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Background
For IMT-2020 self-evaluation for ITU submission, a particular value of C.D.F. of UL SINR is needed. In addition, data of UL SINR C.D.F. is quite different depending on companies. In this contribution, we discuss the clarification and harmonization of UL SINR evaluation methodologies

Discussions
Evaluation methodologies for UL SINR calculation
According to [1], the following evaluations need UL SINR.
· Mobility
· Reliability
50%ile UL SINR value and 5%ile UL SINR value are used for self-evaluation.

Regarding how to calculate UL SINR in mobility, in TR37.910 [2], the pre-processing SINR is defined for mobility evaluation.

	[bookmark: _Toc524549155]B.1	Calculation of pre-processing SINR 
Pre-processing SINR is used for mobility evaluation for SU-MIMO. 
The pre-processing SINR is defined on an Rx antenna port with respect to a Tx antenna port.
The following pre-processing SINR formula can be used for a system comprising of S Tx antenna ports (TXRUs) and U Rx antenna ports (TXRUs), 

					(B.1-1)


where  is the average received signal power as given by (B.1-2), and  is the average interference plus noise power as given by (B.1-3).

The average received signal power  is over the S Tx antenna ports and U Rx antenna ports (similar to (8.1-1) in TR36.873) that are expressed as

		(B.1-2)
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,

		





with the notations Pn, n,m,ZOA, n,m,AOA, n,m,ZOD, n,m,AOD,  , , ,  and  being according to equation (7.3-22) in TR36.873, and KR is the Ricean K-factor;
and for LOS path 	

		

with the notations LOS,ZOA, LOS,AOA, LOS,ZOD, LOS,AOD, and  being according to equation (7.3-27) in TR36.873;




and Ftx,p,θ and Ftx,p,ϕ are the field patterns of Tx antenna port p in the direction of the spherical basis vectors,  and  respectively, Frx,u,θ and Frx,u,ϕ 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, NR is the number of antenna elements that virtualizes the Rx antenna port u; wk (k=1, …, NT) represents a complex weight vector used for virtualization of Tx antenna port p, gl (l=1, …, NR) represents a complex weight vector used for virtualization of Rx antenna port u, Ftx,k,θ and Ftx,k,ϕ are the kth 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;
and TXpower is the total transmit power (over the S Tx antenna ports) per RE.

The average interference plus noise power  is over U Rx antenna ports that are expressed as

						(B.1-3)
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.



To calculate UL SINR for mobility, we can have two calculation methodologies
1. Correction of “one-shot” SINR to calculate C.D.F. of UL SINR
2. Correction of “UE UL SINR” to calculate C.D.F. of UL SINR
Figures 1 and 2 are concepts of scheme 1 and 2 respectively.
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	Figure 1. Scheme 1
	Figure 2. Scheme 2



In Figure 1, for a given UE, UL SINR obtained for each slot is corrected as “different” samples. On the other hand, in Figure 2, for a given UE, UL SINR value observed at multiple slots are averaged and one UL SINR “per UE” is obtained.

Figure 3 shows the C.D.F. of UL SINR in case scheme 1 and scheme 2 in dense urban – eMBB configuration A with channel model UMa_B.
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	Figure 3. C.D.F. of UL SINR



Observation 1:
· 50%ile value of UL SINR is different according to how to correct samples of UL SINR values.

Proposal 1:
· For mobility evaluation, RAN1 should decide which scheme to take for correction of UL SINR values.

Harmonization of uplink system level evaluation.
As an example, C.D.F. of UL SINR performances quite vary depending on companies for mobility evaluation in InH-eMBB with 12 TRPs in InH_A channel model [3].
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	Figure 4. C.D.F. of UL SINR provided from companies for mobility evaluation



As shown in this figure, although antenna configuration, scheduler, and MIMO scheme (SU or SU/MU dynamic switching) are different depending on participating companies, UL SINR performances in SLS are too different. As proposed [4], UL SLS calibration can be considered.

Observation 2:
· C.D.F. of UL SINR is quite different according to how to correct samples of UL SINR values.

Proposal 2:
· RAN1 discusses the more clarifications on evaluation methodologies for UL SLS evaluations


Conclusion
In this contribution, we discussed the evaluation methodologies for UL SLS. We have the following observations and proposals
Observation 1:
· 50%ile value of UL SINR is different according to how to correct samples of UL SINR values.
Observation 2:
· C.D.F. of UL SINR is quite different according to how to correct samples of UL SINR values.
Proposal 1:
· For mobility evaluation, RAN1 should decide which scheme to take for correction of UL SINR values.
Proposal 2:
· [bookmark: _GoBack]RAN1 discusses the more clarifications on evaluation methodologies for UL SLS evaluations
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Annex A: Evaluation assumptions
Table A1. System level evaluation assumptions for uplink
	Parameters
	Assumptions/Values

	Deployment scenario
	Dense Urban – eMBB, Configuration A

	Cell layout
	Hexagonal grid layout, 19 sites with 3-sectored TRP

	Simulation bandwidth
	10 MHz

	Number of antenna elements per TRP
	64 Tx/Rx
(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1), (dH, dV) = (0.5 λ, 0.8 λ), 
Polarization: 45, −45 (degree)

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

	BS antenna gain
	8 dBi

	BS antenna radiation pattern
	Table 8-6 in [1], θ3dB = 65 (degree), SLAV = 30 (dB)
φ3dB = 65 (degree), Am = 30 (dB)

	BS mechanical downtilt
	90° in GCS

	BS electrical downtilt
	108° in LCS

	BS array boresight
	30°, 150°, 270°  
	 x [image: ]




	UE antenna height
	1.5 m

	Number of antenna elements per UE
	2 Tx/Rx
(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), Polarization: 0, 90 (degree)

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

	UE antenna gain
	0 dBi

	UE antenna radiation pattern
	Omni-directional

	UE array orientation
	Bearing angle: uniform distribution with Ω0,0 = [0°, 360°]
Mechanical angle: Θmg, ng = 90°

	Device deployment
	20 % indoor, 80 % outdoor

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

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

	UE speed of interest
	Indoor UE: 3 km/h, Outdoor UE: 30 km/h

	Inter-site interference modeling
	Explicitly modeled

	UE noise figure
	7 dB

	UE density
	10 UEs per TRP

	Handover margin
	0 dB

	Traffic model
	Full buffer

	Transmission scheme
	SU-MIMO

	Channel model
	UMa_B

	Scheduler
	Proportional fairness with contiguous resource allocation

	SRS transmission
	Full bandwidth SRS transmission with 10 slots periodicity

	Maximum rank for SU-MIMO
	2

	MCS table
	MCS tables up to 256QAM

	Channel coding/decoding
	LDPC with sum-product decoding
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