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1. Introduction
At RAN1#93 meeting, we submitted a preliminary SLS evaluation result for mobility in eMBB scenario. 
In this contribution, we update the antenna configurations and provide the corresponding evaluation results of UL SINR. The evaluation assumptions are aligned with the section 2 of offline discussion summary in RAN1#92 (see [1])
2. Evaluation methodology
In Report ITU-R M.2412 (see [2]), the evaluation method of mobility is defined as following.
	The evaluator shall perform the following steps in order to evaluate the mobility requirement.
· 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.



It can be found that both system level simulation (SLS) and link level simulation (LLS) are used to evaluate mobility, wherein, SLS is used to output 50th-percentile uplink SINR value, which is further used in LLS to evaluate the mobility in eMBB scenarios, e.g., Indoor Hotspot-eMBB, Dense Urban-eMBB, and Rural-eMBB.
The general evaluation assumptions are provided in Appendix 1. Figure 1 shows the antenna configuration used in SLS and LLS.


Figure 1. Antenna configuration seen by SLS and LLS.
For example, 32 TXRUs are configured in Indoor Hotspot-eMBB Config A. However, only 8 TXRUs are modeled in LLS to reduce evaluation complexity of LLS, while 4 TXRUs (1-to-1 mapping with 4 antenna elements) are modeled in SLS to derive the combined SINR for each TXRU in LLS.
Similary, 64 TXRUs are configured in scenario Dense Urban-eMBB Config A and Rural-eMBB Config B. However, only 8 TXRUs are modeled in LLS to reduce evaluation complexity of LLS , while 8 TXRUs (1-to-3 mapping with 24 antenna elements) are modeled in SLS to derive the combined SINR for each TXRU in LLS. In Rural-eMBB Config A, 2 TXRUs are modeled in LLS, while only one TXRU (1-to-8 mapping with 8 antenna elements ) is modeled in SLS to derive the combined SINR for each TXRU in LLS.
[bookmark: _Hlk521261491]In SLS, the antenna elements connected to the same TXRU have fixed weights which are based on the electronic tilts in each scenario, e.g., 90° in LCS for InH Config A, 105° in LCS for Dense Urban Config A, and 100° in LCS for Rural Config A/B. However, digital precoding or flexible weights can be applied to multiple TXRUs in SLS to reflect the performance gain brought by multiple TXRUs.
2D DFT precoder is used to calculate the weights applied to the multiple TXRUs in SLS. The following combined SINR formula is used for UL system comprising of S Tx antenna ports (TXRUs) and U Rx antenna ports (TXRUs), 
						(1)
where  is the average received signal power as given by (2), and  is the average interference plus noise power as given by (3).
The average received signal power  is expressed as
		 (2)

where N is the number of paths and M is the number of sub-paths within one path; for NLOS path for n=1, …, N, and m=1, …, M. To calculate combined UL SINR, TXpower denotes the total UE transmit power (over the U antenna ports) per RE,


with the notations , , , , , , , , ,  being according to equation (7.3-22) in TR36.873, and  is the Ricean K-factor; 
and for LOS path

with the notations , , , , and  being according to equation (7.3-27) in TR36.873;
and  and  are the field patterns of multiple weighted Tx antenna ports {p| p =1,2,…,S } in the direction of the spherical basis vectors,  and  respectively,  and  are the field patterns of Rx antenna port u in the direction of the spherical basis vectors,  and  respectively; they are given by




where NT is the number of antenna elements that virtualizes the Tx antenna port p (p =1,2,…,S), NR is the number of antenna elements that virtualizes the Rx antenna port u;




 (k=1, …, NT) represents a complex weight vector used for virtualization of Tx antenna port p (p =1,2,…,S),  (p=1, …, S) represents a complex weight vector used for virtualization of Tx antenna port group {p| p =1,2,…,S }, gl (l=1, …, NR) represents a complex weight vector used for virtualization of Rx antenna port u, Ftx,1,θ and Ftx,1,ϕ are the first transmit antenna element’s field patterns in the direction of the spherical basis vectors,  and  respectively, Frx,l,θ and Frx,l,ϕ are the lth receive antenna element’s field patterns in the direction of the spherical basis vectors,  and  respectively.


Figure 2. Distribution of complex weight vector used for virtualization of Tx antenna port group.
As shown in Figure 2, according to chapter 5.4.4.1.3 in TR37.840, the complex weight vector  used for virtualization of Tx antenna port p are given by

where, m=1,2,…, NH, n=1,2,…, NV, and NT = NH×NV.
and the complex weight vector  used for virtualization of Tx antenna port group {p| p =1,2,…,S } are given by

where, m=1,2,…, MH, n=1,2,…, MV, and S = MH×MV.
The detailed weight parameters are given in Table 1.
Table 1. Detailed weight parameters for UL SINR
	Test environment
	Indoor Hotspot – eMBB
	Dense urban - eMBB
	Rural - eMBB
	Rural - eMBB

	Evaluation configuration
	Config. A
	Config. A
	Config. A
	Config. B

	Configuration for each Tx antenna port
	NV =1, NH =1,
=90° (LCS), =0° (LCS)
	NV =3, NH =1,
=105° (LCS), =0° (LCS)
	NV =8, NH =1,
=100° (LCS), =0° (LCS)
	NV =3, NH =1,
=100° (LCS), =0° (LCS)

	[bookmark: _GoBack]Configuration for Tx antenna port group
	MV =4, MH =1,
=[-45°, -30°, -15°, 0°,15°, 30°, 45°] (LCS),
=[-45°, -30°, -15°, 0°,15°, 30°, 45°] (LCS)
	MV =4, MH =2,
=[-10°,-5°, 0°,5°, 10°, 15°,20°,25°, 30°,35°, 40°,45°,50°] (LCS),
=[-56.25°, -33.75°, -11.25°, 11.25°, 33.75°, 56.25°] (LCS)
	MV =1, MH =1,
=0° (LCS),
=0° (LCS)
	MV =4, MH =2,
=[-10°,-5°, 0°,5°, 10°, 15°,20°,25°, 30°,35°, 40°,45°,50°] (LCS),
=[-56.25°, -33.75°, -11.25°, 11.25°, 33.75°, 56.25°] (LCS)



The average interference plus noise power  is over U Rx antenna ports:
						(3)
where RI+N = Q+N is the U×U covariance matrix of interference and noise on the same RE as TXpower is computed, Q and N are the covariance matrix of the interference and the noise, respectively, and are modeled according to section A.2.1.8 in TR36.814, and tr(RI+N) represents the trace of RI+N.
The additional SLS evaluation assumptions are provided in Table 2.
Table 2. Additional SLS evaluation configuration for UL SINR
	UL power control method
	Only open loop UL power control is used, i.e.,

where,  is selected from , , 

	UE density
	10 UEs per TRxP 

	UL SINR calculating method
	Short-term combined UL SINR is provided, wherein, 
· “combined SINR” means that the SINR is calculated based on digital precoding over multiple Tx ports, where calculation formula for the combined UL SINR is shown in equation (1).
· “short-term” means that per-slot calculated combined UL SINR values are collected to draw the CDF curve.

	UL Scheduling method
	Random scheduling is used, while the following rules are applied
(1) all PRB resources are allocated
(2) the PRB resources allocated to each UE are continuous
(3) the transmission power per PRB is decided by open loop UL power control, while the maximum allocated PRB resource number is limited to ensure that the total transmission power over the allocated PRB resources does not exceed the maximum UE power (e.g., 23 dBm)
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Figure 3. UL SINR distribution for InH-eMBB Config A with Channel ModelA.
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[bookmark: _Ref505947168]Figure 4. UL SINR distribution for DenseUrban-eMBB Config A with Channel ModelA.
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Figure 5. UL SINR distribution for Rural-eMBB Config A with Channel ModelA.
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Figure 6. UL SINR distribution for Rural-eMBB Config B with Channel ModelA.

For InH-eMBB, DenseUrban-eMBB and Rural-eMBB eMBB test environments, the UL SINR CDF curves are given in Figure 3~6, and three typical UL power control parameters, e.g., , , , are used and compared. From the simulation results, it can be seen that UL power control parameters have significant impact on UL SINR CDF, and companies need to report the UL power control parameters along with their simulation results. It also can be seen that  provides balanced cell edge and cell average performance in InH-eMBB scenario, and  provides balanced cell edge and cell average performance in DenseUrban-eMBB and Rural-eMBB scenarios.
Observation 1:  UL power control parameter has significant impact on UL SINR distribution for eMBB scenarios, and companies need to report their UL power control parameters along with their simulation results. 

Table 3 summarized the 50%-tile UL SINR values in eMBB scenarios with best UL power control parameter. 
Table 3. 50% percentile UL SINR (dB) values in eMBB scenarios
	Test environment
	Config
	Channel Model
	Power control parameters
	50%-tile  UL SINR

	InH-eMBB
	Config A
	Model A
	
	7.69 dB

	DenseUrban-eMBB
	Config A
	Model A
	
	16.14 dB

	Rural-eMBB 
	Config A
	Model A
	
	10.69 dB

	
	Config B
	Model A
	
	16.34 dB



Observation 2: For InH-eMBB test environment, 50%-tile UL SINR is around 7.69 dB for Config A (4GHz).
Observation 3: For DenseUrban-eMBB test environment, 50%-tile UL SINR is around 16.14 dB for Config A (4GHz).
Observation 4: For Rural-eMBB test environment, 50%-tile UL SINR is around 10.69 dB and 16.34 dB for Config A(700 MHz) and Config B (4GHz), respectively.
3. Conclusions
In this contribution, we provide our initial evaluation results for mobility evaluation in eMBB scenarios. We have the following observations.
Observation 1:  UL power control parameter has significant impact on UL SINR distribution for eMBB scenarios, and companies need to report their chosen UL power control parameters along with their simulation results.
Observation 2: For InH-eMBB test environment, 50%-tile UL SINR is around 7.69 dB for Config A (4GHz).
Observation 3: For DenseUrban-eMBB test environment, 50%-tile UL SINR is around 16.14 dB for Config A (4GHz).
Observation 4: For Rural-eMBB test environment, 50%-tile UL SINR is around 10.69 dB and 16.34 dB for Config A(700 MHz) and Config B (4GHz), respectively.
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Appendix 1 	Simulation assumption for mobility 
The simulation assumption for mobility evaluation is listed in Table A1-1.
Table A1-1. Simulation assumptions for mobility
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB
	Dense urban - eMBB
	Rural - eMBB
	Rural - eMBB

	Evaluation configuration
	Configuration A
	Configuration A
	Configuration A
	Configuration B

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	700 MHz
	4GHz

	BS antenna height
	3m
	25 m
	35 m
	35 m

	Total transmit power per TRxP
	21 dBm for 10 MHz bandwidth
	41 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm
	23 dBm

	Inter-site distance
	20 m
	200 m
	1732 m
	1732 m

	Number of antenna elements per TRxP
	32Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ
	192 Tx/Rx, (M,N,P,Mg,Ng) = (12,8,2,1,1), (dH,dV) = (0.5, 0.8)λ
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ
	192 Tx/Rx, (M,N,P,Mg,Ng) = (12,8,2,1,1), (dH,dV) = (0.5, 0.8)λ

	
	+45°, -45° polarization
	+45°, -45° polarization
	+45°, -45° polarization
	+45°, -45° polarization

	Number of TXRU per TRxP
	32TXRU, (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
	64TXRU, (Mp,Np,P,Mg,Ng) = (4,8,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
	64TXRU, (Mp,Np,P,Mg,Ng) = (4,8,2,1,1)

	Number of UE antenna elements
	2Tx, (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (N/A, N/A)λ
	2Tx, (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (N/A, N/A)λ
	2Tx, (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (N/A, N/A)λ
	2Tx, (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (N/A, N/A)λ

	
	0°,90° polarization 
	0°,90° polarization 
	0°,90° polarization 
	0°,90° polarization 

	Number of TXRU per UE
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
	2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	
	(1-to-1 mapping)
	(1-to-1 mapping)
	(1-to-1 mapping)
	(1-to-1 mapping)

	Device deployment
	100% indoor
	80% indoor, 20% outdoor (in car)
	50% indoor, 50% outdoor (in car)
	50% indoor, 50% outdoor (in car)

	
	Randomly and uniformly distributed over the area
	Randomly and uniformly distributed over the area under Macro layer
	Randomly and uniformly distributed over the area
	Randomly and uniformly distributed over the area

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

	UE speeds of interest
	10 km/h
	Indoor users: 3 km/h 
Outdoor users (in-car): 30 km/h
	Indoor users: 3 km/h 
Outdoor users (in-car): 120 km/h;500km/h
	Indoor users: 3 km/h 
Outdoor users (in-car): 120 km/h;500km/h

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB
	5 dB

	UE noise figure
	7 dB
	7 dB
	7 dB
	7 dB

	BS antenna element gain
	5 dBi
	8 dBi
	8 dBi
	8 dBi

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

	UE antenna element gain
	0 dBi
	0 dBi
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	Outdoor UEs: 1.5 m;
Indoor UTs: 3(nfl – 1) + 1.5;nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)
	1.5 m
	1.5 m

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

	
	Alt. 2: Channel model B
	Alt. 2: Channel model B
	Alt. 2: Channel model B
	Alt. 2: Channel model B

	TRxP number per site
	1
	3
	3
	3

	Mechanic tilt
	180° in GCS (pointing to the ground)
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	90° in LCS
	105° in LCS
	100° in LCS
	100° in LCS

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

	TRxP boresight
	-
	30 / 150 / 270 degrees
	30 / 150 / 270 degrees
	30 / 150 / 270 degrees

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

	Wrapping around method
	No wrapping around
	Geographical distance based wrapping
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=0m
	d2D_min=10m
	d2D_min=10m
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873
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