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Introduction
This is a TP on TPR#3/TPR#4/TPR#5/TPR#6 for TR 37.911 “Study on self-evaluation toward s the IMT-2020 submission of the 3GPP Satellite Radio Interface Technology” V0.0.1.
· TPR#3: 5th percentile user spectral efficiency
· TPR#4: Average spectral efficiency
· TPR#5: User experienced data rate
· TPR#6: Area traffic capacity

TPR: Technical Performance Requirement
Proposed changes

<Unchanged text is omitted>

[bookmark: foreword][bookmark: introduction][bookmark: scope][bookmark: references][bookmark: definitions][bookmark: clause4][bookmark: _Toc136809388]4	Self-evaluation of eMBB-s technical performance
[bookmark: _Toc136809392][bookmark: _Toc136809391]4.3	5th percentile user spectral efficiency 
As defined in [2, Rep ITU-R  M.2514-0], the 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as 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, divided by the channel bandwidth and is measured in bit/s/Hz. 
As required by Report Rep ITU-R  M.2514-0 [2], 5th percentile user spectral efficiency shall be assessed jointly with average spectral efficiency using the same simulation. Therefore, the evaluation results of the 5th percentile user spectral efficiency are provided together with average spectral efficiency in Section 4.4.
[bookmark: _Toc136809393]4.4	Average spectral efficiency
As defined in [2, Rep ITU-R  M.2514-0], average spectral efficiency is the aggregate throughput of all users (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) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP. A TRxP (transmission and reception point) refers to a beam generated by the satellite. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor.
As required by Report ITU-R  M.2514-0 [2], average spectral efficiency and 5th percentile user spectral efficiency are assessed jointly using the same simulation.
Average spectral efficiency and 5th percentile user spectral efficiency are evaluated for NR satellite access with satellite orbit at 600km with a ttransparent payload operating in S-Band. Both configurations with frequency reuse factor equals to 1 and frequency reuse factor equals to 3 are evaluated. Detailed evaluation assumptions and results can be found in Annex A.2.
The antenna configuration is indicated as (M, N, P, Mg,Ng; Mp, Np), where M and N are the number of vertical, horizontal antenna elements within a panel, P is number of polarizations, Mg is the number of panels in a column, Ng is the number of panels in row; and Mp and Np are the number of vertical, horizontal TXRUs within a panel and polarization.
The evaluation results of DL spectral efficiency for NR satellite access are provided in Table 4.4.1.
It is observed that NR satellite access can fulfil downlink spectral efficiency requirement
Table 4.4.1  Evaluation results of DL spectral efficiency for NR satellite access
	Scintillation loss
	Number of UE 
antennas
	Frequency reuse factor
	Req.
	DL Spectral efficiency
	Number of samples

	2.2 dB
	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.573
	8

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.047
	8

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.536
	7

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.037
	7

	
	4
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.746
	2

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.036
	2

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.608
	4

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.040
	4

	0 dB
	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.617
	3

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.033
	3

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.554
	3

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.039
	3

	
	4
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.813
	1

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.044
	1

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.531
	1

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.048
	1


 
The evaluation results of UL spectral efficiency for NR satellite access are provided in Table 4.4.2.
It is observed that NR satellite access can fulfil uplink spectral efficiency requirement.
Table 4.4.2 Evaluation results of UL spectral efficiency for NR satellite access
	Scintillation loss
	Number of UE 
antennas
	Frequency reuse factor
	Req.
	DL Spectral efficiency
	Number of samples

	2.2 dB
	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.100
	0.136
	7

	
	
	
	5th percentile [bit/s/Hz]
	0.003
	0.006
	7

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.100
	0.187
	6

	
	
	
	5th percentile [bit/s/Hz]
	0.003
	0.008
	6

	0 dB
	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.100
	0.225
	2

	
	
	
	5th percentile [bit/s/Hz]
	0.003
	0.008
	2

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.100
	0.223
	3

	
	
	
	5th percentile [bit/s/Hz]
	0.003
	0.008
	3



4.5	User experienced data rate
As defined in [2, Rep ITU-R  M.2514-0], 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. 
User experienced data rate for NR satellite access is evaluated under Rural – eMBB test environment. The user experienced data rate is derived from the 5th percentile user spectral efficiency through equation as defined in Rep ITU-R  M.2514 [2]. Detailed evaluation assumptions are based on spectral efficiency evaluation, and can be found in Annex A.2.
The evaluation results of DL user experienced data rate for NR satellite access are provided in Table 4.4.3. 
It is observed that NR satellite access can fulfil DL user experienced data rate requirement
Table 4.4.3 Evaluation results of DL user experienced data rate for NR satellite access
	Scintillation loss
	Number of UE 
antennas
	Frequency reuse factor
	Req.
	DL user experienced 
data rate
	Number of samples

	2.2 dB
	2
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	1,08
	6

	
	4
	FRF = 1
	User experienced data rate (Mbit/s)
	1
	1,07
	1

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	1,21
	3

	0 dB
	2
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	1,13
	2

	
	4
	FRF = 1
	User experienced data rate (Mbit/s)
	1
	1,33
	1

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	1,45
	1



The evaluation results of UL user experienced data rate for NR satellite access are provided in Table 4.4.4. 
It is observed that NR satellite access can fulfil UL user experienced data rate requirement

Table 4.4.4 Evaluation results of UL user experienced data rate for NR satellite access
	Scintillation loss
	Number of UE 
antennas
	Frequency reuse factor
	Req.
	UL user experienced 
data rate
	Number of 
samples

	2.2 dB
	2
	FRF = 1
	User experienced data rate (Mbit/s)
	0,1
	0,25
	5

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	0,1
	0,23
	5

	0 dB
	2
	FRF = 1
	User experienced data rate (Mbit/s)
	0,1
	0,16
	1

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	0,1
	0,22
	2



[bookmark: _Toc136809394]4.6	Area traffic capacity
As defined in [2, Rep ITU-R  M.2514-0], 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.
For NR satellite access, Area traffic capacity is evaluated under the Rural-eMBB-s test environment using analytical way based on the downlink average spectral efficiency as defined in in Report ITU-R  M.2514 [2]. Detailed evaluation assumptions are based on spectral efficiency evaluation, and can be found in Annex A.2.
The evaluation results of DL area traffic capacity NR satellite access a with 19 TRxP are provided in Table 4.4.5.
It is observed that NR satellite access can fulfil DL area traffic capacity requirement.
Table 4.4.5  Evaluation results of DL area traffic capacity for NR satellite access
	Scintillation loss
	Number of UE 
antennas
	Frequency reuse factor
	Req.
	DL area traffic capacity
	Number of samples

	2.2 dB
	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	11,82
	8

	
	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	8
	11,27
	7

	
	4
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	15,81
	2

	
	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	8
	12,81
	4

	0 dB
	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	12,95
	3

	
	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	8
	11,64
	3

	
	4
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	17,23
	1

	
	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	8
	11,26
	1



The evaluation results of UL area traffic capacity NR satellite access a with 19 TRxP are provided in Table 4.4.5.
It is observed that NR satellite access can fulfil UL area traffic capacity requirement
Table  Evaluation results of UL area traffic capacity for NR satellite access
	Scintillation loss
	Number of UE 
antennas
	Frequency reuse factor
	Req.
	UL area traffic capacity
	Number of samples

	2.2 dB
	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	1,5
	2,96
	8

	
	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	1,5
	3,98
	5

	0 dB
	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	1,5
	4,75
	3

	
	
	FRF = 3
	Area traffic capacity (kbit/s/km2)
	1,5
	4,56
	2



[bookmark: tsgNames][bookmark: startOfAnnexes][bookmark: _Toc21288803][bookmark: _Toc136809410]Annex A:	Simulation models and assumptions
A.2 	Evaluation assumption for spectral efficiency for NR satellite access
[bookmark: _GoBack]The detailed assumptions and results for average, 5th percentile user spectral efficiency, user experienced data rate and area traffic capacity can be found in the attached document "A.4.2_eMBB_SE_ UserExpDataRate_AreaTrafCap.zip".
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