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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the consideration on self evaluation for user experienced data rate is provided.
[bookmark: _Ref129681832]Definition of user experienced data rate
In Report ITU-R M.2410 (see [1]), the following definition and requirements of user experienced data rate are defined in subsection 4.3.
	User experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 
In case of one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate could be derived from the 5th percentile user spectral efficiency through equation (3). Let W denote the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency. Then the user experienced data rate, Ruser is given by:
		Ruser = W × SEuser                                                                              (3)
In case bandwidth is aggregated across multiple bands (one or more TRxP layers), the user experienced data rate will be summed over the bands. 


Evaluation configuration and technical features 
It is observed from the ITU definition that user experienced data rate is used to test the proposal’s capability on providing the 5th percentile user throughput. Single-band or multiple-band configuration can be used for evaluation.
For NR deployment, it would be good that NR can reach high user experienced data rate (i.e., the 5th percentile user throughput) by using the same inter-site distance (ISD) as existing systems (e.g., LTE). However, if NR is deployed only on higher frequency band, it might be challenging to use the same ISD to provide the desired user experienced data rate. 
It is noted that in Rel-15 NR WI, NR-LTE spectrum sharing using a TDD band and a supplementary uplink (SUL) band is enabled to enhance the NR uplink coverage to guarantee good UL user experienced data rate under the same ISD as LTE. By this means, NR is expected to appropriately use the two bands to provide the target user experienced data rate using the same ISD.
The above mechanism can be tested using Configuration C of Dense Urban – eMBB test environment as defined in Report ITU-R M.2412 (see [2]), where the macro layer only layout (ISD = 200m) with two operating bands can be used. As comparison, Configuration A (macro layer only with low frequency band) and Configuration B (macro layer only with high frequency band) are also considered for evaluation.
Therefore, it is considered to evaluate the configurations and technical features as shown in Table 1 for UL user experienced data rate.
TABLE 1
Evaluation configuration and technical feature for UL user experienced data rate
	Test environment
	Evaluation configuration
	Network layout
	Carrier frequency
	Evaluated feature for NR
	Remarks

	Dense Urban – eMBB
	Configuration A
	Macro layer only 
ISD=200m
	4 GHz
	NR FDD / TDD
	NR UEs are operated on 4 GHz.

	
	Configuration B
	Macro layer only 
ISD=200m
	30 GHz
	NR TDD
	NR UEs are operated on 30 GHz.

	
	Configuration C
	Macro layer only 
ISD=200m
	4 GHz (SUL band) and 30 GHz (TDD band) 
	SUL+TDD band 
	Part of NR UEs are operated on 4 GHz, and part of NR UEs are operated on 30 GHz.


Specifically, in NR/LTE uplink sharing, the NR UEs can transmit UL data on either TDD band (higher frequency band) or SUL band (lower frequency band). By this means, the NR users that are relatively far from NR TRxP can benefit from the lower frequency band to achieve good channel condition and therefore keep good throughput (data rate) under the same ISD as previously deployed systems (e.g., LTE). 
Proposal 1: NR multi-band operation with SUL+TDD band is evaluated for UL user experienced data rate in addition to NR FDD/TDD with a single band.
Proposal 2: Configuration C with macro layer operating on 4 GHz (SUL band) and 30 GHz (TDD band) is employed for SUL+TDD evaluation, in addition to Configuration A and B for NR FDD/TDD evaluation.
Evaluation methodology
According to Report ITU-R M.2412, the following evaluation methodology is defined.
	For one frequency band and one TRxP layer, user experienced data rate is derived analytically from the 5th percentile user spectral efficiency according to equation (3) defined in Report ITU-R M.2410. The bandwidth used should be reported by the proponent.
In case of multi-layer configuration, system-level simulation is used. In this case, the single user data rate may be aggregated over layers and/or bands. The user experienced data rate is derived from the 5th percentile point of the CDF of single user data rate.


Evaluation method for NR FDD/TDD with single band
From the above description we can see that for one frequency band and one TRxP layer, user experienced data rate can be derived from equation (3) using the supported system bandwidth and the 5th percentile user spectral efficiency.
Evaluation method for SUL+TDD band
For NR multi-band operation with SUL+TDD band, the following evaluation method is considered in accordance with the evaluation methodology defined in Report ITU-R M.2412.
It is assumed that an NR UE can camp on either frequency band of a macro TRxP. Denote the k-th UE’s throughput (data rate) as Rk, and it camps on frequency band fi (i=1 or 2) on uplink. The simulation bandwidth for frequency band fi is SBWi. The simulated user throughput on the simulation bandwidth is SRk for the k-th UE. Assume the supported system bandwidth on frequency band fi is BWi, then, similar to equation (3), the k-th UE’s throughput Rk is given by
Rk = SRk×Ci 									(2)
where Ci = BWi / SBWi with SBWi being the simulation bandwidth for frequency band fi and BWi being the supported system bandwidth on frequency band fi (i=1 or 2).
After the k-th user’s throughput Rk is derived, we can collect all the users’ throughput to form the CDF of the user throughput, and get the 5th percentile point of the CDF as the user experienced data rate. 
The detailed evaluation procedure of user experienced data rate for the NR multi-band operation with SUL+TDD band can be summarized as below.
Proposal 3: For evaluation of NR multi-band operation with SUL+TDD band, use the following procedure as evaluation method
	· Step1: Drop users in the network and each user selects its serving cell and frequency band fi (i=1 or 2) based on a predefined criteria. gNB configures UE’s frequency band fi (i=1 or 2).
· Step2: Data transmission simulation on each frequency band.
· Step3: Collect each user’s simulated throughput SRk on specific band.
· Step4: For specific frequency band, calculate each user’s throughput Rk based on the assumption of supported system bandwidth according to equation (2).
· Step5: Generate the CDF of user throughput from all users on frequency band f1 and f2, and take the 5th percentile point of the user throughput CDF as the user experienced data rate.


Initial evaluation results
Based on the above discussion, the initial evaluation results for UL user experienced data rate are presented. Evaluation assumptions can be found in Appendix.
In Table 1, the 5%-tile simulated user throughput for NR FDD, NR TDD and NR SUL+TDD case are presented. It is seen that the NR multi-band operation with SUL+TDD band demonstrate good  performance compared to NR FDD and NR TDD on a single band. Specifically, the initial evaluation shows that it would be challenging for NR to provide good coverage (“cell edge” user throughput) in Configuration B. (Note that further optimization is possible for Configuration B.)
TABLE 1
User throughput under simulation bandwidth
	Evaluated features
	Evaluation configuration
	Carrier frequency for fi (i=1 or 2)
	Simulation bandwidth SBWi on fi
	Simulated user throughput SRk

	NR FDD 
	Configuration A
	f1=4 GHz
	10 MHz
	2.46 Mbps

	NR TDD 
	Configuration B
	f1=30 GHz
	80 MHz
	0.12 Mbps

	NR SUL+TDD band
	Configuration C
	f1=4 GHz (SUL band) and  f2=30 GHz (TDD band)
	4GHz:10 MHz
30GHz:80 MHz
	6.57 Mbps


In Table 2, the initial evaluation results of UL user experienced data rate are derived from the evaluation method as given in Section 4. It shows that UL user experienced data rate can reach 50Mbps requirement with NR multi-band operation by using a SUL band (4 GHz) with 80 MHz bandwidth and a TDD band (30 GHz) with 600 MHz bandwidth. Compared to NR single band operation, it reduces the required bandwidth that achieves 50 Mbps target from 200 MHz to 80 MHz for 4 GHz, and it improves the UL experienced data rate for 30 GHz from 1 Mbps to 50 Mbps under the bandwidth of 600 MHz.
TABLE 2
Initial UL user experienced data rate evaluation
	Evaluated features
	Evaluation configuration
	Carrier frequency for fi (i=1 or 2)
	Supported bandwidth SBWi on fi
	UL user experienced data rate (Mbps)

	NR FDD 
	Configuration A
	f1=4 GHz
	200 MHz
	49.2

	NR TDD 
	Configuration B
	f1=30 GHz
	600 MHz
	0.9

	NR SUL+TDD band
	Configuration C
	f1=4 GHz (SUL band) and  f2=30 GHz (TDD band)
	4GHz:80MHz
30GHz:600MHz
	50.3


Observation 1: NR multi-band operation with SUL+TDD band can fulfill the UL user experienced data rate with reasonable bandwidth at 30GHz (TDD band) and much smaller bandwidth for 4GHz (SUL band) compared with NR single band operation.
Observation 2: NR multi-band operation with SUL+TDD band can improve the user experienced data rate by using less bandwidth on 4 GHz and 30 GHz compared to NR single band operation.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this paper, consideration of user experienced data rate evaluation is presented. Based on the discussion, the following proposals are made.
Proposal 1: NR multi-band operation with SUL+TDD band is evaluated for UL user experienced data rate in addition to NR FDD/TDD with a single band.
Proposal 2: Configuration C with macro layer operating on 4 GHz (SUL band) and 30 GHz (TDD band) is employed for SUL+TDD evaluation, in addition to Configuration A and B for NR FDD/TDD evaluation.
Proposal 3: For evaluation of NR multi-band operation with SUL+TDD band, use the following procedure as evaluation method
	· Step1: Drop users in the network and each user selects its serving cell and frequency band fi (i=1 or 2) based on a predefined criteria. gNB configures UE’s frequency band fi (i=1 or 2).
· Step2: Data transmission simulation on each frequency band.
· Step3: Collect each user’s simulated throughput SRk on specific band.
· Step4: For specific frequency band, calculate each user’s throughput Rk based on the assumption of supported system bandwidth according to equation (2).
· Step5: Generate the CDF of user throughput from all users on frequency band f1 and f2, and take the 5th percentile point of the user throughput CDF as the user experienced data rate.


Based on the initial evaluation results, it is observed that,
Observation 1: NR multi-band operation with SUL+TDD band can fulfill the UL user experienced data rate with reasonable bandwidth at 30GHz (TDD band) and much smaller bandwidth for 4GHz (SUL band) compared with NR single band operation.
Observation 2: NR multi-band operation with SUL+TDD band can improve the user experienced data rate by using less bandwidth on 4 GHz and 30 GHz compared to NR single band operation.
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Appendix: Evaluation assumptions
Table A-1 Evaluation assumptions for UL user experienced data rate
	Parameters
	Value

	Test environment
	Dense Urban -eMBB

	Evaluation configuration
	Configuration A: Macro layer with 4 GHz (FDD)
Configuration B: Macro layer with 30 GHz (TDD with DL:UL = 4:1)
Configuration C: Macro layer with 4 GHz (SUL) + 30 GHz (TDD with DL:UL = 4:1)

	Network layout
	Macro layer only

	Carrier frequency for evaluation
	4 GHz
	30 GHz

	Simulation bandwidth
	FDD:10MHz
	TDD: 80MHz

	Subcarrier spacing
	30 kHz
	60kHz

	Symbols number per slot
	14

	Channel model
	UMa_B

	Inter-site distance
	200 m

	BS antenna height
	25 m

	UE power class
	23 dBm

	Percentage of high loss and low loss building type 
	20% high loss, 80% low loss

	Inter-site distance
	200 m

	Number of antenna elements per TRxP
	128Tx/Rx = (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.5)λ. 
+45°, -45° polarization
	256Tx/Rx = (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. 
(dg,H,dg,V) = (4.0, 2.0)λ 
+45°, -45° polarization

	Number of TXRU per TRxP
	16TXRU=(Mp,Np,P,Mg,Ng) =(1,8,2,1,1)
	8TXRU=(Mp,Np,P,Mg,Ng) =(1,1,2,2,2)

	Number of UE antenna elements 
	2Tx/Rx = (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (0.5, 0.5)λ

0°,90° polarization
	32Tx/Rx = (M,N,P,Mg,Ng) = (2,4 ,2,1,2), (dH,dV) = (0.5, 0.5)λ

(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;

0°,90° polarization

	Number of TXRU per UE
	2TXRU=(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
(1-to-1 mapping)
	4TXRU=(Mp,Np,P,Mg,Ng)=(1,1,2,1,2)

	Device deployment
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer

	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: 3km/h
Outdoor users (in-car): 30 km/h

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB
	7 dB

	UE noise figure
	7 dB 
	10 dB

	BS antenna element gain
	8 dBi

	UE antenna element gain
	0 dBi
	5 dBi

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE density
	10 UEs per TRxP

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

	TRP number per site
	3

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

	Electronic tilt
	105deg in LCS
	(According to Zenith angle in "Beam set at TRxP")

	TRxP boresight  
	30degree/150degree/270degree

	UT attachment
	Based on RSRP (formula) from CRS port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
For SUL+TDD evaluation, around 30% of the users (the edge users) are offloaded to 4GHz layer

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	Follow corresponding channel model variant

	Polarized antenna model
	Model-2 in TR36.873

	Beam set at TRxP for 30 GHz
(Constraints for the range of selective analog beams per TRxP)
	-
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16] 
Zenith angle θj = [5*pi/8, 7*pi/8]

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
2D DFT beam for beam at (φi, θj) 

	Beam set at UE for 30 GHz
(Constraints for the range of selective analog beams for UE)
	-
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -pi/8, pi/8, 3*pi/8];
Zenith angle θj = [pi/4, 3*pi/4];

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
2D DFT beam for beam at (φi, θj)

	Criteria for selection for serving TRxP for 30 GHz
	-
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

	Criteria for analog beam selection for serving TRxP for 30 GHz
	-
	Select the best beam pair among the limited set of DFT analog beams, based on the criteria of maximizing receive power after beamforming.

	Scheduler
	SU-PF

	MIMO mode
	SU-MIMO with rank 2 adaptation per user

	BS receiver type
	MMSE-IRC

	UE precoder scheme
	Codebook based

	UL CSI derivation
	SRS (ideal) based, with delay



