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1	Introduction
In this contribution, we discuss the evaluation of the mobility performance indicator for the self-evaluation of NR for IMT-2020 and provide preliminary performance results.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Discussion of Evaluation Methods
For the IMT-2020 self-evaluation of NR, the mobility performance indicator will be evaluated for the Indoor Hotspot – eMBB, Dense Urban – eMBB, and Rural – eMBB test environments [1].  The evaluation methodology described by ITU-R in [2] provides a 5 step process for evaluating the mobility in these three environments.  A simplified version of these steps follows :
1. Run uplink system simulations using the same configurations used for average and 5th percentile spectral efficiency simulations, but using the appropriate speeds specified for mobility evaluation.  From these simulations, obtain the CDF of the uplink SINR.
2. Extract the 50th percentile SINR values from the SINR CDF’s.
3. Run link simulations to obtain the link data rate and residual packet error rates as a function of SINR, covering the 50th percentile values extracted in step 2.
4. Calculate the uplink spectral efficiencies at the 50th percentile SINR values and compare with the requirements in [1].
5. The requirements are met if the calculated uplink spectral efficiency is greater than the requirement and the residual packet error rate is less than 1%.
The evaluation methodology does not specify the exact SINR to use in the connection between the system and link level simulations.  In [3], the preprocessing SINR was derived and considered to be used for this connection.  This contribution also included a CDF for the Rural – eMBB environment at 700 MHz and 120 km/h outdoor users.  In [4], link level results were presented to indicate the required SINR’s for Rural – eMBB at 700 MHz and 4GHz for speeds of 120 km/h and 500 km/h, but without the corresponding system-level SINR CDF’s.
The use of the pre-processing SINR as proposed in [3] raises concerns, particularly about its applicability to UL MU-MIMO.  Since the link-level simulation simulates a single user [2], while the pre-processing SINR captures interference from other paired users, it does not take into account the effects of receiver processing of that interference.  In addition, the interference seen on DM-RS symbols is different than the interference on data symbols, but the preprocessing SINR treats the interference the same in the link simulation context.  Furthermore, use of the pre-processing SINR requires the link simulation to perform link adaptation to set the rank and precoding for the UE being simulated.
Observation 1:  Using the pre-processing SINR with MU-MIMO transmission does not properly account for interference experienced with MU-MIMO.
If the post-processing SINR is used in the system level CDF’s, the effect of processed MU-MIMO cross-talk is already included in the SINR.  The UE simulated at link level will then use rank 1, assuming the post-processing SINR has been collected per data layer.  In addition, the link simulation will be SISO since the effects of the antenna arrays have been taken into account during the system level simulation.  The resulting throughput is then scaled by the average number of transmission layers.
For both SINR’s, the effect of the channel model, HARQ, and noise is included in the link simulation.
Proposal 1:  Use the post-procesing SINR distribution as the interface between the system and link simulations for evaluating the mobility performance.
3	Preliminary Results
Using the above methodology, we performed system simulations for the three eMBB test environments using the configurations defined in [2] and the simulation parameters shown in Table 2.  The indoor simulations were performed using a UE speed of 3 km/h which is less than the required speed of 10 km/h.  These simulations will be updated to a UE speed of 10 km/h.  The dense urban simulations were performed at the required UE speed of 30 km/h (for outdoor users) and the rural simulations were performed using only 120 km/h (for outdoor users).  Rural simulation results at 500 km/h are not yet available.  The post-processing SINR distributions are shown in Figure 1 through Figure 3 for the three environments.  Step 2 above indicates that the 50th percentile SINR is required as input to the link simulations.  The extracted 50th percentile SINR values are tabulated in Table 1.
Observation 2:  The Indoor Hotspot – eMBB, Dense Urban – eMBB, and Rural – eMBB test environments have post-processing SINR 50th percentile values of 3.36 dB (3 km/h), 2.43 db (30 km/h), and 5.25 dB (120 km/h), respectively.
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[bookmark: _Ref510625846]Figure 1.  Indoor Hotspot – eMBB post-processing SINR distribution at 3 km/h (4 GHz carrier frequency).
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Figure 2.  Dense Urban – eMBB post-processing SINR distribution at 30 km/h (4 GHz carrier frequency).
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[bookmark: _Ref510625854]Figure 3.  Rural – eMBB post-processing SINR distruction at 120 km/h (4 GHz carrier frequency).
[bookmark: _Ref510626030]Table 1.  Extracted 50th Percentile SINR Values
	Environment
	UE Speed
	50th Percentile SINR

	Indoor Hotspot – eMBB
	3 km/h
	3.36 dB

	Dense Urban – eMBB
	30 km/h
	2.43 dB

	Rural – eMBB
	120 km/h
	5.25 dB



4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed the evaluation methods to use for evaluating the mobility performance indicator for the IMT-2020 self-evaluation of NR and provided preliminary simulation results using the proposed methods.  The observations and proposals in this contribution may be summarized as:
Observation 1:  Using the pre-processing SINR with MU-MIMO transmission does not properly account for interference experienced with MU-MIMO.
Proposal 1:  Use the post-procesing SINR distribution as the interface between the system and link simulations for evaluating the mobility performance.
Observation 2:  The Indoor Hotspot – eMBB, Dense Urban – eMBB, and Rural – eMBB test environments have post-processing SINR 50th percentile values of 3.36 dB (3 km/h), 2.43 db (30 km/h), and 5.25 dB (120 km/h), respectively.
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Appendix	

[bookmark: _Ref471471514]Table 2.  Simulation Parameters
	Parameter
	Value

	Environments
	1. Indoor Hotspot – eMBB, Configuration A (4GHz), Channel model A, 12 TRxP’s
2. Dense Urban – eMBB, Configuration A (4GHz), Channel model A
3. Rural – eMBB, Configuration B (4GHz/1732m), Channel model A

	System bandwidth
	10MHz

	Subcarrier spacing
	15kHz

	Duplex mode
	FDD

	Traffic model
	Full buffer

	UE transmit power
	23 dBm

	gNB antenna element configuration
	1. (M,N,P) = (4,4,2). (dV,dH) = ( 0.5, 0.5 ) λ, 180° mechanical tilt
2. (M,N,P) = (16,8,2), (dV,dH) = ( 0.8, 0.5 ) λ
3. (M,N,P) = (8,16,2), (dV,dH) = ( 0.8, 0.5 ) λ
+45°, -45° polarization in all cases

	gNB antenna virtualization
	1. (M,N,P) = (4,4,2)
2. (M,N,P) = (2,8,2), Electrical tilt = 100°
3. (M,N,P) = (1,16,2), Electrical tilt = 100°

	UE antenna config.
	(M,N,P) = (1,2,2), dH = 0.5 λ, 0°, 90° polarization for all environments

	UE antenna pattern
	Omni

	Receiver
	MMSE with channel estimation error and interference modeling.
Indoor Hotspot channel estimation was ideal.

	CSI feedback
	Codebook-based transmission, CSI feedback period is 10ms, CSI feedback delay is 5 ms

	MIMO transmission scheme
	MU-MIMO with maximum UE rank of 2, maximum number of paired users is 6

	Scheduler
	PF with wideband scheduling
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