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1
Introduction
The agreements of 3GPP RAN1#86 related to antenna port quasi-co-location are listed in the following:
Agreements:
· All physical channels and reference signals in NR are transmitted using antenna ports

· Agree as working assumption the following antenna port definition for NR (same as in LTE)

· An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 
· Parameters for antenna port QCL in NR includes at least (if QCL is supported)
· Average gain, average delay, delay spread, Doppler shift and Doppler spread (same as in LTE)

· Additional parameters are FFS 

· FFS whether the QCL or other means can be used for UE beamforming management
· The following QCL assumptions for DM-RS antenna ports in NR are for further study

· QCL across DM-RS antenna ports

· All the DMRS antenna ports are QCL-ed with each other

· Not all the DMRS antenna ports are QCL-ed with each other

· QCL across scheduled PRBs for DM-RS antenna port 

· QCL among DM-RS antenna port groups

· QCL of DM-RS antenna ports with antenna ports of other reference signals (RS to be defined in NR) 

· Other assumptions are not precluded

· Note: The antenna ports of demodulation reference signal (DM-RS) in NR are used to transmit at least physical data and, possibly, control channels and used at the UE for demodulation
Agreements:
· All QCL assumptions that a UE is allowed to make among antenna ports should be identified and explicitly specified

· QCL is defined as follows: 
· Two antenna ports are said to be quasi co-located if properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed.
· Future refinement on QCL definition is not precluded
In this contribution, a special focus is given for the discussion of the quasi-co-location (QCL) antenna port configurations for NR system.
2
Motivation

In LTE [1], the assumption of QCL:ed antenna ports is defined as: “Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay”. The definition of QCL:ed antenna ports reflects the assumption that how transmissions associated with antenna ports are distributed over geographically separated antennas. By exploiting information on QCL antenna port configuration, operation of channel estimator can be enhanced at UE. On the other hand, the wrong QCL assumption can lead to a performance degradation. In LTE, a downlink signalling support for UE to indicate the QCL assumption for antenna ports is provided. 
Figure 1 shows an example of multi-TRP and multi-beam communication scenario in NR. As can be seen, different data/control channels and reference signals can be transmitted to UE via different antenna panels and TRPs. In contrast to LTE, in NR different reference signals and data/control channels for DL can be associated with different antenna ports distributed over spatially different TRPs and antenna panels. Furthermore, in comparison of LTE and NR, UE is assumed to be equipped with RX/TX hybrid/analog beamforming antenna array architecture. To reduce the complexity of RX/TX beamforming operation at UE, it is beneficial to indicate for UE QCL antenna port assumptions for different reference signals and channels. Therefore, QCL antenna port configurations defined in LTE need to be revised for NR.
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Figure 1. An example of multi-TRP and multi-beam communication scenario in NR. 

Observation 1: In NR, communication links are associated with multi-TRPs and multi-beams. Therefore, existing LTE based QCL antenna port assumptions are not valid anymore and need to be revised.
Observation 2: Information on QCL antenna port assumptions between antenna ports associated with reference signals is beneficial for UE equipped with RX/TX beamforming capability.
3 
Discussion QCL Antenna Port Configurations for NR 
In this section, QCL antenna port configurations for different reference signals are discussed. 
With respect to LTE, NR may need to introduce new reference signals to enable efficient operation at higher carrier frequencies in addition to existing ones. In our companion papers [5, 6], and reference signal for phase-noise compensation (PCRS, continuous in time) and beam reference signal (BRS) are discussed. Additionally, in comparison to LTE, the most of reference signals in NR may be by default on user-specific on demand reference signals. Naturally, there might be also some exceptions as beam reference signal (BRS) that can be understood as broadcast type of reference signals with beamforming. Hence, new QCL antenna port assumptions with respect to different large scale parameters need to be defined for NR.
Observation 3: NR may have new type of reference signals for which QCL antenna port assumptions need to be defined.
Table 1. summarizes QCL antenna port assumptions between same reference signals. It is worth noting that the notation of TRP J, panel x, AP k, define index for TRP, panel and antenna port respectively.

Table 1. QCL antenna port assumptions between same reference signals. 
	Reference Signal
	Reference Signal
	QCL Assumption

	BRS (TRP j, panel x, AP k )
	BRS (TRP j, panel x, AP n )
	QCL w.r.t. delay spread, Doppler spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers)

	BRS (TRP j, panel x, AP k )
	BRS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction, also subject to inter-panel calibration assumption)

	BRS (TRP j, panel x, AP k )
	BRS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay

	DMRS (TRP j, panel x, AP k )
	DMRS (TRP j, panel x, AP n )
	QCL w.r.t. delay spread, Doppler spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers )

	DMRS (TRP j, panel x, AP k )
	DMRS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction,  also subject to inter-panel calibration assumption)

	DMRS (TRP j, panel x, AP k )
	DMRS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay

	CSI-RS (TRP j, panel x, AP k )
	CSI-RS (TRP j, panel x, AP n )
	QCL w.r.t. delay spread, Doppler spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers)

	CSI-RS (TRP j, panel x, AP k )
	CSI-RS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction, also subject to inter-panel calibration assumption )

	CSI-RS (TRP j, panel x, AP k )
	CSI-RS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay

	PCRS (TRP j, panel x, AP k )
	PCRS (TRP j, panel x, AP n )
	QCL w.r.t. delay spread, Doppler spread, Doppler shift, average gain, and average delay (assuming antenna ports k and n to be different polarization layers and assuming VCO to be shared)

	PCRS (TRP j, panel x, AP k )
	PCRS (TRP j, panel y, AP g )
	No QCL at least w.r.t. Doppler shift and Doppler spread (assuming different panels to point different direction, also subject to inter-panel calibration assumption and assumption on shared or separate VCO)

	PCRS (TRP j, panel x, AP k )
	PCRS (TRP h, panel x, AP g )
	No QCL w.r.t delay spread, Doppler spread, Doppler shift, average gain, and average delay


Observation 4: Independent of RS type, antenna ports associated with same panel, e.g. having different polarization layers, can be assumed to QCL:ed with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.
Observation 5: Due to beamforming, it remains unclear in which conditions QCL antenna port assumption holds between different antenna panels located at same TRP.
To enable efficient UE operation in different NR scenarios, QCL antenna ports assumption between different antenna ports associated with reference signals need to be signaled dynamically for UE. 
Proposal 1:  Support dynamic signaling to indicate UE about QCL antenna port assumptions for each reference signal type in NR. 
4
Conclusions
In this contribution, QCL antenna port assumptions for NR system at higher carrier frequencies have been considered. 

Based on the discussions, the following observations have been made:

Observation 1: In NR, communication links are associated with multi-TRPs and multi-beams. Therefore, existing LTE based QCL antenna port assumptions are not valid anymore and need to be revised.
Observation 2: Information on QCL antenna port assumptions between antenna ports associated with reference signals is beneficial for UE equipped with RX/TX beamforming capability.
Observation 3: NR may have new type of reference signals for which QCL antenna port assumptions need to be defined.
Observation 4: Independent of RS type, antenna ports associated with same panel, e.g. having different polarization layers, can be assumed to QCL:ed with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.
Observation 5: Due to beamforming, it remains unclear in which conditions QCL antenna port assumption holds between different antenna panels located at same TRP.

Based on the discussions, the following proposals have been made:

Proposal 1:  Support dynamic signaling to indicate UE about QCL antenna port assumptions for each reference signal type in NR. 
References
[1] 3GPP TS 36.213, "Physical layer procedures”
[2] 3GPP TS 36.213, "Physical layer procedures”

[3] RP-152257, “New Study Item Proposal: Study on Scenarios and Requirements for Next Generation Access Technologies”

[2] R1-165362, “Multi-antenna Architectures and Implementation Issues in NR”, Nokia, Alcatel-Lucent Shanghai Bell
[3] 3GPP TS 36.101 “User Equipment (UE) radio transmission and reception”
[4] R1-167280, “Multi-Beam Common Control Plane Design”, Nokia, Alcatel-Lucent Shanghai Bell
[5] R1-1610276 “On PCRS Design for NR”, Nokia, Alcatel-Lucent Shanghai Bell

[6] R1-1610244, “On beam training based on periodic DL signals”, Nokia, Alcatel-Lucent Shanghai Bell
[image: image2.png]« reference signals
+ data/control channels

« reference signals
+ data/control channels




