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Introduction
In RAN1 #88bis, following working assumption for QCL is confirmed [1].
· 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.
It is also agreed to further discuss details of QCL types, including use cases, QCL parameters for different pairs of RSs/RS resources.  In this contribution, we discuss remaining open issues of QCL.
Discussion
QCL parameters for RS pairs
In LTE, five QCL parameters are defined, including delay spread, Doppler spread, Doppler shift, average gain, and average delay.  Antenna ports QCL is further specified with respect to different subset of those QCL parameters, depending the type of antenna ports, DL physical channels, and transmission modes.
In addition to the QCL parameters defined in LTE, it is also agreed to include spatial parameter(s) as QCL parameter(s) to describe the spatial channel properties of the antenna ports observed at the receiver.  As discussed in [2], when receive beamforming is used, the angular domain parameters at the arrival, e.g., mean AoA/ZoA and/or ASA/ZSA, can be considered as spatial QCL parameter.  If two antenna ports are QCL w.r.t. a RX spatial parameter, the same receiving beam can be used to receive signals/channels transmitted from these two ports.  As shown in Figure 1, these two ports may be transmitted with different TX beams.
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Figure 1: Two ports using different TX beams are QCL w.r.t. RX spatial parameter.
Therefore, there are at least 6 QCL parameters in NR, including
(1) Average gain;
(2) Average delay;
(3) Doppler shift;
(4) Delay spread; 
(5) Doppler spread;
(6) RX spatial parameter(s)
Depending on the use case, two antenna ports can be assumed to be QCL w.r.t. a subset of these parameters.  Typical use cases include 
· Time/frequency tracking
· Channel estimation for demodulation
For time/frequency tracking, the UE needs to determine the receive timing and frequency shift.  A UE may need to maintain multiple time/frequency tracking loops to support multi-TRP transmission.  A UE can estimate average delay and Doppler shift based on SS block and/or tracking RS (TRS) [3].  The receive timing and frequency shift obtained from SS block or TRS can be applied to other RS ports, if these other RS ports and the SS block or TRS are QCL w.r.t. average delay and Doppler shift.
For PDSCH DMRS channel estimation, UE needs to obtain Doppler spread, delay spread.  The delay spread may be estimated from CSI-RS with sufficient density in frequency.  For example, the density of 1RE/RB/port can work with subcarrier spacing of 15kHz, but may not be dense enough for larger subcarrier spacing.  The Doppler spread estimation based on CSI-RS can be inaccurate due the sparse density of CSI-RS in time-domain.  So, for both delay spread and Doppler spread estimation, tracking RS (TRS) can be used to enhance the estimation accuracy.  Besides Doppler spread and delay spread, phase error from PTRS is also needed for DMRS channel estimation.  
For one symbol PDCCH demodulation, Doppler information may not be explicitly needed for DMRS channel estimation.  But some coarse frequency offset can be estimated from SS block for receiving PDCCH.  Different Doppler shift in SS block and PDCCH DMRS will show up as frequency error. So, it is important to have QCL of SS and PDCCH DMRS w.r.t. Doppler shift/spread.
In Table 1, we summarize QCL parameters for different pairs of RSs/RS resources.
Table 1: Summary of QCL parameters for different pairs of RSs/RS resources.
	Pairs of RSs /RS resources
	QCL parameters
	Application case

	SS or CSI-RS
	TRS
	(2) (3) (4) (5) (6)
	Time/frequency tracking

	SS or CSI-RS
	DMRS or PTRS
	(2) (3) (4) (5) (6)
	Channel estimation for demodulation

	SS
	CSI-RS
	(3) (5) (6)
	[bookmark: _GoBack]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.

	PDCCH-DMRS
	PUCCH-DMRS
	(6)
	QCL in reciprocal sense. e.g., signaling to use the RX beam of PDCCH to transmit PUCCH

	CSI-RS
	SRS
	(6)
	QCL in reciprocal sense


Proposal 1: Support QCL parameter subsets in Table 1.
QCL assumptions for antenna ports across component carriers
Just as in case of LTE, carrier aggregation can be used to further increase the available bandwidth and data rates.  In LTE, due to frequency selectivity across multiple CCs, the UE measurement and reporting is done separately for each CC.  So, there’s no need for QCL antenna ports across different component carriers (CCs).  In NR, especially for higher frequencies, the challenge of heavy path loss necessitates analog beamforming.  With analog beamforming, the multiple (CCs) sharing the same antenna panel may be carried by a common analog beam at the same time.  This can be exploited to make beam related UE measurements combined across multiple CCs, if a UE can assume antenna ports on those CCs are QCL w.r.t. spatial parameters.    
Proposal 2: NR supports QCL indication across carriers.
QCL assumptions for coherent joint transmission
In case of coherent joint transmission, a UE may need to report co-phasing between antenna ports from different TRPs.  To enable the co-phasing measurement, a UE need to measure the channels from different TRPs within coherence time.  Two options can be considered.
Option 1: A UE is configured with multiple CSI-RS resources.   Each CSI-RS resource is associated with one TRP.  The network needs to configure the time-domain behavior of these CSI-RS resources such that a UE can observe the channels from different TRPs within coherence time.
Option 2: A UE is configured with a single CSI-RS resource.  The CSI-RS ports within a CSI-RS resource are divided into multiple CSI-RS port groups.  Each CSI-RS port group is associated with a TRP.  So, CSI-RS ports within the same group can be assumed to be QCL, while the CSI-RS ports in different CSI-RS port groups cannot be assumed to be QCL.  This allows a single configuration of time-domain behavior, i.e., a UE can observe channels from different TRPs in the same slot.
Proposal 3: NR support CSI-RS port grouping within a CSI-RS resource.  A UE can assume that CSI-RS ports within the same CSI-RS port group are QCL.  A UE cannot assume that CSI-RS ports form different CSI-RS port groups are QCL. 
Conclusions 
To summarize, we discussed remaining open issues of QCL.  We propose:
Proposal 1: 	Support QCL parameter subsets in Table 1.
Proposal 2: 	NR supports QCL indication across carriers.
Proposal 3:	NR support CSI-RS port grouping within a CSI-RS resource.  A UE can assume that CSI-RS ports within the same CSI-RS port group are QCL.  A UE cannot assume that CSI-RS ports form different CSI-RS port groups are QCL. 
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