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Introduction
Quasi-Co-Location issues for NR have  been discussed in RAN1#86 with the two agreements [1][2].  In light of these agreements, further discussion on QCL is conducted in this contribution based on preliminary analysis on the beam-based channel properties.  Moreover, Qusai-Co-Beam channel properties and flexible configuration on QCL parameters are discussed.
Overview of the QCL in LTE

For enhancing the channel estimation and supporting the multi-antenna/TRP communication, various QCL relationships have been assigned among the set of the DL reference signals with regard to the different combination of parameters as shown in Table 1.
[bookmark: _Ref462605076]Table 1 QCL assumption in LTE
	
	SSA
	CRSA
	CSI-RSA
	DMRSA

	SSB
	\
	[2][4]
	[2]
	[2][4] or [2]

	CRSB
	[2][4]
	[1-4]
	[1][2]
	[1-4]note1 or [1-2]note2

	CSI-RSB
	[2]
	[1][2]
	[1-5]
	[1-4]

	DMRSB
	[2][4] or [2]
	[1-4]note1 or [1-2]note2
	[1-4]
	[1-5]

	[1]Doppler spread, [2] Doppler shift, [3] delay spread [4]average delay, [5] average gain
Note1: TM1-9,TM10 Type A  Note2: TM10 Type B


These QCL assumptions for the reference signals are configured by the eNB in LTE.  So it is based on the knowledge from the eNB on how to group the reference signals with similar large scale channel properties.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Moreover, it should be noticed that these functionalities are established based on assumption that the ports which are used to transmit RS with different beamformed situation are co-located in the same TRP. Since QCL is introduced to support CoMP which only differentiates reference signals transmitted in different locations, it does not consider multiple beams transmitted in the same location.   Therefore, the validation of the aforementioned assumption should be further investigated in the NR system due to the introducing of multiple high directional beams at both TRPs and UE sides.   

Considerations for the QCL in NR
Beam based Channel property analysis
With the aforementioned concern, the analysis of the beam-based channel property have been conducted through both measurement based channel and simulated channel. The detailed configurations for channel measurement and simulation can be found in Table 2.
[bookmark: _Ref462644144]Table 2 Configurations for beam-based channel analysis
	Measurement
	Simulation

	Frequency
	23.5GHz
	Frequency
	30GHz

	Sweeping granularity
	Horizontal: 15°,Vertical 10°
	Channel Type
	TDL-A (DS:100 ns/ Velocity: 3km/s)

	HPBW
	Horizontal: 18.2°Vetrical : 17°
	Antenna Mode
	Tx:(4,8,1,1,1) Rx:(2,4,1,1,1)

	Bandwidth
	660MHz
	Codebook
	2D DFT



Considering applications of multiple-beam operations, channel analyses in this contribution are conducted only for the valid beam-pairs which are selected according to the received RSRP. The typical dynamic range is configured as 30 dB. 
For having a general understanding of the channel differences among various beam-pairs, the distribution of the maximum delay offset and deviation of the rms delay spread among the valid beam pairs obtained from 33 locations are shown in Figure 1. It can be found that the largest value for the delay offset could reach at 0.77μs with the mean value around 0.35μs. It may result in the TA mismatch among signal transmitted along different directions. The maximum deviation of the DS is relative small. 
[image: ] [image: ]
A. Delay offset                                                         B. RMS Delay spread
[bookmark: _Ref462646877]Figure 1 Distribution of maximum delay offset and deviation of the DS 
An example of the measured PAS for the selected beam pairs is illustrated in the Figure 2 for investigating the detailed differences among beam-based channel. It can be observed that total 27 beam-pairs are identified and these beam pairs are located around the direction of the direct LoS and reflected path in the angular domain of the propagation channel. And the maximum delay offset and DS of the experienced channel is obtained when the valid beam-pairs point to different propagation paths in the channel as shown in Figure 3.  Besides, the quasi-similar delay offset spread can be observed when the beam-pairs point to the adjacent direction.

[image: ]
[bookmark: _Ref462644700]Figure 2 Measured PAS for the selected beam pair
[image: ][image: ]
A. Delay                                                          B. RMS Delay spread
[bookmark: _Ref462645917]Figure 3 Measured delay and DS for the selected beam pair
[bookmark: _GoBack]The similar conclusions can also be addressed for other parameters as shown in Figure 4 based on the simulated channel realizations. 
s[image: ]
[bookmark: _Ref462650751]Figure 4 Channel parameters for the selected beam pair based on simulated channel
Observation 1: Delay offset among different beam-based channel is significant.

Observation 2: Similar channel properties can be observed when the beam-pairs point to adjacent direction. 
Potential solutions for the QCL
According to the aforementioned observations, the valid signals can be only received when the transmitted beams points to the dominant paths in the channel and the variation of the experienced channel conditions for these signals also highly depends on the beam direction.  For acquiring more accurate QCL assumptions and differentiating different beams with different channel properties, new channel properties, such as, angle of arrival and departure, relative delay, could be introduced to optimize the QCL assignment among ports in addition to the current large scale parameters. In this way, the implicit indication for the beams could also be provided for the UE in beam management procedure.  
In fact, some of these new parameters can be better known at the UE side e.g. angle of arrival.  These parameters are UE specific so that it relies more on each UE to interpret whether the beams seen by the UE have similar properties.  So it’s more desirable to have the UE feedback and tell the NR TRP which ports/beams have similar properties rather than relying solely on configuration from the network.  Moreover, it is more accurate to say similar properties shared by a group of beams are “Quasi-Co-beam”.  Grouping of antenna ports according to these quasi-co-beam properties is fed back by the UE.
Proposal 1: Introducing a new set of “Qusai-Co-beam” parameters e.g. angle of arrival, angluar spread to QCL parameters.  Grouping of antenna ports according to quasi-co-beam properties is fed back by the UE.
Considering the overhead of RS resources for channel estimation and various application case of multiple beams at both TRP and Rx sides, e.g.., beam association among control and data channels, different transmission modes with single or multiple TRPs, the flexible association of the QCL among ports should be supported depending on the configurable QCL parameters as shown in Figure 5. 

[bookmark: _Ref462814951]Figure 5 Configurable QCL parameters sets
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this case, the combination of these parameters could be either static defined or flexible determined by:
· TRPs according to the current transmission mode and scenario
· TRPs according to properties of transmitted signals, i.e., resource pattern in both time and frequency domains
· TRPs according to the feedback from the UE side/or directly determined by UE. e.g. “Quasi-Co-Beam” parameters

The corresponding signaling which is transmitted by TRP to indicate applied configurations should also be considered.

In addition, QCL association among the different ports which are respectively used for UL and DL should be supported under the consideration of channel reciprocity. The complexity and resource overhead will be reduced when these information are provided.

Proposal 2: Support flexible configuration of the QCL parameters for different applications
Proposal 3: Support QCL association of UL ports to DL ports considering channel reciprocity

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, discussion on QCL for NR has been conducted with the preliminary analyses of beam-based channel properties.  The following observations and proposals are introduced:
Observation 1: Delay offset among different beam-based channel is significant.
Observation 2: Similar channel properties can be observed when the beam-pairs point to the adjacent direction. 
Proposal 1: Introducing a new set of “Qusai-Co-beam” parameters e.g. angle of arrival, angular spread to QCL parameters.  Grouping of antenna ports according to quasi-co-beam properties is fed back by the UE.
Proposal 2: Support flexible configuration of the QCL parameters for different applications
Proposal 3: Support QCL association of UL ports to DL ports considering channel reciprocity
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