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Beam management is a potential technology for NR MIMO enhancement. And the following aspects are identified as related to beam management study.
· Beam reporting (including CSI-RS design, beam reporting information design, etc.)
· Beam correspondence
· Beam recovery from beam failure (including control channel and data channel design on this aspect)
· UL beam management
· Etc.
In RAN1 NR AdHoc meeting in Jan 2017 in Spokane, beam management mechanisms are further discussed, and additional agreements are made to better support NR, e.g., [1] 
	Agreements:
· (Beam recovery)
· NR supports that UE can trigger mechanism to recover from beam failure 
· NR-PDCCH transmission supports robustness against beam pair link blocking
· (Beam reporting) Beam reporting information at least include 
· Measurement quantities for N beam (s)
· Information indicating N DL Tx beam(s), if N < K
· (Beam correspondence)
· Support capability indication of UE beam correspondence related information to TRP
· (UL beam management)
· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration


It is observed that many mechanisms are considered in beam management study, and different solutions may be proposed on this aspect. To study and evaluate the potential benefit that might be brought by those mechanisms, evaluation method and parameter need to be developed to enable the evaluation of different beam management mechanisms. This contribution provides the view on evaluation assumptions for NR beam management study. 
Discussion
It is observed that several aspects including beam reporting, beam correspondence design, beam recovery design, and UL beam management design are considered in beam management study. To evaluate the performance and potential gains of these mechanisms, link level simulation and system level simulation can be employed. 
· Link level simulation could be conducted to evaluate the link performance, e.g., 
· For beam reporting, the CSI-RS pattern and CSI-RS density design can be investigated with link level simulation. 
· In this case, the following evaluation metrics could be used
· BLER vs SINR curve, and RSRP measurement margin 
· RSRP measurement margin is given by |RSRPideal – RSRPmea|, where RSRPideal indicates the RSRP measurement under ideal channel estimation, while RSRPmea indicates the RSRP measurement under real channel estimation according to CSI-RS. 
· “RSRP measurement margin” provides a measure of RSRP measurement error introduced by different CSI-RS pattern and density design.
· System level simulation could be conducted to evaluate the data transmission performance in multi-user multi-cell case.
· In this case, the following evaluation metrics could be used
· Spectral efficiency 
· Outage (as defined in Phase 2 calibration)
· 5%-, 50% UPT 
Furthermore, evaluation parameters need to be defined, which is further discussed as below. 
Consideration on SLS parameter
For system level evaluation, the following parameters are considered, which are based on the parameters employed in TR38.802 [2] and the simulation parameters employed in MIMO calibration. The red fonts are highlighted proposals which are different from that of [3].
Table 1 SLS parameter for NR beam management evaluation
	Attributes
	Values

	Scenarios (Carrier Frequency) 
	Indoor hotspot (carrier frequency 4GHz, 30GHz), Urban macro (carrier frequency 4GHz, 30GHz), Dense Urban (For 30GHz, evaluate micro layer only; for 4GHz, evaluate macro layer) 
· Macro layer: macro-only 10 users per TRP, all UEs are connected to macro layer. Users randomly and uniformly dropped throughout the macro geographical area 
· Micro layer: micro-only 3 micro BSs per macro BS and 10 users per TRP 

	Mode 
	SU-MIMO / MU-MIMO 

	System bandwidth
	4GHz: 20MHz (DL+UL)
30GHz: 80MHz (DL+UL)

	Sub-carrier spacing
	4GHz: 15kHz
30GHz: 60kHz

	Channel Model 
	Following related assumption in TR 38.802 

	TXRU mapping to antenna elements 
	Companies explain the details of TXRU mapping to antenna elements
 (30GHz: 2D DFT based beam per polarization as a baseline
4GHz: 1D DFT per vertical dimension per polarization as baseline) 

	TXRU mapping weights 
	Companies explain the details of TXRU mapping weights. 

	Criteria for selection for serving TRP 
	Companies explain the details of criteria for selection for serving TRP. 

	Criteria for beam selection for serving TRP 
	Companies explain the details of criteria for beam selection for serving TRP. 

	Constraints for the range of selective beams per TRP sector 
	Companies report the details

	Scheduling algorithm 
	PF scheduler 

	Traffic Model 
	FTP model 1/3 for UPT evaluation, with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models including full buffer are not precluded.

	BS antenna configurations 
	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
4GHz: (M,N,P, Mg,Ng) = (8,8,2,1,1) as baseline. (dV,dH) = (0.8, 0.5)λ. 
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern 
	According to TR36.873 and TR38.802 

	UE antenna configurations 
	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);
4GHz: Up to 8Tx/Rx
Note: important to consider also other antenna configurations to maintain flexibility

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

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

	Beam correspondence calibration 
	Companies report details 

	Control and RS overhead 
	Reported by companies 

	UE receiver type 
	MMSE-IRC as baseline; other advanced receiver is not precluded. 

	BF scheme 
	Companies report  details 

	Transmission scheme 
	Multi-antenna port transmission schemes 
Note: Companies report details. 

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

	Metric 
	· Spectral efficiency (evaluated under full buffer) 
· Outage 
· 5%-, 50% UPT (evaluated under FTP model)



Consideration on LLS parameter
For link level evaluation, the following parameters are considered, which are based on the parameters employed in TR38.802 and the simulation parameters employed in MIMO calibration. The red fonts are highlighted proposals which are different from that of [3].
It is noted that the link level channel model parameter proposal for delay spread and angular spread are according to the delay spread and corresponding angular spread in system level channel model as defined in Report ITU-R M.2135, 3GPP TR36.873, and TR38.900 [4~6] in Indoor Hotspot, Urban macro and Urban micro.
Table 2 LLS parameter for NR beam management evaluation
	Attributes
	Values

	Carrier Frequency 
	30 GHz, 4GHz 

	Subcarrier Spacing 
	30GHz: 60kHz
4GHz: 15kHz 

	Data allocation 
	8 RBs 
· Note: Error free PDCCH decoding is assumed. 
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel 

	Channel Model 
	CDL-A /B/C model 
· delay spread =100ns 
· UE speed=3km/h.  
· The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-12.5, 12.5] degrees in azimuth domain and [103, 108] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-30, 30] degrees in azimuth domain and [80, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly. 

	TXRU mapping to antenna elements 
	Companies explain details of the using TXRU mapping to antenna elements.
(30GHz:2D DFT based beam per polarization as a baseline
4GHz: 1D DFT per vertical dimension per polarization as baseline) 

	TXRU mapping weights 
	Companies explain details of the using TXRU mapping weights. 

	Procedure of beam sweeping 
	Companies explain details of procedure of beam sweeping. 

	Criteria for beam selection 
	Companies explain details of criteria for beam selection. 

	UE reporting 
	Companies explain details of criteria for UE reporting. 

	BS antenna configurations 
	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
4GHz: (M,N,P, Mg,Ng) = (8,8,2,1,1) as baseline. (dV,dH) = (0.8, 0.5)λ. 
Note: important to consider also other antenna configurations to maintain flexibility

	BS antenna element radiation pattern 
	According to TR36.873 (for below 6GHz) and TR38.802 (for above 6 GHz)

	UE antenna configurations 
	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; Ω0,1=Ω0,0+180;
4GHz: Up to 8Tx/Rx
Note: important to consider also other antenna configurations to maintain flexibility

	BS array orientation 
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE array orientation 
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree 

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

	Transmission scheme 
	Multi-antenna port transmission schemes 
Note: Companies explain details of the using transmission scheme.

	MIMO mode 
	SU-MIMO / MU-MIMO 

	UE receiver type 
	MMSE-IRC as baseline; other advanced receiver is not precluded. 

	Metrics 
	· BLER vs SINR curve 
· RSRP measurement margin
· RSRP measurement margin is given by |RSRPideal – RSRPmea|, where RSRPideal indicates the RSRP measurement under ideal channel estimation, while RSRPmea indicates the RSRP measurement under real channel estimation according to CSI-RS


Conclusion
[bookmark: _Ref129681832]In the contribution the evaluation assumption including evaluation method, evaluation metrics, and evaluation parameters for NR beam management study are discussed. Based on the discussion, the following proposal is made.
Proposal: Adopt Table 1 and Table 2 for SLS and LLS evaluation for NR beam management study. Other SLS parameters are according to TR38.802.
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