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1 Introduction
In RAN1 NR ad-hoc meeting, it was agreed that,

· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.

· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.

· FFS the signaling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.

· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)

· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters

· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters

· RRM management functionality: at least including average gain

· Others are not precluded
In RAN1 #88meeting, it was agreed that,
· 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

· FFS indication of QCL assumption for CSI-RS to be associated with an SS block (e.g., SSS, PBCH DMRS (if defined)) and/or RS for fine time-frequency tracking (if it’s not CSI-RS)

· FFS: w.r.t. which QCL parameter(s)
In this contribution, we provide details on remaining issues regarding QCL. 
2 QCL assumptions for multi-panel/multi-TRP 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). 
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 NR ad-hoc meeting, DMRS ports grouping is supported, where DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed. In the following, we will give some discussion on DMRS port grouping principles and related signaling method of QCL indication.
2.1 DMRS port grouping principle
For DMRS port grouping, the performance of channel estimation should be taken into account. DMRS port could be grouped according to the DMRS pattern to ensure the accuracy of channel estimation at UE side. To provide the orthogonality, different antenna ports usually occupy different time-frequency-code resource and through TDM, FDM or CDM manner. For TDM or FDM manner, UE can do the channel estimation within different symbols or subcarriers independently for different antenna ports. However, for CDM manner, the channel estimation performance couldn’t be guaranteed if different antenna ports are not QCLed. This is because the receiver needs to do the de-spreading firstly which has strict time-frequency synchronization requirement. For DMRS signal that experience different delay spread or average delay, the orthogonality among different ports is destroyed. What’s more, as the average gain of different ports may be imbalance, the near-far effect will further deteriorates the performance of channel estimation. So within one DMRS CDM group, all antenna ports should be QCLed. 
For example, similar as LTE, antenna ports 7, 8, 11, 13 belong to one CDM group and antenna ports 9, 10, 12, 14 belongs to another CDM group. Therefore, DMRS port group 1 includes port 7, 8, 11, 13 and DMRS port group 2 includes port 9, 10, 12, 14. This scheme is applicable for NCJT with non-ideal backhaul link. Without real-time information exchange, the DMRS transmitted from different TRP can guarantee orthogonal. For example, one TRP transmits the data by DMRS port group 1 and the other TRP transmits the data to the UE by DMRS port group 2. 
Proposal 1: DMRS ports within one CDM group should be assumed QCLed. 
2.2 Signalling of QCL indication
In NR, as the number of CDM group may be larger than 2, one DMRS port group can include more antenna ports than that in one CDM group. Therefore, for DMRS ports within different CDM group, the QCL relationship should be indicated or configured through additional signalling. As the DMRS port grouping is changed slowly with the transmission scheme, for example, when the cooperation set has changed, the DMRS port grouping could be configurable semi-persistently through RRC signalling. This allows more flexible port grouping to be adapted to more scenarios. 
Besides that, to support the DPS scheduling or joint DPS and NCJT, the scheduling result is uncertain. DCI signaling could be used to indicate which port groups are used and the QCL relationship of CSI-RS ports and scheduled DMRS group, in order to improve the performance of channel estimation based on DMRS/CSI-RS. 

For example, similar as LTE, if two DMRS port groups are configured to UE where port set #0 is {7,8,11,13} and port set #1 is {9,10,12,14}. Suppose two CSI-RS resources are configured where CSI-RS resource #0 is for the serving TRP #0 and CSI-RS resource #1 is for the cooperative TRP #1. According to the scheduling results, the DMRS port group used for data transmission and corresponding CSI-RS resource used to help the channel estimation are indicated through the DCI. Table 1 shows an example. From the table, we can see that the PDSCH is from serving TRP, then the DCI should indicate UE to receive the signal from antenna port set #0 and the QCLed CSI-RS resource is #0. 

Table 1 An example of QCL indication through DCI
	DCI field
	Transmitted TRP (s)
	DMRS port group and corresponding CSI-RS resource

	‘00’
	TRP #0
	{7,8,11,13} + CSI-RS resource #0

	‘01’
	TRP #1
	{9,10,12,14} + CSI-RS resource #1

	‘10’
	TRP #0 + TRP #1
	{7,8,11,13}+ CSI-RS resource #0,

 {9,10,12,14} + CSI-RS resource #1

	‘11’
	TRP #0 + TRP #1
	{7,8,11,13}+ CSI-RS resource #1,

 {9,10,12,14} + CSI-RS resource #0


Proposal 2: Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel.
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. In addition, 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 [1] could be used to indicate QCL assumptions for DMRS ports of control channel. So for the QCL indication of control channel’s DMRS, high-layer signaling should be supported.
Proposal 3: Support high-layer signalling for QCL indication of DMRS for 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 issues should be taken into account:

3.1 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 4: 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.

3.2 QCL assumption exploiting reciprocity

It would be possible that channel holds reciprocity or partial-reciprocity in beam field. 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.
For example, in dynamic point selection (DPS) scenario, PDSCH is transmitted from one of the coordination cells and PDCCH could be transmitted from primary serving cell, while the UE feedback to the primary serving cell or other coordination cells in the uplink depending on scheduling. It’s transparent to the UE that the current PDSCH is coming from which cell. In the uplink, gNB may indicate the UE to transmit data to a specific nearby cell due to power limitation of the UE, so the uplink receiving cell may not be the same with the cell where the receiving PDSCH comes from. If the UE receives downlink signal from one TRP and the gNB requires the UE transmitting uplink signal to another TRP, it should be supported that the gNB indicates the UE of already-trained downlink beam(s) for reciprocal uplink transmitting, to simplify uplink beam sweeping procedure. 
Proposal 5: QCL exploiting reciprocity, i.e., QCL between UL and DL RS ports, should be considered to assist UE transmit beamforming.
4 QCL indication for different set of parameters
Compared with LTE, QCL framework in NR should support various functionalities, as shown in figure 1. Correspondingly, the number of related QCL parameters is larger than LTE. For efficient usage of the signalling, QCL parameters should be grouped and indicated. In the previous meeting, the functionality based QCL assumptions have been agree, where at least for 3 functionalities beam management (at least including the spatial parameter), frequency/time tracking (at least including Doppler/delay parameters), and RRM management (at least including the average gain).
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Figure 1. Dynamic QCL indication in NR  
And also there is some discussion on the signalling of QCL indication with subset of QCL parameters between the CSI-RS resources is already supported. In the following, we list several alternatives of signalling methods and give analysis on them. 
One possible way is to configure the subsets of QCL parameters by gNB dynamically and use higher layer signalling to indicate the configured parameter subset to UE. However, this method increases the complexity of QCL indication and the signalling overhead, which is not preferred. 
Another way is to define multiple QCL types and use higher layer signalling to indicate the UE which QCL type is used, which is similar as in LTE. This method seems simple and suitable if not so much QCL types are defined. However, different transmission schemes, e.g., single-TRP transmission, coherent JT (joint transmission), multi-TRP NC-JT (non-coherent JT) and multi-panel NC-JT (non-coherent JT), may require different QCL assumptions. For example, multi-TRP NC-JT and multi-panel NC-JT may have similar QCL behaviour for Doppler and Delay parameters as analyzed in section 2. However, CSI-RS resources in multi-TRP NC-JT have different spatial QCL assumptions, while they may have the same spatial QCL assumption in multi-panel NC-JT. Thus, multiple QCL types should be defined for different transmission schemes, making the transmission schemes non-transparent.
To make it more suitable to enable flexible QCL behaviour in different transmission schemes, it is proposed to group the QCL parameters based on several main functionalities of QCL indication. Table 1 shows an example, where there are three QCL types with different QCL parameter groups corresponding to main Functionalities of QCL indication. The indication mechanism can be different for different QCL types, e.g., implicit or explicit. For example, the QCL assumption of type 3 for RRM management can predefined in the specification. For example, the RS ports in the same CSI-RS resources can be regarded as QCL-ed w.r.t. average again. On the other hand, QCL indication of type 1 for beam management and type 2 for Frequency/timing offset estimation can be explicit signalled via independent PQI bits in DCI. Higher layer signalling could be used to enable type 1 and/or type 2 QCL indication if needed.
Table 1. Functionality of QCL indication and related QCL parameters

	QCL type
	Functionality 
	Related QCL Parameter 

	type 1
	Beam management 
	Spatial parameters, e.g. RX beams

	type 2
	Frequency/timing offset estimation
	Doppler spread, Doppler shift, average delay, delay spread

	type 3
	RRM management
	Average gain


Proposal 6: Support three basic QCL types based on Beam management, Frequency/timing offset estimation and RRM management functionality, and use independent bits in DCI for QCL indication for different QCL types.
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 indication method of the QCL parameters is discussed. Our proposals are summarize in the following:
Proposal 1: DMRS ports within one CDM group should be assumed QCLed. 
Proposal 2: Support RRC signalling for DMRS grouping and DCI signalling for QCL indication of DMRS ports for data channel.
Proposal 3: Support high-layer signalling for QCL indication of DMRS for control channel.
Proposal 4: 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 5: QCL exploiting reciprocity, i.e., QCL between UL and DL RS ports, should be considered to assist UE transmit beamforming.
Proposal 6: Support three basic QCL types based on Beam management, Frequency/timing offset estimation and RRM management functionality, and use independent bits in DCI for QCL indication for different QCL types.
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