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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the consideration on self evaluation for mobility is presented.
Mobility requirement, evaluation method, and configuration
Requirement
In Report ITU-R M.2410 (see [1]), the requirement of mobility is defined as in Table 1. 
TABLE 1
Traffic channel link data rates normalized by bandwidth
	Test environment
	Normalized traffic channel link data rate (bit/s/Hz)
	Mobility
(km/h)

	Indoor Hotspot – eMBB
	1.5
	10

	Dense Urban – eMBB
	1.12
	30

	Rural – eMBB
	0.8
	120

	
	0.45
	500



Evaluation method
According to Report ITU-R M.2412 (see [2]), system level simulation and link level simulation are used to evaluate mobility. For system level simulation part, the simulation should be performed using the same evaluation parameters and configuration selected for the evaluation of average spectral efficiency and 5th percentile user spectral efficiency.
System level simulation should provide the 50%-tile UL SINR to link level simulation. Link level simulation will be conducted under different SINR and the given mobility class to derive the link data rate normalized by bandwidth.
A detailed evaluation method description from Report ITU-R M.2412 is provided in Annex 1.
It is observed that the UL SINR is an interface of system level simulation and link level simulation. In this contribution, how to calculate UL SINR in system level simulation is presented in Section 3.
Evaluation configuration
The evaluation configuration of mobility includes system level part and link level part. 
For system level part, the evaluation configurations of Indoor Hotspot – eMBB, Dense Urban – eMBB and Rural – eMBB test environments are used. The evaluation configuration can be found in Section 8.4 in Report ITU-R M.2412.
For link level part, the evaluation configuration is found in Section 8.4 in Report ITU-R M.2412. The link level simulation parameters are defined in Table 8-3 in Report ITU-R M.2412. And the channel model parameters for link level simulation part can be found in Table 8-5 in Report ITU-R M.2412. Both tables are copied in Annex 2 for reference.
Consideration on pre-processing SINR
[bookmark: _Ref129681832]Based on the evaluation method defined in Report ITU-R M.2412, the system level simulation will provide 50th-percentile SINR value in Step 2, and this value will be used in link level simulation to derive the uplink spectral efficiency value (link data rate normalized by channel bandwidth) and the residual decoded packet error ratio. Therefore the SINR is an important parameter for this system-to-link interface.
Definition of pre-processing SINR
In Rel-15 development, massive MIMO and/or hybrid beamforming is to be used. In this case, digital beamforming and analog beamforming will contribute to and impact the SINR. It is understood that the multi-antenna operations under high speed values including channel estimation, receive processing, etc. need to be performed in link level simulation to precisely capture the link performance under high mobility cases. So the pre-processing SINR (the SINR of a single Rx antenna with respect to a Tx antenna) will be used in link level simulation. However, if we involve analog beamforming and digital beamforming all together into the link level simulation, the complexity would be very high. Considering that under a given analog beam, multi-antenna operation is mostly related to the processing on antenna ports, it is therefore considered to define pre-processing SINR on a Rx antenna port with respect to a Tx antenna port.
Derivation of pre-processing SINR
By assuming there are U Rx antenna ports, and for the virtualization of Tx antenna port p, the signal model is expressed as

										(1)
where hp is the U×1 channel vector from Tx antenna port p to the U Rx antenna ports, sp is the transmitted signal on port p, and n is the U×1 vector that represent the interference plus noise observed on the U Rx antenna ports. It should be noted that the virtualization of transmit port p and the U receive ports (Tx and Rx analog beamforming) is considered via the following


where GRx =diag(g1, .., gU) is the NRU×U Rx analog beamforming matrix with gi being the NR×1 analog beamforming vector for the ith Rx antenna port (NR is the number of antenna elements that virtualize one Rx antenna port, and diag(a,b) is the diagonal block matrix with diagonal sub-matrix being a and b), wp is the NT×1 Tx analog beamforming vector for the virtualizaton of port p, and H is the NRU×NT channel matrix (NT is the number of antenna elements that virtualize the Tx antenna port p).
According to (1), the received signal power on the ith Rx antenna port for Tx port p can be expressed as


where (TXpower/S) is the average transmit power on port p, S is the number of Tx antenna ports, and TXpower is the total transmit power over the S ports on a specific resource element (RE). 

In link level simulation, the applied SNR is for total transmitting power for all Tx ports. So the received signal power on the ith Rx antenna port for all Tx ports are a superposition of , and therefore


On the other hand, the observed interference plus noise power on the ith Rx antenna port (irrelevant to Tx port p) is given by


where Rn=E(nnH) is the covariance matrix of interference and noise on the same RE, and (Rn)i,i is the ith diagonal element of Rn.
The average received signal power over the U Rx antenna ports is



In long term,  would approximate to	

				(2)
where RSRPp is calculated similar to equation (8.1-1) in TR36.873, and for NLOS path for n=1, …, N,

		
and for LOS path 

		
with

		

	




On the other hand, the average interference plus noise power over the U Rx antenna ports is

									(3)
The pre-processing SINR can be expressed as

									(4)


where  is given by (2), and  is given by (3).
In system level simulation, the pre-processing SINR can be calculated via (4), and the CDF can be derived from the SINR of different users. The 50%-tile SINR will be provided to link level simulation. 
Antenna gain consideration in link level simulation
It is noted that the antenna element gain Ftx and Frx, as well as the Tx and Rx analog beamforming gain is taken into account in the pre-processing SINR calculation in system level. Therefore, these gain shall not be accounted again in link level simulation.
In this case, the link level simulation will assume an S×U MIMO system (with S Tx antenna ports and U Rx antenna ports), and 0dB gain can be assumed for Tx and Rx antenna ports to avoid duplicate gain in the evaluation.
Observation 1: Pre-processing SINR is considered to be used and is derived from system level simulation. Equation (4) is considered to be used for pre-processing SINR calculation.
Initial evaluation results for SINR distribution
In Figure 1, the pre-processing SINR CDF for Rural-eMBB test environment for carrier frequency of 700MHz is provided. It is observed that the 50%-tile SINR is 10dB under both channel model A and B.
[image: ] 
Figure 1 UL SINR for Rural eMBB 700MHz
Observation 2: For Rural-eMBB test environment, 50%-tile UL SINR is around 10dB for 700 MHz.
Summary
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this document, the consideration on mobility evaluation is provided. The following observations are made.
Observation 1: Pre-processing SINR is considered to be used and is derived from system level simulation. Equation (4) is considered to be used for pre-processing SINR calculation.
Observation 2: For Rural-eMBB test environment, 50%-tile UL SINR is around 10dB for 700 MHz.
Reference
[1] Report ITU-R M.2410, “Minimum requirements related to technical performance for IMT-2020 radio interface(s)”, Nov. 2017.
[2] Report ITU-R M.2412, “Guidelines for evaluation of radio interface technologies for IMT-2020”, Nov. 2017.





Annex 1 	Evaluation method for mobility
As defined in Report ITU-R M.2412, the evaluation method of mobility is as follows.
Step 1: 	Run uplink system-level simulations, identical to those for average spectral efficiency, and 5th percentile user spectral efficiency except for speeds taken from Table 4 of Report ITU-R M.2410, using link-level simulations and a link-to-system interface appropriate for these speed values, for the set of selected test environment(s) associated with the candidate RITs/SRITs and collect overall statistics for uplink SINR values, and construct CDF over these values for each test environment.
Step 2:	Use the CDF for the test environment(s) to save the respective 50th-percentile SINR value.
Step 3: 	Run new uplink link-level simulations for the selected test environment(s) for either NLOS or LOS channel conditions using the associated speeds in Table 4 of Report ITU‑R M.2410, as input parameters, to obtain link data rate and residual packet error ratio as a function of SINR. The link-level simulation shall use air interface configuration(s) supported by the proposal and take into account retransmission, channel estimation and phase noise impact.
Step 4: 	Compare the uplink spectral efficiency values (link data rate normalized by channel bandwidth) obtained from Step 3 using the associated SINR value obtained from Step 2 for selected test environments, with the corresponding threshold values in the Table 4 of Report ITU-R M.2410.
Step 5: 	The proposal fulfils the mobility requirement if the spectral efficiency value is larger than or equal to the corresponding threshold value and if also the residual decoded packet error ratio is less than 1%, for all selected test environments. For the selected test environment it is sufficient if one of the spectral efficiency values (using either NLOS or LOS channel conditions) fulfils the threshold.
Annex 2 	Link level simulation parameters for mobility evaluation
The link level simulation parameters are defined in Table 8-3
Table 8-3
Additional parameters for link-level simulation 
(for mobility requirements)
	Parameters
	Indoor hotspot-eMBB
	Dense Urban-eMBB
	Rural-eMBB

	Evaluated service profiles
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort

	Simulation bandwidth
	10 MHz
	10 MHz
	10 MHz

	Number of users in simulation
	1
	1
	1


	
The channel model parameters for link level simulation part can be found in Table 8-5.
Table 8-5
Additional channel model parameters for link-level simulation 
	Parameters
	Indoor Hotspot-eMBB
	Dense Urban-eMBB
	Rural-eMBB

	Link-level Channel model
	NLOS: CDL/TDL-i
LOS: CDL/TDL-iv
	NLOS: CDL/TDL-iii
LOS: CDL/TDL-v
	NLOS: CDL/TDL-iii
LOS: CDL/TDL-v

	Delay spread scaling parameter[image: ] (s)
	Log10([image: ]) =lgDS in 
Table A4-7 (InH) in Annex 1
	Log10([image: ]) =lgDS in 
Table A4-9 (UMa) in Annex 1
	Log10([image: ]) =lgDS in 
Table A4-13 (RMa) in Annex 1

	AoA, AoD, ZoA angular spreads scaling parameter [image: ] 
(degree)
	Log10([image: ]) =lgASA /lgASD /lgZSA in Table A4-7 (InH) in Annex 1
	Log10([image: ]) =lgASA /lgASD /lgZSA in Table A4-9 (UMa) in Annex 1
	Log10([image: ]) =lgASA /lgASD /lgZSA in Table A4‑13 (RMa) in Annex 1

	ZoD angular spreads scaling parameter [image: ] 
(degree)
	Log10([image: ]) =lgZSD in Table A4‑8 (InH) in Annex 1
	Log10([image: ]) =lgZSD in Table A4‑10 (UMa) in Annex 1
	Log10([image: ]) =lgZSD in Table A4‑14 (RMa) in Annex 1


NOTE 1: The use of TDL or CDL is up to the proponent/evaluator. 
NOTE 2: Delay spreads and angular spreads (for AoA, AoD, ZoA, and ZoD) in link-level channel model are scaled to the median values for the environment and channel type (LOS/NLOS) evaluated, and system-level channel model variant (model A or model B) selected. 
Annex 3 	Simulation assumption for mobility
Table A1. Simulation assumptions
	Rural - eMBB
	Config. A

	Carrier frequency for evaluation
	700 MHz

	BS antenna height
	35 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss (applies to Channel model B)

	Inter-site distance
	1732 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)

	Number of UE antenna elements
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°,90° polarization

	Number of TXRU per UE
	2TXRU (1-to-1 mapping)

	Device deployment
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	Indoor users: 3 km/h;
Outdoor users (in-car): 120 km/h;

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	BS antenna element pattern
	Follow Report ITU-R M.2412

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer

	Simulation bandwidth
	10 MHz

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	100° in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873

	Power control parameters
	= 1.0,  P0 = -86 dBm
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