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Introduction
In RAN #71, the SID for new radio access technology has been approved [1]. The new RAT (NR) will consider frequency ranges up to 100 GHz [2].  For High-frequency communication above 6 GHz, it suffers significant path loss and penetration loss. One solution to solve this problem is using large-scale antenna array to achieve high beamforming gain. It is essential to study NR multi-beam approaches for new radio interface including enhanced massive MIMO with different types of beamforming including analog/digital/hybrid beamforming.  Taking into account that multi-beam approaches firstly are discussed in RAN1, proponents should calibrate their platforms and facilitate the subsequent performance comparisons. 
This contribution thus highlights the evaluation methodology, elaborates the calibration assumption for NR MIMO under multiple beams, and analyzes the remaining issues for evaluation assumption. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
3GPP RAN1 has started the discussion on the design of NR technology from RAN1#84-BIS and evaluation assumptions have been discussed for evaluating different techniques.  The group has reached consensus on many MIMO-related issues, e.g., channel model TR 38.900, TRP antenna modelling, UE antenna modelling, etc. The discussion on multi-antenna scheme for NR has been started and single beam and multi-beam approaches with three beamforming types namely analog/digital/hybrid have been identified. However, the group has not started the discussion on evaluation methodology, i.e. how these approaches are evaluated. 
With the increase of antenna elements, the NR systems have narrower beam and need much more beams to ensure the coverage. This means that the evaluation of system-level simulation would likely be more complicated than LTE-related one. Before launching the performance evaluation for candidate multi-beam beam approaches, it is desirable to have companies calibrate their simulation platforms with each other so that the group has a common ground. 
Observation:  In order to facilitate the subsequent performance evaluation, it is desirable to have calibration for multi-beam link-level simulation as well as for system-level simulation.
Evaluation methodology for multi-beam approaches
The aim of evaluation for multi-beam approaches is to study the candidate proposals in terms of overhead, latency and spectral efficiency, downselect them and subsequently achieve the design of NR beamforming. 
To perform full evaluation e.g. on data throughput, essential features such as numerology and frame structure need to be finalized. Before this, initial study on multi-beam approach can be done to evaluate the improvement of channel quality, instead of the whole performance evaluation. This means even though consensus for the numerology and frame structure has not been reached in 3GPP, we still can initiate the performance evaluation for multi-beams approaches, using metrics like via EIPR and RSRP.    
The brief procedure of evaluation of multi-beam approaches is described as follows:
Step 1 - Initialization: The Tx point initializes beam sweeping with the Rx one, meanwhile the link-level/system-level channels are also enabled;
The method for initialization and its association between sweeping beams and frequency/time resources should be clarified, e.g., triggered-based and periodic, for each multi-beam approach. Notice that the Rx should be exactly aware of the subsequent procedure and which information would be fed back to the sweeping transmitter after each sweeping without any ambiguity. 
Step 2 - Sweeping:   The sweeping blocks via pre-specified resources is transmitted to the Rx;
The TXRU mapping weights and the structure of sweeping blocks remains for further design of multi-beam approach. Each company should describe its methods or configuration so that the simulation results are reproducible and generated for evaluation and comparison by other companies. For calibration, the mapping weights can be fixed to a certain set.  
Step 3 – Feedback: The beam-sweeping-related CSI, e.g., index of selected transmission beam needs to be fed back to the transmitter; 
Besides the feedback content and structure, each company should highlight the criteria for its beam selection and the principle or formula for how to calculate some quantitative information, if any.  
Step 4 - Repetition: The steps 2~3 are repeated until the expected beam pairs or pair groups are identified.
Step 5 - Metrics: Calculate metrics or the targeted indicators after beam sweeping in this realization. 

It should be noted that, in performance evaluation, the following parameters should remain for further optimization for the companies interested. 
· Procedure of beam sweeping;
· Number of beams and its associated TXRU mapping weights;
· Feedback information;
· Criteria for beam selection;
Proposal 1: Regarding performance evaluation, the following metrics are proposed as a baseline:
· Link-level simulation: 
· Number of sweeping blocks, which represents the number of probing beam pairs;
· Time consumption of a beam selection for one UE;
· CDFs of the maximum EIRP for TRP and UEs
· Throughput/Spectral efficiency versus SNR
· System-level simulation: 
· CDF of coupling loss;
· CDF of wideband RSRP – serving cell;
· CDF of throughput/spectral efficiency 
Multi-beam link-level calibration 
Table 1 presents the evaluation assumption for multi-beam link level calibration according to the recent agreements on NR. We here just consider the beamforming training between one TRP and one UE. These metrics of multi-beam link-level calibration are interpreted as follows:
· CDF of the maximum EIRP: 
· #1 for TRP: For any spatially uniform direction, e.g., with span of 1 degree, search for the maximal EIRP[footnoteRef:2] for all beams. Then cumulate these in terms of CDF functions; [2:  The equivalent isotropically radiated power (EIRP) is the amount of power that a theoretical isotropic antenna (which evenly distributes power in all directions) would emit to produce the peak power density observed in the direction of maximum antenna gain. To be more specific, 

where and are in dB, and antenna gain is expressed in dBi, relative to a theoretical isotropic reference antenna. For link-level simulation, PT =0dBm as default.] 

· #2 for UE: As TRP but calculation for UE;
· RSRP versus reception power without beamforming gain.
[bookmark: _Ref457923475]Table 1 Multi-beam link-level calibration
	Parameter
	Values

	Channel model
	3GPP TR38.900 CDL-A model (Delay spread = 10 ns)
3GPP TR38.900 CDL-D model (Delay spread = 10 ns)
Mobility: 3km/h

	Bandwidth
	80MHz 

	Type of multi-beam approach
	DL Beamforming

	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ.

	BS antenna pattern
	Refer to [3],[4]

	UE antenna configurations
	[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK6][bookmark: OLE_LINK7] (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.
 Θmg,ng=90; Ω0,1=Ω0,0+180; Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Refer to [3],[4]

	TXRU mapping to antenna elements 
	A single TXRU is mapped per panel per polarization.

	TXRU mapping weights per panel
	Kronecker product between vertical and horizontal weight vectors  taken from DFT; 
Notes: In each realization, TXRU weights for each panel are the same. 

	Control overhead
	Zero

	Feedback
	Beamformed RSRP

	Sweeping block
	 Each analog  beam independently occupies one symbol of OFDM

	Beam sweeping approach
	Exhaustive search

	Criteria for beam selection  
	Search the beam pair with objective of maximizing beamformed RSRP

	Metrics
	1) CDF of the maximum EIRP(of all beams):
#1 for TRP; 
#2 for UE;

	
	2) RSRP versus reception power without beamforming gain


Proposal 2: Adopt assumptions in Table 1 for multi-beam link-level calibration.


Multi-beam system-level calibration 
Table 2 presents the evaluation assumption for multi-beam system level calibration according to the recent agreements on NR.
[bookmark: _Ref458522920]Table 2 Evaluation assumption for multi-beam system-level calibration
	Parameter
	Values

	Scenarios
	 Indoor hotspot, Urban macro, dense urban 

	Carrier
	30GHz

	Bandwidth
	80MHz 

	BS Tx power
	Refer to [3] 

	UE TX power
	23dBm

	Noise figure for BS/UE
	7dB/13 dB

	Type of multi-beam approach
	DL Beamforming

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ.


	BS antenna pattern
	Refer to [3],[4]

	UE antenna configurations
	 (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Refer to [3],[4]

	TXRU mapping to antenna elements 
	A single TXRU is mapped per panel per polarization.

	TXRU mapping weights
	Kronecker product between vertical and horizontal weight vectors  taken from DFT; 
In each realization, TXRU weights for each panel are the same.

	Control overhead
	Zero

	Feedback
	Beamformed RSRP

	Sweeping block
	 Each sweeping block occupies one symbol of OFDM, and the assisted pilot is know for UE/BS.

	Beam sweeping approach
	Exhaustive search

	Criteria for beam selection  
	[bookmark: _GoBack]Search the beam pair with objective of maximizing beamformed RSRP

	Metrics
	1) CDF of coupling loss 

	
	2) CDF of wideband SINR/RSRP – serving cell

	
	3) CDF of throughput/spectral efficiency 



Proposal 3: Adopt assumptions in Table 2 for multi-beam system-level calibration.
It is worthwhile to be highlighted that the above link-level/system-level evaluation assumptions only for multi-beam-related calibration. For evaluation, the multi-beam-approach related parameters can be left for proponents, such as their proposed beam sweeping approach, TXRU mapping weights, feedback and criteria for beam selection. While showing simulation results, each company should describe its configuration so that the simulation results are reproducible for other companies.  
Remaining issues on number of TXRUs 
The complexity of implementation and standardization should be considered for drawing up the number of TXRUs in NR. Instead of determining the exact number of TXRUs, some constraints would be more reasonable. In order to support the one-to-one mapping for below 6GHz, the maximum number of TXRUs for BS can be equal to the number of antenna elements. The maximum number of TXRUs for UE can be equal to the number of antenna elements. But for the above 6GHz, the full connection might be very expensive and usually phase shifter arrays would be used for reducing complexity. Therefore, it is recommended that the maximum number of TXRUs for BS is no less than 8; meanwhile, the maximum number of TXRUs for UE is no less than 4. 

Proposal 4: Support the following maximum number of TXRUs:
Below 6GHz: 
- For BS, the maximum number of TXRUs is the number of antenna elements;
- For UE, the maximum number of TXRUs is the number of antenna elements;
Above 6GHz: 
- For BS, the maximum number of TXRUs is no less than 8;
- For UE, the maximum number of TXRUs is no less than 4;
Conclusion
This contribution discusses the link-level and system-level calibration for multi-beam approaches, according to which the following observations and proposals are drawn.
Observation:  In order to facilitate the subsequent performance evaluation, it is desirable to have calibration for multi-beam link-level simulation as well as for system-level simulation.
Proposal 1: Regarding performance evaluation and calibration, the following metrics are proposed as a baseline:
· Link-level simulation: 
· Number of sweeping blocks, which represents the number of probing beam pairs;
· Time consumption of a beam selection for one UE;
· CDFs of the maximum EIRP for TRP and UEs
· Spectral efficiency versus SNR
· System-level simulation: 
· CDF of coupling loss;
· CDF of wideband RSRP – serving cell;
· CDF of throughput/spectral efficiency 
Proposal 2: Adopt assumptions in Table 1 for multi-beam link-level calibration.
Proposal 3: Adopt assumptions in Table 2 for multi-beam system-level calibration.
Proposal 4: Support the following maximum number of TXRUs for NR evaluation assumption:
Below 6GHz: 
- For BS, the maximum number of TXRUs is the number of antenna elements;
- For UE, the maximum number of TXRUs is the number of antenna elements;
Above 6GHz: 
- For BS, the maximum number of TXRUs is no less than 8;
- For UE, the maximum number of TXRUs is no less than 4;
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