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1. Introduction
At the RAN#81 meeting, the evaluation results of eMBB collected from 3GPP companies are discussed and captured into the interim report of ITU self-evaluation which was later submitted to ITU meeting in Oct. 2018. In the report, we provided the evaluation results of eMBB with ideal channel estimation. In this contribution, we present the updated evaluation results under non-ideal channel estimation.
2. ITU Requirements
The minimum requirement for the 5th percentile user spectral efficiency and average spectral efficiency for Indoor Hotspot-eMBB sceanrio is provided as follow [1].
TABLE 1
5th percentile user spectral efficiency
	Test environment
	Downlink 
(bit/s/Hz)
	Uplink 
(bit/s/Hz)

	Indoor Hotspot – eMBB
	0.3
	0.21

	


TABLE 2
Average spectral efficiency
	Test environment
	Downlink (bit/s/Hz/TRxP)
	Uplink (bit/s/Hz/TRxP)

	Indoor Hotspot – eMBB
	9
	6.75



The defination of area traffic capacity is also defined in [1]. Area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/m2). The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.
This can be derived for a particular use case (or deployment scenario) of one frequency band and one TRxP layer, based on the achievable average spectral efficiency, network deployment (e.g., TRxP (site) density) and bandwidth. Let W denote the channel bandwidth and ρ the TRxP density (TRxP/m2). The area traffic capacity Carea is given by:
Carea = ρ × W × SEavg                                                               (1)
The minimum requirement of area traffic capacity is listed as follow:
TABLE 3
Area traffic capacity
	Test environment
	Downlink (Mbit/s)

	Indoor Hotspot – eMBB
	10



3. Evaluation Results of Spectral Efficiency
3.1 Downlink Spectral Efficiency
[bookmark: _Hlk513734955]In this section, we update the downlink results of Indoor Hotspot–eMBB Config A/B/C under non-ideal channel estimation. The detailed evaluation assumptions can be found in Annex.
The evaluation results of DL average spectral efficiency and DL 5th percentile spectral efficiency are summarized in Table 4. The area traffic capacity results are provided based on results of the DL average spectral efficiency.
TABLE 4
Average spectral efficiency and 5th percentile user spectral efficiency for Indoor Hotspot–eMBB Config A/B/C
	Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	SEavg
(bit/s/Hz/TRxP)
	ITU Requirement of SEavg
(bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement of SEuser
(bit/s/Hz)

	Config A
(12TRxP)
	32T (4,4,2,1,1;4,4)
4R (1,2,2,1,1;1,2)
	DSUUD
	10.694  
	9
	0.386  
	0.3

	Config B
(12TRxP)
	32T (4,8,2,1,1;4,4)
8R (2,4,2,1,2;1,2)
	DSUUD
	7.707 
	9
	0.369  
	0.3

	Config C
(12TRxP)
	32T (8,16,2,1,1;4,4)
8R (2,4,2,1,2;1,2)
	DSUUD
	7.427  
	9
	0.377  
	0.3



Based on above evaluation results, we have following observation. 
Observation 1: The minimum requirement for DL 5th percentile user spectral efficiency and DL average spectral efficiency can be met for Indoor Hotspot-eMBB configuration A.
Observation 2: The minimum requirement for DL 5th percentile user spectral efficiency can be met for Indoor Hotspot-eMBB configuration B and C, while the DL average spectral efficiency can not be met.

3.2 Uplink Spectral Efficiency
In this section, we provide the uplink results of Indoor Hotspot–eMBB Config A/B/C under non-ideal channel estimation. The detailed evaluation assumptions can be found in Annex.
The evaluation results of UL average spectral efficiency and UL 5th percentile spectral efficiency are summarized in Table 5. It is noted that, in some antenna configurations, there are 8 TxRU for UE in two panels. UE only utilizes 4 TxRU in one panel for data transmission after panel selection. 
TABLE 5
Average spectral efficiency and 5th percentile user spectral efficiency for Indoor Hotspot–eMBB Config A/B/C 
	[bookmark: _Hlk525905885]Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	SEavg
(bit/s/Hz/TRxP)
	ITU Requirement of SEavg
(bit/s/Hz/TRxP)
	SEuser
(bit/s/Hz)
	ITU Requirement of SEuser
(bit/s/Hz)

	Config A
(12TRxP)
	32R (4,4,2,1,1;4,4)
4T (1,2,2,1,1;1,2)
	DSUUD
	9.420
	6.75
	0.445
	0.21

	Config B
(12TRxP)
	32R (4,8,2,1,1;4,4)
8T (2,4,2,1,2;1,2)
	DSUUD
	7.043
	6.75
	0.372
	0.21

	Config C
(12TRxP)
	32R (8,16,2,1,1;4,4)
8T (2,4,2,1,2;1,2)
	DSUUD
	6.799
	6.75
	0.362
	0.21



Based on above evaluation results, we have following observation. 
Observation 3: The minimum requirement for UL 5th percentile user spectral efficiency and UL average spectral efficiency can be met for Indoor Hotspot-eMBB configuration A, B and C.

4. Evaluation Results of Area Traffic Capacity
In this section, we will analyze the minimum bandwidth to meet the ITU requirement on area traffic capacity based on initial results of the DL average spectral efficiency in Table 6, Table 7 and Table 8. 
TABLE 6
Area traffic capacity for Config A
	Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	Bandwidth, W
(MHz)
	Area traffic capacity (Mbit/s)
	ITU requirement (Mbit/s)

	Config A
(12TRxP)
	32T (4,4,2,1,1;4,4)
4R (1,2,2,1,1;1,2)
	DSUUD
	450
	9.625 
	10

	
	
	
	500
	10.694
	10



TABLE 7
Area traffic capacity for Config B
	Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	Bandwidth, W
(MHz)
	Area traffic capacity (Mbit/s)
	ITU requirement (Mbit/s)

	Config B
(12TRxP)
	32T (4,8,2,1,1;4,4)
8R (2,4,2,1,2;1,2)
	DSUUD
	600
	9.248
	10

	
	
	
	650
	10.019
	10



TABLE 8
Area traffic capacity for Config C
	Test environment
	TRxP and UE antenna Config.
(M,N,P,Mg,Ng;Mp,Np) at TRxPs within a panel
	Frame structure
	Bandwidth, W
(MHz)
	Area traffic capacity (Mbit/s)
	ITU requirement (Mbit/s)

	Config C
(12TRxP)
	32T (8,16,2,1,1;4,4)
8R (2,4,2,1,2;1,2)
	DSUUD
	650
	9.655
	10

	
	
	
	700
	10.398
	10



Based on above results, we have following observations. 
Observation 4: The requirement on area traffic capacity can be met for Indoor Hotspot-eMBB configuration A, when the bandwidth is larger than 500MHz.
Observation 5: The requirement on area traffic capacity can be met for Indoor Hotspot-eMBB configuration B, when the bandwidth is larger than 650MHz.Observation 6: The requirement on area traffic capacity can be met for Indoor Hotspot-eMBB configuration C, when the bandwidth is larger than 700MHz.

5. Summary
[bookmark: _GoBack]In this contribution, we provide both the downlink and uplink results of Indoor Hotspot-eMBB Config B and C, including the DL/UL average spectral efficiency, the DL/UL 5th percentile user spectral efficiency and the area traffic capacity. The observations are summarized as follow:
Observation 1: The minimum requirement for DL 5th percentile user spectral efficiency and DL average spectral efficiency can be met for Indoor Hotspot-eMBB configuration A.
Observation 2: The minimum requirement for DL 5th percentile user spectral efficiency can be met for Indoor Hotspot-eMBB configuration B and C, while the DL average spectral efficiency can not be met.
Observation 3: The minimum requirement for UL 5th percentile user spectral efficiency and UL average spectral efficiency can be met for Indoor Hotspot-eMBB configuration A, B and C.
Observation 4: The requirement on area traffic capacity can be met for Indoor Hotspot-eMBB configuration A, when the bandwidth is larger than 500MHz.
Observation 5: The requirement on area traffic capacity can be met for Indoor Hotspot-eMBB configuration B, when the bandwidth is larger than 650MHz.
Observation 6: The requirement on area traffic capacity can be met for Indoor Hotspot-eMBB configuration C, when the bandwidth is larger than 700MHz.
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Annex: Evaluation assumptions
	Indoor Hotspot – eMBB
	Config A
	Config B
	Config C

	Carrier frequency for evaluation
	4 GHz
	30GHz
	70GHz

	Total transmit power per TRxP
	24 dBm for 20MHz bandwdith
	23 dBm for 80 MHz bandwidth
	21 dBm for 80 MHz bandwidth

	TRxP number per site
	1
	1
	1

	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

+45°, -45° polarization

	64Tx/Rx= (M,N,P,Mg,Ng) = (4,8,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization
	256Tx/Rx = (M,N,P,Mg,Ng) = (8,16,2,1,1), (dH,dV) = (0.5, 0.5)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	32TXRU, (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
(1-to-1 mapping)

	32TXRU,(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
	32TXRU,(Mp,Np,P,Mg,Ng) = (4,4,2,1,1)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)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
	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
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)
(1-to-1 mapping)
	8TXRU,(Mp,Np,P,Mg,Ng) = (1,2,2,1,2)

	8TXRU,(Mp,Np,P,Mg,Ng) = (1,2,2,1,2)


	Traffic model
	Full buffer
	Full buffer
	Full buffer

	UE density
	10 UEs per TRxP

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.
	Based on RSRP (formula) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	Wrapping around method
	Geographical distance based wrapping

	Polarized antenna model
	Model-2 in TR36.873

	Scheduler
	UL: SU PF (Max 12 layer)
DL: MU PF (Max 12 layer)
	UL: SU PF (Max 4 layer)
DL: SU PF (Max 4 layer)
	UL:SU PF (Max 4 layer)
DL:SU PF (Max 4 layer)

	Subband number
	20
	10
	10

	Overhead
uplink
	PUCCH
	14 OS, 2PRB
	14 OS, 2PRB 
	14 OS, 2PRB

	
	DMRS (Type II)
	6, 12 ports

	
	SRS(expect 4RBs for PUCCH)
	2 OFDM symbols per 5 slots


	
	PT-RS
	N.A
	time density is 4 OS, frequency density is 4 PRB 
	time density is 4 OS, frequency density is 4 PRB

	Overhead 
downlink
	SS/PBCH block
	1 SS/PBCH block per 20ms
	24 SS/PBCH block per 20ms
	24 SS/PBCH block per 20ms

	
	PDCCH
	
2 OFDM symbols per slot
	2 OFDM symbols per slot
	2 OFDM symbols per slot

	
	DMRS (Type II)
	6, 12 ports

	
	CSI-RS
	4, 8, 16, 24, 32 ports with periodicity of 5ms

	
	TRS
	4 CSI-RS resource in 2 consecutive slots per 20ms, 50PRB

	
	PT-RS
	N.A.
	time desity is 4OS, frequency density is 4PRB
	time desity is 4OS, frequency density is 4PRB

	Receiver
	MMSE-IRC

	CSI feedback
	periodically 5 slot feedback with 4 slot delay

	Channel estimation
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