieve ultra low latency, it is not desirable to wait for the reception of DMRS transmitted in the later portion of timeline before the estimation and compensation of frequency offset could be started, let alone that there may not be even later DMRS transmitted for low Doppler spread scenarios.  
Moreover, DMRS is transmitted only within the scheduled time slot and frequency range. Sparse DMRS pattern has the limited frequency domain resolution which is not suitable for adapting to denser pattern in the case the experienced channel becomes more frequency selective. The time span of DMRS symbols also has issue in Doppler spread estimation which typically requires multiple transmission of reference signal with larger time spans. Thus other reference signal may be required to carry the functionality and its QCL assumption to DMRS ports or group of ports should be configured and signaled. 
On the other hand, CSI-RS is proposed in NR to also carry beam management functionality, and it is natural to extend its functionality to further include tracking of channel large scale properties. LTE CSI-RS is defined with frequency domain density of one RE per RB and time domain periodicity in the order of ms which is apparently insufficient in tracking channel properties such as Doppler spread, delay spread and frequency offset. Enhancement, such as higher frequency density and burst transmission of consecutive symbols evenly spaced in time, should be necessary on NR CSI-RS design to facilitate the carrying of the aforementioned tracking functionalities. 

Proposal 1: Consider adopting enhanced NR CSI-RS (Burst transmission with higher frequency density) for QCL channel large scale properties tracking.
2.2 QCL indication for multi-panel/multi-TRP transmission
To indicate different QCL assumptions for antenna ports from different TRPs/panels in joint transmission cases, one way is to divide the antenna ports into multiple predefined groups according to certain rules, assuming different group have different QCL assumption in an implicit manner. Another way is to use explicit signaling, such as using the PQI bits of DCI signaling similarly with LTE. While implicit QCL indication is not flexible, explicit QCL indication may result in additional signaling overhead. Thus, it seems more proper to use them jointly. 
For example, predefined DMRS antenna ports mapped into one codeword could be regarded as quasi co-located. Besides, DMRS ports can also be grouped according to which analog beam is used. Then DCI signaling could be used to indicate the QCL relationship of CSI-RS ports and DMRS ports in each codeword or each beam, in order to improve the performance of channel estimation based on DMRS/CSI-RS. 
Proposal 2: Port grouping and explicit signalling should be supported for QCL indication of DMRS.
Moreover, independent control channels could be used for different TRPs/panels. In this way, DCI signaling could be kept in a unified format for single point and multi-point transmission. Besides, control channel reliability could be improved. Similarly, DMRS ports of control channels for different TRPs/panels should have different QCL assumptions. However, PQI bits of DCI signaling cannot be used here for the QCL indication and new mechanism should be studied. For example, the transmission parameter set 1 discussed in [2] could be used to indicate QCL assumptions for DMRS ports of control channel.
3 Discussion on spatial QCL parameters
Besides the traditional QCL tracking and indication for multi-point transmission, it is agreed that NR QCL framework should be extended with new spatial parameter(s) to assist UE side beamforming/receiving procedure in RAN1#86b [3] and 87 meetings [4].  The proposed candidate parameters include: AOA, AOA spread, AOD, AOD spread, transmit/receive channel correlation, etc. while no consensus have been reached on which parameter should be introduced into NR. For these parameters, the following use cases are taken into account:
Case1. QCL assumption predetermined at TRP and signalled to UE

UE could utilize the QCL assumption with respect to the parameter to facilitate its beamforming. In one example, multiple panels are implemented at the transmit side of TRP and the beamforming hardware are calibrated, instead of TRP sending sweeping beamforming signals from each of the panel, antenna panels could cooperate in simultaneously sending several non-overlapped beamforming directions. By QCL assumption with respect to TX beams between the same beamforming directions of different panels, UE may apply appropriate receive beamforming when receiving transmission from antenna ports of different panels. 

Case2. QCL assumption requiring UE measurement and feedback
QCL assumptions for the newly introduced spatial parameters, in our view, indicating the same transmit beamforming and receive beamforming applied on the QCL signal ports. In other words, this should provide enough information for UE to properly receive the signal with the right beamforming.  Some of the spatial parameter(s) may be dynamic and require UE performing certain kind of measurement and feedback the results before the QCL assumption could be made. One example is the TX beams between adjacent beamforming directions. Depending on whether the beams are pointing to the same cluster, the adjacent beam may or may not make the QCL assumption with respect to spatial parameters. UE should be required to perform measurement and feedback the results. 
In another example, in the case of hybrid beamforming, it is generally difficult in deriving transmit/receive side channel correlation since the channel measurements at the antenna elements are not readily available. Techniques such as compressed sensing may be applied to overcome the difficulty, while the protocol design and computation are still quite complicated. Thus the feasibility and complexity in performing the measurement and deriving the result should be considered, if it is proposed to measure and feedback the value of the new spatial parameter.
Proposal 3: For new spatial parameter, if it is proposed to measure and feedback its value, its detailed assumption and usage should be specified with measurement feasibility and complexity also taken into consideration.
Case3. QCL assumption exploiting reciprocity

It would be possible that channel hold reciprocity, or “partial-reciprocity”. To simplify uplink beam management, the reciprocity features can be utilized for the UE transmitting beamforming to reduce uplink beam sweeping overhead and complexity. For example, uplink ports, e.g. SRS, can be indicated by QCL with downlink beam management RSs, e.g. CSI-RS. Such kind of indication would help the UE to take the reference of analog beam, especially when multi-TRP transmission is applied. To be specific, in dynamic point selection (DPS) where DL link and UL link is decoupled, the UE needs to know which DL CSI-RS resource the beam used for UL transmission corresponds to.  Then the UE could use proper CSI-RS as reciprocity reference. Thus, the QCL frame work could include uplink RSs to assist UE uplink procedure.
Proposal 4: Reciprocity based QCL should be considered to assist UE transmit beamforming.
4 Discussion on grouping for QCL parameters

From the previous sections, it could be observed that QCL in NR will have more functionality and become more complex than LTE. Table 1 gives an example for functionality of RS signal and related QCL parameters. As shown in table 1, the large scale parameters of QCL are associated with RS functionalities.
Table 1. Functionality of QCL indication and related QCL parameters

	Functionality 
	Related QCL Parameter 

	Assist UE side beamforming 
	Spatial parameters

	Channel estimation and Demodulation 
	Doppler spread, Doppler shift, average delay, delay spread

	Tracking 
	Doppler shift, Doppler spread, average delay, delay spread 

	RRM measurement 
	Average gain 

	Phase noise tracking
	Phase rotation


To support new scenarios and functionalities in NR, e.g. beam management,  QCL framework should be improved. The concept of “soft QCL” assumptions could be exploited. As shown in figure 1, despite the two-end assumptions that certain ports are QCL or non-QCL, the mechanism should support flexible indication that certain ports are QCL or non-QCL with respect to specified parameters. 
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Figure 1. Concept of Soft QCL 
To support QCL in various scenarios and antenna architectures, one possible way is to divide QCL parameters into groups based on their functionality, e.g. beam management, time/freq. tracking, etc. In this way, each QCL group is associated with identified parameters. Signalling of QCL assumptions would be a combination of implicit or explicit indications of each group.

For example, ports of beams from non-ideal calibrated panels of the same TRP can be seen as QCL-ed with respect to spatial parameter (type 3 in figure 2), but non-QCL with respect to Doppler parameters (type 2 in figure 2). But when ports are from different TRPs, e.g. non-coherent joint transmission (NCJT), they should be assumed as non-QCL with respect to all parameters. Thus when transmission scheme changes from multi-panel coordination to multi-TRP coordination, type 3 QCL indication is also needed. With the grouped QCL indication, TRP can be given more flexibility to configure QCL relationship of antenna ports.
Proposal 5: Functionality-based QCL grouping and indication should be considered in NR.
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Figure 2. Dynamic QCL indication in NR  

5 Conclusions
In this contribution, we first discuss large scale channel property tracking and indication mechanism for QCL, then gives some general views on how the new spatial QCL parameters could be used in NR.  At last, possible grouping of the QCL parameters is discussed. Our proposals are summarize in the following:
Proposal 1: Consider adopting enhanced NR CSI-RS (Burst transmission with higher frequency density) for QCL channel large scale properties tracking.
Proposal 2: Port grouping and explicit signalling should be supported for QCL indication of DMRS.
Proposal 3: For new spatial parameter, if it is proposed to measure and feedback its value, its detailed assumption and usage should be specified with measurement feasibility and complexity also taken into consideration.

Proposal 4:  Reciprocity based QCL should be considered to assist UE transmit beamforming.

Proposal 5: Functionality-based QCL grouping and indication should be considered in NR.
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