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Introduction
Agreements made on beam management in RAN1 #88 [1] can be summarized as follows:
	Summary of agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
·  L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission
· For the signal(s) utilized for beam management (BM) for P1/P2/P3, study further whether it is UE-specific vs. non-UE-specific




In this contribution, we present system level simulation results and analysis on beam measurement. 
Evaluation Results and Analysis 
One of the main issue related to beam measurement is the accuracy needed for beam measurement, which will decide both the time and frequency domain density of reference signals. In order to find the necessary accuracy for beam measurement, we simulate how system performance will change as error occurs in the beam measurement procedure. If there is no beam measurement error, the analog beam of gNB will directly point to the AoD and EoD of the selected UE. If there are beam measurement errors, the analog beam will point to the AoD and EoD plus error. The error angles are uniformly distributed within range [-E, E], where E is called the BM error in the simulation. Other simulation parameters are in the Appendix A. 
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Figure 1: DL SINR (a) and spectral efficiency for UMa 30GHz
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(a)                                                 (b)
Figure 2: DL SINR(a) and spectral efficiency for UMi 30GHz

Figure 1 and Figure 2 shows the simulation results on the SINR and spectral efficiency for both UMi and UMa 30GHz. As we can see from both figures, when the BM error increases, the system performance will decrease. Especially, we found that when the BM error is smaller than the 3dB-beam width angle, the system performance degradation is small. Note that the antenna pattern used for gNB in this simulation is (4,8,2,2,2). The 3dB-beam width in azimuth domain is 6.4 degrees. Therefore, we can say that for both UMi and UMa 30GHz NR, the reference signals pattern should be design so that the beam measurement accuracy is smaller than the 3dB-beam width of the antenna at gNBs.

Observation 1: For both UMi and UMa 30GHz NR, when the beam measurement error is within the 3-dB beam width of the gNB, the system performance, e.g., spectral efficiency, does not degrade too much. 





By the UT mobility modelling in TR38.900[2], the cluster departure angles( and) and arrival angles ( and) are updated as

		

		

		

		










where  is 2D distance between Tx/Rx;  is 3D distance between Tx/Rx; , ,  and  are cluster specific reflection surface angles. These angles equal 0 for LOS path and are generated using spatially consistent random numbers with uniform distribution U(-180o, 180o) and 50m correlation distance for  and ; and U(-90o, 90o) and 100m correlation distance for  and .
Assume the same antenna configuration in Appendix A is considered at a gNB. In UMi case, the minimum gNB to UE distance is 10 meters. When the UE speed is 3km/h, the period when the UE moves out of the 3dB-beam width, i.e., the period of beam measurement, can be estimated according to 



 seconds. 
The result of 2.68 seconds is based on the minimum BS to UE distance. Based on the UE location, the distance from UE to gNB will be larger than the minimum distance of 10 meters. Accordingly, the BM period can be increased. In the UMa case, the UE speed can be larger as well as the UE to BS distance, which may not change the level of beam measurement period, which is in several seconds or at least in the level of 0.1 seconds. Beam measurement more frequently will not increase the system performance but increasing the system overhead. To see the above phenomenon more directly, system level simulation on the periodicity of beam measurement is conducted. The results are shown in the following figures. 
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(a) [bookmark: _GoBack]                                     (b)
Figure 3 DL SINR(a) and spectral efficiency for UMa 30GHz with different BM period
In Figure 3, the spectral efficiency is calculated every slot, where the slot length is 0.25ms. There are totally 100 drops and in each drop 4000 slots are simulated. Two different beam measurement periods (2.5ms and 15ms) with two different UE speeds (3km/h and 120km/h) are simulated. From this figure, we can find that there is virtually no performance loss with beam measurement period as large as 15 miliseconds (60 slots). Note that the results here are geometry-based simulation results and there is no small scale fading considered. This is the reason why the two curves with different beam measurement period are exactly the same. Doppler and multipath effect may make the beam measurement performance worse.
Observation 2: For 30GHz NR, there is virtually no performance loss with beam measurement period as large as 15 ms (60 slots for 60kHz SCS).

Conclusions
This contribution presents our system level simulation results on beam management. The following observation is made:
Observation 1: For both UMi and UMa 30GHz NR, when the beam measurement error is within the 3-dB beam width of the gNB, the system performance, e.g., spectral efficiency, does not degrade too much. 

Observation 2: For 30GHz NR, there is virtually no performance loss with beam measurement period as large as 15 ms (60 slots for 60kHz SCS).
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Appendix A
Table 1 Simulation assumption for system level simulation 
	Attributes
	Values of assumptions

	Scenarios (Carrier Frequency)
	· Urban macro: 4 GHz, 30GHz;
· Dense Urban:
· For 4 GHz: Evaluate macro layer
· For 30 GHz: Evaluate micro layer 
Note: other antenna configurations should be considered as well.

	Mode
	DL SU-MIMO 

	Simulation bandwidth
	4GHz: 20MHz (DL)
30GHz: 80MHz.(DL)  

	Channel Model
	Following related assumption in TR 38.802

	TXRU mapping to antenna elements
	2D DFT based beam per polarization as a baseline;
· 4GHz: 1D DFT per vertical dimension per polarization as baseline;


	TXRU mapping weights
	All TXRUs in the gNB are used for the selected UE.

	Criteria for selection for serving TRP
	Maximum RSRP.

	Criteria for beam selection for serving TRP
	According to the AoD and EoD

	Constraints for the range of selective beams per TRP sector
	No constraints 

	BS antenna configurations
	For 4GHz: (M,N,P, Mg,Ng) = (8,8,2,1,1) as baseline. (dV,dH) = (0.8, 0.5)λ. 
For 30GHz: (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 element radiation pattern
	For 4GHz: According to TR36.873 
For 30 GHz: According to TR38.802

	UE antenna configurations
	For 4GHz: Mg = 1, Ng = 1, P =2, (dV,dH) = (0.5, 0.5)λ, MxNxP<=8 (companies report M,N)
For 30GHz: (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 deg; Ω0,1=Ω0,0+180 (deg);

	UE antenna element radiation pattern
	For 4GHz: Omni-directional with 5dBi gain
For 30GHz: See Table A.2.1-8 in TR 38.802

	Inter-panel calibration
	Ideal, non-idea following 38.802 (optional)

	UE receiver type
	MRC receiver 

	BF scheme
	Analog beamforming

	UE mobility feature
	Follow Phase 3 calibration i.e. Add-on features including UE mobility, rotation, blockage, etc. can be considered.
Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained

	MCS
	Use LTE MCS

	Metric
	Spectral efficiency (evaluated under full buffer) 
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