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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#89 meeting, the following agreements are achieved [1]:
· 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

· 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

Meanwhile, the following conclusion is also made:
· 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.
In this contribution, further discussion on QCL assumption including UE reporting, QCL types and configuration are elaborated. Moreover, QCL among RSs for UL/DL are also discussed.
Discussion on QCL/QCB 
In NR, with application of hybrid beamforming, especially at high frequencies, the experienced channel properties for each RS are mainly characterized by the beam properties and antenna RF condition at both Tx and Rx sides. The value of each detected channel parameters would be changed due to one of these factors, e.g. the average gain, structure of antenna or Tx/Rx beam. For dealing with more complex situation comparing with current LTE, the comprehensive design of QCL assumptions and association mechanism for QCL should be considered in NR for both DL and UL.
UE-assisted QCL/QCB association 
Since quasi-omni directional antennas are usually assumed for below 6 GHz in legacy system, the variation of experienced channel among different RSs is mainly determined by different locations or implementation of antenna ports at TRP side. Consequently, TRP only determines QCL association among different DL RS ports. Considering the above analysis, UE-assisted QCL/QCB association is proposed in NR.

Moreover, since it has been agreed that NR supports beam management with and without beam-related indication, QCL/QCB assumption including spatial Rx parameter can be adopted to support beam-based transmission and reception of reference signals. The determination of  QCL/QCB association should be conducted according to the feedback of channel measurements from UE based on the following factors:
· E.g., according to Rx antenna structure
· E.g., according to Rx beam direction
· E.g., according to channel reciprocity
· E.g., according to measured CSI
· E.g., according to delay

One implementation case of this approach could be done as shown in Figure 3. When the cell specific beam training is initialized, the TRP can first assign the QCL relationship (e.g., QCL without spatial Rx parameter) for the RS that are used for beam measurement procedures. After beam measurement at UE side, QCB association containing spatial Rx parameter information according to measurement would be reported to TRP side by UE.  Then TRP can update the QCL association according to feedback (e.g., QCL with spatial Rx parameter). 
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[bookmark: _Ref471459120]Figure 1 Illustration of the UE-assisted QCL association
Furthermore, since it has been agreed that the antennas ports transmitted on different CCs can’t be assumed to be QCL-ed by default [2], the feedback information from UE side is more critical to configure proper QCL relationship among RSs when multiples CCs are adopted. The simulation under CDL-A channel model is conducted to investigate experienced channel properties for four adjacent CCs. Total 2000 UEs are dropped within this simulation and detailed simulation configurations can be found in Table 3. For each UE, the best Tx-Rx beam pair is selected according to calculated RSRP per CC. As shown in Figure 2, for some UEs, due to frequency selectivity, both the selected Tx and Rx beams are varying per CC. The statistical results listed in Table 1 depict that different beam pairs are selected by each CC for more than 20% UEs. It demonstrates that it is hard for the network to determine whether the ports across two CCs can be QCL’ed, even only w.r.t spatial Rx parameters. With UE feedback, accurate QCL relationship can be established which is beneficial to beam-based transmission and reception for each CC. Meanwhile, the complexity and overhead for CSI feedback and channel tracking can also be reduced.
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[bookmark: _Ref485411083]Figure 2 Illustration of beam selection for four CCs
[bookmark: _Ref485195946]Table 1 Comparison of selected beam pair for each CC
	CC Index
	Same as 1st CC
	Different with 1st CC

	
	
	

	2nd CC
	71.70%
	28.30%

	3rd CC
	78.65%
	21.35%

	4th CC
	77.90%
	22.10%



Observation 1: Due to the frequency selectivity, variant TX and Rx beams are selected per CC.
Proposal 1: UE-assisted QCL association across different CCs w.r.t. at least the spatial QCL parameter is supported by UE feedback. Beam reporting can be considered as a form of this feedback.
Configurable sets of the QCL assumptions
As agreed in [2], three alternatives are proposed for determine the subset of QCL parameters between antenna port of two RS sources:
· 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

According to our analysis above, the experienced channel properties of RS are easily influenced by several factors, and it will result in various QCL assumptions between two RSs. Meanwhile, the functionality of certain RS resource (ports) will be dynamically changed according to the configuration, e.g., CSI-RS will be used for both beam management and CSI acquisition [4]. Consequently, the pre-defined QCL type as proposed in Alt 3 is not suitable for the implementation of QCL in NR. 
Furthermore, based on the method proposed by Alt1, the maximum flexibility of the QCL assumption can be ensured, but overhead for indication is excessive if full flexibility is allowed. More specifically, these potential combinations could be further narrowed down for each RS pair according to transmission/reception in practices e.g. whether the same Rx analog beam is adopted or not, whether transmitted or received with the same or calibrated RF configurations, whether channel reciprocity/beam correspondence is held or not. Since the information may not be known at TRP side firstly, as proposed in alt2, the combination of parameters for target RS pairs can be selected step by step from pre-defined sets according to obtained information. Here each step refers to the dedicated procedure for the link establishing or data transmission, e.g., PRACH, beam training. 
Moreover, the following candidates of configurable QCL parameters set shown in Table 2 can be considered as an example for the gNB configured QCL/QCB assumption to certain RS pair.  The listed types (i.e. grouping of QCL parameters) are defined as the special cases according to potential RSs functionalities. The DL signalling, e.g., RRC/MAC CE or DCI can be used to indicate the selected QCL assumption for RS pair in either semi-persistent or dynamic way. 
[bookmark: _Ref470536671]Table 2 Typical subset of QCL parameters for QCL assumptions among certain RS pairs
	RS pairs
	Potential QCL sets
	Application case

	(SS,SS)
	[2]/[2][6]
	1. Two SSs transmitted from the same TRP with different or same beam.　

	(SS,CSI-RS)
	[2]/[2][6]/[2][4]/[2][4][6]
	1. 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.
2. 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.　

	(SS,DM-RS)
	[2][4]/[2][4][6]/[6]
	1. The SS is used as the reference of DM-RS for synchronization when the DM-RS is transmitted from the same TRP as the SS with different or same beam.　.　　

	(CSI-RS,CSI-RS)
	[1][2]/[1][2][6]/[1-4]/[1-4][6]/[1-5]/[1-6]/[6]
	1. CSI-RS for channel tracking is used as the reference of CSI-RS for frequency tracking
2. The second CSI-RS for CSI acquisition shares the same beam as beam management CSI-RS.
3. Two CSI-RS beams from different TRPs fall into similar angle of arrival.　

	(CSI-RS,DM-RS)
	[1][2]/[1][2][6]/[1-4]/[1-4][6]
	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 DM-RS for frequency and time tracking when similar beam is transmitted.　

	(CSI-RS,SRS)
	[6]
	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.　

	(DM-RS,DM-RS)
	[1-5]/[1-6]
	1. DM-RS ports belonging to the same DMRS port group

	Notes:
1. QCL parameters: [1]Doppler spread, [2] Doppler shift, [3] delay spread [4]average delay, [5] average gain, [6] Spatial Rx parameter
2. [6] can be added to all typical QCL parameter sets when analog receive beam is considered.　

	



More specifically, considering the observations listed in summary of [88b-12] email discussion [4], the following combination can be considered as the baseline for further discussion:
1. CSI-RS port and SRS port can be assumed to be QCLed w.r.t spatial Rx parameter. This association can be configured once the beam correspondence/channel reciprocity is held.
2. CSI-RS ports within different resource can be assumed to be QCLed:
· w.r.t spatial Doppler spread and Doppler shift if CSI-RS for channel tracking is used as the reference of CSI-RS for channel acquisition
· w.r.t spatial parameter if CSI-RS for beam management is used as the reference of CSI-RS for CSI acquisition
3. CSI-RS port and DM-RS port can be assumed to be QCLed
· W.r.t Doppler spread Doppler shift, delay spread, average delay and spatial Rx parameter if CSI-RS for CSI acquisition is received by similar beam as DM-RS.
· w.r.t Doppler spread, Doppler shift, if CSI-RS for channel tracking is used as the reference of DM-RS for frequency tracking regardless whether received by similar beam
4. SS port and DM-RS port can be assumed to be QCLed
· w.r.t spatial Doppler spread and Doppler shift if SS is used as the reference of DM-RS for synchronization when the DM-RS is transmitted from the same TRP　
· w.r.t spatial parameter if SS is used as the reference of DM-RS for beam management
The DL signaling, e.g., RRC/MAC CE or DCI can be used to indicate the selected QCL assumption for RS pair in either semi-persistent or dynamic way. 
Proposal 2: The approach as proposed in alt 2 should be supported in NR for the gNB to configure QCL parameters among RSs.
Proposal 3: The following QCL associations should be supported in NR:
· CSI-RS port and SRS port can be assumed to be QCLed w.r.t spatial Rx parameter.
· CSI-RS ports within different resource can be assumed to be QCLed:
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial Rx parameter
· CSI-RS port and DM-RS port can be assumed to be QCLed
· w.r.t Doppler spread Doppler shift, delay spread, average delay and spatial Rx parameter 
· w.r.t Doppler spread, Doppler shift
· SS port and DM-RS port can be assumed to be QCLed
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial parameter
Proposal 4: DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs.
Multiple-stages configuration for the QCL among RS ports
Based on above analyses, multiple-stages (e.g., three stages with combination of RRC, MAC CE and DCI signalling) configurations of QCL/QCB among various combinations of RSs ports are proposed for each RS port. Moreover, the detailed implementation for the first DMRS port is taken as an example that is demonstrated in Figure 4. It can be observed that:

1. The potential QCL relationships for the first DMRS port are configured as a pool via RRC signalling. For example, when multiple-TRP transmission is considered, the QCL relationship between the first DMRS and the z-th DMRS ports should be specifically considered as well as the relationship with x-th CSI-RS. 
2. The selection of potential combination for the first DMRS port could be conducted through activation and de-activation operation via MAC CE signalling. 
3. The indication of QCL relationship between DMRS and CSI-RS would be finally indicated to the UE via DCI signalling. 

Based on this mechanism, the update including the re-selection and re-configuration of the QCL association among ports could be efficiently conducted. And the accuracy of the channel estimation for data and control could be ensured when transmission mode or channel condition is dynamically changed. Moreover, the agreed configuration of QCL for UE specific NR-PDCCH with RRC and MAC-CE signalling can also be supported by current framework. For example, the QCLed DM-RS ports pool is shared for both control and data channel in RRC level. Then the selection can be done with MAC-CE signalling for control and MAC-CE+DCI signalling for data. Besides, according to this approach, QCL association among RSs (e.g., SRS, DM-RS) for UL only, or between RS for DL and UL, (e.g., CSI-RS, SRS), can also be configured by gNB.
 


 
[bookmark: _Ref470541228]Figure 3 Illustration of the QCL configuration for the first DMRS port with multiple-stages
Proposal 5: Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL.
Conclusion 
In this contribution, the corresponding analysis related to QCL/QCB issues in NR has been conducted with the following observation and proposals:

Observation 1: Due to the frequency selectivity, variant TX and Rx beams are selected per CC.
Proposal 1: UE-assisted QCL association w.r.t. at least the spatial QCL parameter is supported by UE feedback.
Proposal 2: The approach as proposed in alt 2 should be supported in NR for the gNB to configure QCL parameters among RSs.
Proposal 3: The following QCL associations should be supported in NR:
· CSI-RS port and SRS port can be assumed to be QCLed w.r.t spatial Rx parameter.
· CSI-RS ports within different resource can be assumed to be QCLed:
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial Rx parameter
· CSI-RS port and DM-RS port can be assumed to be QCLed
· w.r.t Doppler spread Doppler shift, delay spread, average delay and spatial Rx parameter 
· w.r.t Doppler spread, Doppler shift
· SS port and DM-RS port can be assumed to be QCLed
· w.r.t spatial Doppler spread and Doppler shift 
· w.r.t spatial parameter
Proposal 4: DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs.
Proposal 5: Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL.
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[bookmark: _Ref477874404]Table 3 Simulation assumptions
	Channel Model
	CDL-A (DS = 100 ns)

	UE velocity
	3km/h

	Subcarrier space
	60kHz

	FFT Size
	2048*4

	Bandwidth per CC
	100 MHz

	Channel estimation
	Ideal

	Number of Drops
	2000

	Antenna configuration
	BS: [1,1,4,8]
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