3GPP TSG RAN WG1 Meeting #86	R1-167199
Gothenburg, Sweden, August 22 - 26, 2016

Agenda Item:	8.1.5
Source:	Huawei, HiSilicon
Title:	Evaluation of the Impact of QCL Assumptions and Discussion on Potential QCL Configurations 
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The necessity on Quasi-co-Location (QCL) study have been initially discussed in last RAN1#85 meeting [1][2][3].  It was agreed that the necessity of QCL and measurement assumptions for antenna ports are to be studied in NR.
In this contribution, we evaluate the impact of improper QCL assumptions, summarize the conventional QCL configurations in LTE and investigate potential QCL configurations and their corresponding measurement assumptions for antenna ports in NR.

[bookmark: _Ref129681832]Impact Evaluation of Improper QCL Configurations
In this section, we analyze and evaluate the impact of improper QCL assumptions, with respect to frequency offset, timing offset and received power imbalance. The detailed simulation assumptions are provided in Appendix.
Frequency offset analysis
The reference signals (RSs) transmitted from different TRPs may experience different Doppler shift and Doppler spread. With single QCL assumption, the UE presumes that the signals from different TRPs have the same large-scale fading characteristics, including the same Doppler shift and Doppler spread. However, this assumption is unreliable due to the fact that UE is moving at different direction relative to different TRP.  Based on the improper QCL assumption, the frequency offset estimation would be inaccuracy, which incurs performance degradation. 
In Fig.1, the influence of frequency offset is evaluated at the carrier frequency of 2GHz with single QCL assumption. The relative frequency offset ranges from 0 to 300Hz, based on the following factors:
· Doppler shift: For a UE moving with the velocity of 30km/h at the carrier of 2GHz, the maximum difference between the experienced Doppler shift is 2vf/c = 120Hz.
· Frequency error:  In 2G/3G/LTE, the allowable accuracy of the oscillator is +/-0.05ppm at its maximum for the wide area TRPs according to TS 36.104. Accordingly, the maximal different frequency error between two TRPs with independent oscillators at the carrier frequency of 2GHz is about 2f*0.05ppm=200Hz.
Thus, the total amount of relative frequency offset is ~300Hz. It is observed from Fig. 1 that the performance degradation due to frequency offset is more severe for higher order of modulation scheme. Notice that as the frequency carrier becomes higher, the frequency offset problem would be more critical. Thus, it is necessary to design effective estimation and correction method to reduce the impact of frequency offset.
	[image: ]
	[image: ]

	1a)  16QAM
	1b)  64QAM

	Fig. 1 Frequency offset evaluation



Timing offset analysis
The RSs from different TRPs generally arrive at the UE with different average propagation delay. Thus the same timing assumption from different TRPs due to single QCL assumption results in timing offset problem. The introduced ISI due to timing offset impacts the channel estimation accuracy seriously for both CSI  measurement and data demodulation, so as to degrade the MIMO performance significantly. The simulation results shown in Fig. 2 illustrate the impact of timing offset on the throughput performance, where the positive timing offset represents the signal from one TRP arrives at UE later than the reference timing, while negative timing offset represents the signal arrives in advance. 
It shows that the performance loss due to timing offset is not negligible, especially in the case of negative timing offset. For positive timing offset, when the aggregated signals are received with the timing difference less than the CP length, few ISI is incurred.. However, with a timing offset, a linear phase factor will be added into the channel coefficient on adjacent subcarrier, which is hard to be estimated accurately.  Thus the simulation results still show performance loss resulted from the timing offset. For the negative timing offset, since the incurred ISI cannot be addressed by removing the CP, the performance loss is severely impacted.
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Fig. 2 Timing offset evaluation
Average gain analysis
The specific received power from different TRPs may vary greatly, depending on the distance of the UE away from the TRPs and the transmitted beam for the UE, which leads to different pathloss and beam blockage condition. Moreover, different TRPs have different transmit power and scheduling decisions, thus resulting in different receiving power.
If the UE assumes the average gain for antenna ports from different TRPs is the same, the SNR estimation at the UE may be inaccurate, which impacts the channel estimation accuracy accordingly. As a consequence, the CSI measurement and demodulation performance will be affected. Fig. 3 demonstrates the performance degradation incurred from the received power imbalance of the systems in TDD and FDD mode. At each SNR point, the total power of power imbalance case remains the same as that of power balance case. In TDD systems, the performance degradation due to power imbalance issue  comes from worse received SNR of sounding reference signal (SRS) at one of the TRPs. In FDD systems, the magnitude of channel coefficients impacts the SVD results, leading to a mismatch PMI selection and inaccurate CQI and RI calculation. 
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Figure 3 Power imbalance evaluations
From the above analysis, it can be inferred that single QCL assumption is not proper, since it may incur significant performance degradation due to frequency offset, timing offset and received power imbalance. It is recommended that the antenna ports should be divided into separate groups, while each group has different QCL configurations. In other words,  multiple QCL configurations should be supported.
Proposal 1: Multiple QCL configurations should be supported in NR.

Existing QCL configurations in LTE 
To avoid improper QCL indication, the QCL configurations for antenna ports in LTE is specified in TS 36.213, which are summarized in table 1 and table 2. Note that UE configured in TM 1~9 only support QCL behavior type A, while QCLconfigurations for UE configured in TM 10 can be either type A or type B, determined by higher layer signaling.
Table 1. QCL configurations for the same type of RS in LTE 
	RS type
	QCL assumptions

	CRS
	quasi co-located w.r.t. {delay spread, Doppler spread, Doppler shift, average gain, and average delay}

	DMRS
	quasi co-located for a given subframe w.r.t. {delay spread, Doppler spread, Doppler shift, average gain, and average delay}

	CSI-RS
	quasi co-located within one CSI-RS resource configuration w.r.t. {delay spread, Doppler spread, Doppler shift, average gain, and average delay}



Table 2. QCL configurations for different types of RS in LTE
	RS type
	QCL assumptions

	CRS and PSS/SSS
	quasi co-located with respect to {Doppler shift and average delay}

	CSI-RS and CRS/DMRS
	· QCL Behavior type A:  CRS, CSI-RS and DMRS may be assumed as quasi co-located w.r.t. {Doppler shift, Doppler spread, average delay, delay spread}  
· QCL Behavior type B: CRS, CSI-RS, and DMRS shall not be assumed as quasi co-located with the following exceptions: For each CSI-RS resource, the CSI-RS ports and CRS ports indicated by RRC signaling may be assumed as quasi co-located w.r.t. {Doppler shift, Doppler Spread}; DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located w.r.t. {delay spread, Doppler spread, Doppler shift, average delay}. 



Antenna Ports and Potential QCL Configurations in NR
To support the UE-cell-center-like framework as proposed in [5], the actual TRPs belonging to a hypercell should be transparent to the UEs.  The antenna ports from different TRPs experience different large-scale properties and single QCL assumption may not be feasible. Moreover, single QCL may not be appropriate even for antenna ports of different antenna panels at a single TRP.  Firstly, beams from different antenna panels experience different reflection and refraction and cause different channel delay. Secondly, different panels may have independent oscillators, resulting frequency errors between the panels. Thus, the QCL relationship for the antenna ports in NR becomes more complex. On the other hand, for NR, the definition and category of the RS may be different from LTE. Therefore, the QCL configuration should be further studied for antenna ports in NR. 
Antenna Ports and QCL Configurations for CSI-RS
With the absence of CRS, CSI-RS in NR will be the main tool for DL-based channel measurement and link adaptation. Within a hypercell, a terminal may be exposed to multiple beams from one or different TRPs and it is instructed to measure and report back their channel quality and/or channel state. Each beam is represented by its CSI-RS port which may occupy the entire or a portion of the system bandwidth. Since, the antennas generating these RS ports may be geographically separated or they pass through different environments and paths, terminal’s experienced channels over different ports may demonstrate different long term statistical properties and therefore, different QCL configurations for these ports should be considered. Here, we study three different scenarios. 
In the case of geographically separated antennas (i.e. different TRPs) different beams, the RS ports are subject to different path delays, different reflectors and shadows, different Doppler shifts and spreads, and timing and local oscillator mismatches. Therefore, these ports should have different QCL configurations.
CSI-RS ports originated from the same TRP existing within the same beam (or similar beams) experience the same long term statistics as they are originated from the same location and pass through the same environment. Examples of such scenario include multiple CSI-RS ports within the same wide beam, or the CSI-RS ports for two adjacent narrow beams designed for beam transmit diversity. In this scenario, these CSI-RS port may use the same QCL configuration.
The third scenario relates to CSI-RS ports originated from the same TRP but within different beams. In this case, although the beams are originated from the same location, they pass through different routes resulting in timing mismatch, different path losses, different Doppler shifts and spreads, different tapped delay power profiles, and different covariance matrices at both the network and terminal sides. That results in the need for different QCL configurations.
As a result, the network should inform the terminal explicitly or implicitly if QCL assumptions may be made between different CSI-RS ports. Such information can be conveyed to the terminal through higher layer messages defining the CSI-RS ports. Implicit QCL assumptions may be conveyed through different CSI-RS port configurations. For example, the standard specs may demand the CSI-RS ports within the same OFDM symbol originated within the same beam from the same TRP but that QCL assumptions cannot be made for CSI-RS ports in different OFDM symbols. 
The terminal should perform channel measurement for different CSI-RS ports based upon the explicit or implicit assumptions. It should utilize different parameters and procedures for CSI-RS ports belonging to different QCL configurations but may reuse the same parameters for QCL CSI-RS. 
Proposal 2: Study flexible QCL configurations for CSI-RS ports in explicit or implicit manner. 
Antenna Ports and QCL Configurations for Demodulation RS
Demodulation RS will always play an important role in NR. Since different downlink transmit antennas serving the same terminal may be geographically separated in the form of CoMP, the channels of different DMRS ports relevant for a terminal may differ in terms of large-scale properties, which will cause different DMRS ports may have different parameters or procedures in channel estimation and data demodulation. Hence, to simultaneously guarantee transmission reliability and efficiency in distributed MIMO, different QCL configurations should be considered among DMRS antenna ports. 
[bookmark: _GoBack]On the one hand, the network should inform the terminal whether each two relevant DMRS antenna ports can be assumed to be quasi-co-located or not, which should be achieved by means of explicit signaling or implicit indicating.
· Extend or enhance DCI to add DMRS port related QCL configurations, for example, revising the current PDSCH resource-element mapping and quasi-co-location indicator to support DMRS port related QCL indication.
· The explicit signalling might indicate: allocated DMRS port indices for a given terminal, QCL relations of each two DMRS antenna ports, DMRS port related PDSCH mapping information (e.g., CRS and CSI-RS configuration, PDSCH starting point).
· DMRS port related QCL configurations can also be indicated in an implicit way, for example, the network can indicate QCL relations of DMRS antenna ports by means of DMRS port mapping.
On the other hand, the terminal may operate according to the aforementioned explicit signaling or implicit indicating as follows,
· The terminal would employ the same parameters and procedures in channel estimation and data demodulation among DMRS antenna ports assumed to be QCL.
· Different parameters and procedures should be adopted by the terminal in channel estimation and data demodulation among DMRS antenna ports assumed to be non-QCL.
Proposal 3: Study flexible QCL configurations for DMRS ports in explicit or implicit manner.

Antenna Ports and QCL Configurations for Other types of RS
In addition to CSI-RS and DMRS, there are other types of RS such as Phase Noise RS (PNRS) under investigation for NR.  Some other types of RS ports may also be transmitted from different TRPs, different beams of the same TRP or different antenna panels.  It is also necessary to study the potential QCL configurations for other types of RS ports and different types of RS ports.
Proposal 4: Study flexible QCL configurations for other types of RS ports in addition to CSI-RS and DMRS, and also the potential QCL configurations between different types of RS ports.

Conclusion
In this contribution, the impact of improper QCL assumptions is evaluated and analyzed from the point view of the frequency offset, timing offset and power imbalance.  In summary, we have the following proposals,
Proposal 1: Multiple QCL configurations should be supported in NR.
Proposal 2: Study flexible QCL configurations for CSI-RS ports in explicit or implicit manner. 
Proposal 3: Study flexible QCL configurations for DMRS ports in explicit or implicit manner.
Proposal 4: Study flexible QCL configurations for other types of RS ports in addition to CSI-RS and DMRS, and also the potential QCL configurations between different types of RS ports.
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Appendix
Simulation parameters are given in table 3:
Table 3 Simulation Parameters
	Scheme
	Parameter
	Value

	Simulation
	Frequency offset (Hz)
	0/100/200/300

	
	Time offset (us)
	0/1/2/-1.5

	
	Power imbalance(dB)
	0/10/20/30

	
	SNR
	-4:4:20

	
	No. of TRPs
	2

	
	Transmission mode
	TM9

	
	System bandwidth
	10MHz

	
	Simulation interval
	5000 TTIs

	Channel model
	Model
	Rays

	
	Environment
	EPA3

	
	Correlation
	High

	
	Carrier frequency
	2GHz

	
	Spacing
	0.5 lambda

	
	Polarization
	Cross-polarized

	Receiver
	UE receiver
	MMSE/MMSE-IRC

	
	Noise estimation
	Real

	
	Channel estimation
	Real(DMRS)

	
	Interference estimation
	Real

	HARQ
	Max. trans. num.
	4

	
	Retransmission
	independent

	MIMO
	BS Antenna configuration
	4

	
	MS Antenna configuration
	4

	
	Rank
	1:4 Adaptive

	
	MCS
	AMC

	
	Report mode
	PUSCH 3-1

	
	Link adaption
	Soft OLLA, target 10% BLER

	
	Scheduled RB
	50PRB

	RS configuration
	CRS
	4

	
	CSI-RS
	8-port NZP CSI-RS with 5ms period

	
	DMRS
	4-port

	Metric
	Metric
	Throughput [Mbps/Hz]
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