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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1], the self evaluation will provide the performances towards all the ITU-R IMT-2020 requirements. The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [2] for the test environment of Indoor Hotspot-eMBB. 
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


[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK46][bookmark: OLE_LINK47]According to the evaluation methodology of Report ITU‑R M.2412 [3], the average spectral efficiency and the 5th percentile user spectral efficiency need system-level simulation evaluation to demonstrate the achievement for the ITU-R technical performance requirements, while area traffic capacity can be calculated by average spectral efficiency SEavg through equation in [2] (this KPI is only applied to Indoor Hotspot-eMBB).
Carea = ρ × W × SEavg
[bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK202][bookmark: OLE_LINK203]In our companion contribution [4], some initial evaluation results including the average spectral efficiency, the 5th percentile user spectral efficiency and the area traffic capacity were provided. In this document, more updated evaluation results on the uplink spectral efficiencies in Indoor Hotspot-eMBB based on the agreed technical features and system configurations in [5] are provided to meet the technical performance requirements. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Evaluation methodology
System-level simulation with proper link to system interface based on link-level simulation results could be used to evaluate average spectral efficiency and 5th percentile user spectral efficiency. 
[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK59][bookmark: OLE_LINK69][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK244][bookmark: OLE_LINK90][bookmark: OLE_LINK91]For the area traffic capacity, the TRxP density (TRxP/m2) can be calculated according to the network layout defined in 8.3.1 of Report ITU‑R M.2412 [3], such as 0.002 for the 12 TRxPs topology and 0.006 for the 36 TRxPs topology. The area traffic capacity can be calculated based on proper bandwidth to demonstrate the achievement for the requirement of the ITU-R.
[bookmark: OLE_LINK55][bookmark: OLE_LINK57]Evaluation assumption
In this contribution, different antenna configurations are evaluated to observe the proper antenna configurations to fulfil the ITU minimum performance requirements and to observe the performance advantage of NR system, including different numbers of antenna elements and different TxRU mapping. The evaluation assumptions used in this document refer to [5] [6] and are detailed summarized in Annex, which will be updated when 3GPP has further discussions and/or agreements. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK33]Initial downlink evaluation results
[bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Based on the above information, the initial evaluation results with 4GHz are provided for average spectral efficiency and 5th percentile spectral efficiency under Indoor Hotspot-eMBB. Evaluation assumptions can be found in Annex.
[bookmark: OLE_LINK52][bookmark: OLE_LINK54][bookmark: OLE_LINK175][bookmark: OLE_LINK237]Initial downlink evaluation results
[bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK56][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK174]The initial evaluation results for DL average spectral efficiency and DL 5th percentile spectral efficiency under Indoor Hotspot-eMBB are provided in Table 1~ 4. The area traffic capacity results are provided in Table 6 and Table 7 which are calculated based on initial results of the average spectral efficiency. 
[bookmark: OLE_LINK215][bookmark: OLE_LINK216][bookmark: OLE_LINK217]Spectral efficiency:
[bookmark: OLE_LINK266][bookmark: OLE_LINK267][bookmark: OLE_LINK268][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK141]Note: Further non-ideal evaluation assumptions and PRB bundling would be updated in future. 
[bookmark: OLE_LINK58][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK76][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK97][bookmark: OLE_LINK142][bookmark: OLE_LINK147][bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK229]Table 1 Initial DL average spectral efficiency evaluation for 12 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	Test environment
	Duplex scheme
	[bookmark: OLE_LINK506][bookmark: OLE_LINK507][bookmark: OLE_LINK508][bookmark: OLE_LINK509][bookmark: OLE_LINK510][bookmark: OLE_LINK511]TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)
	Require-ment (bit/s/Hz/TRxP)
	SEavg (bit/s /Hz/TRxP)
	Gain

	[bookmark: OLE_LINK370][bookmark: OLE_LINK371][bookmark: _Hlk510450422][bookmark: _Hlk510450236][bookmark: _Hlk510015409]12 TRxPs Config. A, 4GHz
InH-B
	FDD
	32T/4R , (4,4,2,1,1)
	32Tx/4Rx, (4,4,2,1,1)
	9
	[bookmark: OLE_LINK89][bookmark: OLE_LINK92][bookmark: OLE_LINK161]11.75
	30.56%

	
	
	
	64Tx/4Rx, (4,8,2,1,1)
	
	12.10
	34.44%

	
	
	
	128Tx/4Rx, (8,8,2,1,1)
	
	12.72
	41.33%

	
	
	
	256Tx/4Rx, (8,16,2,1,1)
	
	13.76
	52.89%

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	
	16.68
	85.33%

	[bookmark: _Hlk505604722]
	TDD
15KHz SCS
	[bookmark: OLE_LINK258][bookmark: OLE_LINK259]16T/4R, (2,4,2,1,1)
	16Tx/4Rx, (2,4,2,1,1)
	
	9.24
	2.67%

	
	
	32T/4R , (4,4,2,1,1) 
	32Tx/4Rx, (4,4,2,1,1)
	
	12.26
	36.22%

	
	
	
	64Tx/4Rx, (4,8,2,1,1)
	
	12.31
	36.78%

	
	
	
	128Tx/4Rx, (8,8,2,1,1)
	
	13.44
	49.33%

	
	
	
	256Tx/4Rx, (8,16,2,1,1)
	
	15.18
	68.67%

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	
	19.40
	115.56%

	[bookmark: _Hlk505760191][bookmark: _Hlk505859383]
	TDD
30KHz SCS
	[bookmark: OLE_LINK234][bookmark: OLE_LINK235][bookmark: OLE_LINK358][bookmark: OLE_LINK359][bookmark: OLE_LINK360][bookmark: OLE_LINK277][bookmark: OLE_LINK236][bookmark: OLE_LINK238][bookmark: OLE_LINK361]32T/4R , (4,4,2,1,1) 
	32Tx/4Rx, (4,4,2,1,1)
	
	[bookmark: OLE_LINK85][bookmark: OLE_LINK88]11.77
	30.78%

	
	
	
	64Tx/4Rx, (4,8,2,1,1)
	
	11.87
	31.89%

	
	
	
	128Tx/4Rx, (8,8,2,1,1)
	
	12.60
	40.00%

	
	
	
	256Tx/4Rx, (8,16,2,1,1)
	
	14.65
	62.78%

	[bookmark: _Hlk505765582]
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	
	18.66
	107.33%


[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK104][bookmark: OLE_LINK111][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Table 2 Initial DL 5th percentile spectral efficiency evaluation for 12 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)
	Requirement
(bit/s/Hz)
	SEuser 
(bit/s/Hz)
	Gain

	[bookmark: _Hlk510015476][bookmark: _Hlk510533278]12 TRxPs Config. A, 4GHz
InH-B
	FDD
	32T/4R , (4,4,2,1,1)
	32Tx/4Rx, (4,4,2,1,1)
	0.3
	0.48
	60.00%

	
	
	
	64Tx/4Rx, (4,8,2,1,1)
	
	0.33
	10.00%

	
	
	
	128Tx/4Rx, (8,8,2,1,1)
	
	0.33
	10.00%

	
	
	
	256Tx/4Rx, (8,16,2,1,1)
	
	0.45
	49.92%

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	
	0.62
	107.58%

	[bookmark: _Hlk510015499][bookmark: _Hlk510533223]
	TDD
15KHz SCS
	16T/4R, (2,4,2,1,1)
	16Tx/4Rx, (2,4,2,1,1)
	
	0.33
	[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK68]10.00%

	
	
	32T/4R , (4,4,2,1,1) 
	32Tx/4Rx, (4,4,2,1,1)
	
	0.47
	56.67%

	
	
	
	64Tx/4Rx, (4,8,2,1,1)
	
	0.33
	10.00%

	
	
	
	128Tx/4Rx, (8,8,2,1,1)
	
	0.31
	0.33%

	
	
	
	256Tx/4Rx, (8,16,2,1,1)
	
	0.49
	63.33%

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	
	0.81
	170.00%

	
	TDD
30KHz SCS
	32T/4R , (4,4,2,1,1)
	32Tx/4Rx, (4,4,2,1,1)
	
	[bookmark: OLE_LINK103][bookmark: OLE_LINK105]0.44
	46.67%

	
	
	
	64Tx/4Rx, (4,8,2,1,1)
	
	0.30
	0.00%

	
	
	
	128Tx/4Rx, (8,8,2,1,1)
	
	0.31
	3.33%

	
	
	
	256Tx/4Rx, (8,16,2,1,1)
	
	0.49
	63.33%

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	
	0.76
	153.33%


	
Table 3 Initial DL average spectral efficiency evaluation for 36 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	[bookmark: OLE_LINK283]Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)
	Gain

	[bookmark: _Hlk510455070][bookmark: _Hlk510015567]36 TRxPs Config. A, 4GHz,
InH-B
	FDD
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx, (8,8,2,1,1)
	9
	10.75
	19.44%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	12.29
	36.56%

	
	
	32T/8R, (2,8,2,1,1)
	256Tx/8Rx(8,16,2,1,1)
	
	[bookmark: OLE_LINK36][bookmark: OLE_LINK50]16.02
	78.00%

	
	TDD
[bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: OLE_LINK431]15KHz SCS
	64T/4R, (4,8,2,1,1)
	64Tx/4Rx, (4,8,2,1,1)
	
	[bookmark: OLE_LINK130][bookmark: OLE_LINK131]9.69
	7.67%

	[bookmark: _Hlk510602115]
	
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	10.61
	17.89%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	12.12
	34.67%

	
	
	64T/4R, (4,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	11.62
	29.11%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	12.56
	39.56%

	
	
	64T/8R, (4,8,2,1,1)
	256Tx/8Rx(8,16,2,1,1)
	
	16.72
	85.78%

	
	TDD
30KHz SCS
	64T/4R, (4,8,2,1,1)
	64Tx/4Rx, (4,8,2,1,1)
	
	[bookmark: OLE_LINK139][bookmark: OLE_LINK153]9.29
	3.22%

	
	
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	10.25
	13.89%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	11.55
	28.33%

	
	
	64T/4R, (4,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	11.56
	28.44%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	12.15
	34.98%

	
	
	64T/8R, (4,8,2,1,1)
	256Tx/8Rx(8,16,2,1,1)
	
	16.27
	80.78%



[bookmark: OLE_LINK318][bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK269][bookmark: OLE_LINK270]Table 4 Initial DL 5th percentile spectral efficiency evaluation for 36 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)
	Requirement
(bit/s/Hz)
	SEuser 
(bit/s/Hz)
	Gain

	[bookmark: _Hlk510451121][bookmark: _Hlk510533593]36 TRxPs Config. A, 4GHz,
InH-B
	FDD
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx, (8,8,2,1,1)
	0.3
	0.37
	23.33%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	0.34
	13.33%

	
	
	32T/8R, (2,8,2,1,1)
	256Tx/8Rx(8,16,2,1,1)
	
	[bookmark: OLE_LINK39][bookmark: OLE_LINK42]0.57
	90.00%

	[bookmark: _Hlk510015956]
	TDD
15KHz SCS
	64T/4R, (4,8,2,1,1)
	64Tx/4Rx, (4,8,2,1,1)
	
	0.33
	10.00%

	
	
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	0.35
	16.67%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	0.33
	10.00%

	
	
	64T/4R, (4,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	0.36
	20.00%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	0.34
	13.33%

	
	
	64T/8R, (4,8,2,1,1)
	256Tx/8Rx(8,16,2,1,1)
	
	0.57
	90.00%

	
	TDD
30KHz SCS
	64T/4R, (4,8,2,1,1)
	64Tx/4Rx, (4,8,2,1,1)
	
	0.31
	3.33%

	
	
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	0.32
	6.67%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	0.31
	3.33%

	
	
	64T/4R, (4,8,2,1,1)
	128Tx/4Rx(8,8,2,1,1)
	
	0.41
	36.67%

	
	
	
	256Tx/4Rx(8,16,2,1,1)
	
	0.31
	3.33%

	
	
	64T/8R, (4,8,2,1,1)
	256Tx/8Rx(8,16,2,1,1)
	
	0.55
	83.33%


[bookmark: OLE_LINK183][bookmark: OLE_LINK185][bookmark: OLE_LINK22][bookmark: OLE_LINK31][bookmark: OLE_LINK271][bookmark: OLE_LINK272][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK95][bookmark: OLE_LINK434][bookmark: OLE_LINK435][bookmark: OLE_LINK436]Observation 1: For both 12 TRxPs and 36TRxPs topology with sub 6 GHz, NR can fulfil the DL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both TDD and FDD mode. 
[bookmark: OLE_LINK110]Observation 2: Evaluation results on downlink spectral efficiency with 30KHz SCS are slightly worse than 15KHz SCS with the assumption that the simulation bandwidth is not scaled with SCS.
[bookmark: OLE_LINK381][bookmark: OLE_LINK382][bookmark: OLE_LINK326][bookmark: OLE_LINK328][bookmark: OLE_LINK494][bookmark: OLE_LINK495][bookmark: OLE_LINK264][bookmark: OLE_LINK265]Based on the assumptions in this contribution and [5][6], according to the above initial evaluation results, the sufficient antenna configurations to meet the minimum requirement are summarized in the following Table 5. 
[bookmark: OLE_LINK514][bookmark: OLE_LINK515][bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK498][bookmark: OLE_LINK499][bookmark: OLE_LINK500][bookmark: OLE_LINK501]Proposal 1: For downlink spectral efficiency evaluation to meet the requirements, the sufficient antenna configurations can refer to the configurations in Table 5 when the same assumptions in this contribution are applied.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK340]Table 5 Sufficient antenna configurations for Indoor Hotspot-eMBB at 4GHz
	[bookmark: OLE_LINK317][bookmark: OLE_LINK325][bookmark: OLE_LINK288][bookmark: OLE_LINK289]Test environment
	Duplex scheme
	Sufficient antenna configuration

	
	
	TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)

	[bookmark: _Hlk510455048]12TRxPs, Config.A 4GHz
	FDD
	32T/4R , (4,4,2,1,1) 
	32Tx/4Rx, (4,4,2,1,1)

	
	[bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK165][bookmark: OLE_LINK166]TDD 15KHz SCS
	16T/4R , (2,4,2,1,1)
	16Tx/4Rx, (2,4,2,1,1)

	
	[bookmark: OLE_LINK169][bookmark: OLE_LINK170]TDD 30KHz SCS
	32T/4R , (4,4,2,1,1) 
	32Tx/4Rx, (4,4,2,1,1)

	[bookmark: OLE_LINK140][bookmark: OLE_LINK184]36TRxPs, Config.A 4GHz
	FDD
	32T/4R, (2,8,2,1,1) 
	[bookmark: OLE_LINK181][bookmark: OLE_LINK182]128Tx/4Rx, (8,8,2,1,1)

	
	TDD
15KHz SCS
	64T/4R, (4,8,2,1,1) 
	64Tx/4Rx, (4,8,2,1,1)

	
	TDD 30KHz SCS
	64T/4R, (4,8,2,1,1) 
	64Tx/4Rx, (4,8,2,1,1)


Area traffic capacity:
Considering various bandwidth at 4GHz, initial area traffic capacities are provided in Table 6 and Table 7.
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK339]Table 6 Initial area traffic capacity evaluation for 12 TRxPs at 4GHz
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)
	Bandwidth W
 (MHz)
	Carea 
(Mbit/s/m2)
	Requirement
(Mbit/s/m2)

	12 TRxPs Config. A, 4GHz
InH-B
	FDD
	32T/4R , (4,4,2,1,1)
	32Tx/4Rx, (4,4,2,1,1)
	400
	9.40 
	10

	
	
	
	
	450
	10.58 
	

	
	
	
	
	500
	11.75 
	

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	250
	8.34 
	

	
	
	
	
	300
	10.01 
	

	
	
	
	
	350
	11.68 
	

	
	TDD
15KHz SCS
	16T/4R , (2,4,2,1,1) 
	16Tx/4Rx, (2,4,2,1,1)
	500
	9.24 
	

	
	
	
	
	550
	10.16 
	

	
	
	
	
	600
	11.09 
	

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	250
	9.70
	

	
	
	
	
	300
	11.64
	

	
	
	
	
	350
	13.58
	

	
	TDD
30KHz SCS
	32T/4R , (4,4,2,1,1) 
	32Tx/4Rx, (4,4,2,1,1)
	400
	9.42 
	

	
	
	
	
	450
	10.59 
	

	
	
	
	
	500
	11.77 
	

	
	
	32T/8R , (4,4,2,1,1)
	256Tx/8Rx, (8,16,2,1,1)
	250
	9.33
	

	
	
	
	
	300
	11.19
	

	
	
	
	
	350
	13.06
	


Table 7 Initial area traffic capacity evaluation for 36 TRxPs at 4GHz
	[bookmark: OLE_LINK45][bookmark: OLE_LINK49]Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at transmitter)
	Element configuration(No. at transmitter/receiver, configuration at transmitter)
	Bandwidth W
 (MHz)
	Carea 
(Mbit/s/m2)
	Requirement
(Mbit/s/m2)

	[bookmark: _Hlk505781524]36 TRxPs Config. A, 4GHz
InH-B
	FDD
	32T/4R, (2,8,2,1,1)
	128Tx/4Rx, (8,8,2,1,1)
	150
	9.68 
	10

	
	
	
	
	200
	12.90 
	

	
	
	
	
	250
	16.13 
	

	
	
	32T/8R, (2,8,2,1,1)
	256Tx/8Rx,
(8,16,2,1,1)
	100
	9.61 
	

	
	
	
	
	150
	14.42 
	

	
	
	
	
	200
	19.22 
	

	[bookmark: _Hlk505766535]
	TDD
15KHz SCS
	64T/4R, (4,8,2,1,1)
	64Tx/4Rx, 
(4,8,2,1,1)
	150
	8.72 
	

	
	
	
	
	200
	11.63 
	

	
	
	
	
	250
	14.54 
	

	
	
	64T/8R, (4,8,2,1,1)
	256Tx/8Rx,
(8,16,2,1,1)
	100
	10.03
	

	
	
	
	
	150
	15.05
	

	
	
	
	
	200
	20.06
	

	
	TDD
30KHz SCS
	64T/4R, (4,8,2,1,1)
	64Tx/4Rx, (4,8,2,1,1)
	150
	8.33 
	

	
	
	
	
	200
	11.11 
	

	
	
	
	
	250
	13.89 
	

	
	
	64T/8R, (4,8,2,1,1)
	256Tx/8Rx,
(8,16,2,1,1)
	100
	9.76
	

	
	
	
	
	150
	14.64
	

	
	
	
	
	200
	19.52
	


[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK32][bookmark: OLE_LINK48][bookmark: OLE_LINK53][bookmark: OLE_LINK273][bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK276][bookmark: OLE_LINK83][bookmark: OLE_LINK84]Observation 3: The ITU requirement on area traffic capacity can be met by NR.
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Observation 4: More TRxPs can increase the area traffic capacity even when spectral efficiency is lower than that of the case of less TRxPs.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK200][bookmark: OLE_LINK201]Note that the evaluation results of area traffic capacity and the requirement of aggregated bandwidth to achieve the ITU minimum requirement are closely related to the evaluation results of DL average spectral efficiency, and the above results will be updated when evaluation assumptions and spectral efficiencies are further updated in future. It is good to list both results from minimum required antenna configuration and a reasonable configuration which can provide required bandwidth respectively to meet area traffic capacity requirement. 
[bookmark: OLE_LINK188][bookmark: OLE_LINK189]Proposal 2: Further discuss which antenna configuration(s) are applied to area traffic capacity evaluation, which leads to different presentation of required bandwidth. 
Initial uplink evaluation results
Spectral efficiency:
[bookmark: OLE_LINK341][bookmark: OLE_LINK342][bookmark: OLE_LINK343]The initial evaluation results for UL average spectral efficiency and UL 5th percentile spectral efficiency under Indoor Hotspot-eMBB are provided in Table 8 and Table 9. As initial evaluation, SU-MIMO can be as a baseline MIMO transmission technology. From initial results, it shows that SU-MIMO can fulfil the ITU requirement very well. Moreover, advanced MIMO transmission technology can be considered in future to enhance spectral efficiency performance, e.g., MU-MIMO.
In RAN1#92 and RAN1#92bis meeting, simulation assumption about FDD and TDD for uplink is discussed and updated agreements are achieved. To align with latest assumptions as much as possible, we evaluate TDD with non-codebook transmission and polish power control parameter for both FDD and TDD to satisfy ITU IoT requirement better which targets IoT smaller than 10dB. 
Note: Non-ideal evaluation assumptions and overhead may be updated in future.
Table 8 Initial UL average spectral efficiency evaluation for 12 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	[bookmark: OLE_LINK186][bookmark: OLE_LINK187]Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)
	Gain

	12 TRxPs Config. A, 4GHz
InH-A
	FDD
	[bookmark: OLE_LINK346][bookmark: OLE_LINK347][bookmark: OLE_LINK348][bookmark: OLE_LINK349][bookmark: OLE_LINK350]4T/32R, (4,4,2,1,1)
	4Tx/32Rx, (4,4,2,1,1)
	6.75
	7.99
	18.31%

	[bookmark: _Hlk505859723][bookmark: OLE_LINK491]12 TRxPs Config. A, 4GHz
InH-A
	TDD,15KHz SCS
	[bookmark: OLE_LINK221][bookmark: OLE_LINK222][bookmark: OLE_LINK377][bookmark: OLE_LINK378]4T/32R, (4,4,2,1,1)
	4Tx/32Rx, (4,4,2,1,1)
	
	8.09
	[bookmark: RANGE!G8]19.92%


Table 9 Initial UL 5th percentile spectral efficiency evaluation for 12 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement 
(bit/s/Hz)
	SEuser
(bit/s/Hz)
	Gain

	12 TRxPs Config. A, 4GHz
InH-A
	FDD
	4T/32R, (4,4,2,1,1)
	4Tx/32Rx, (4,4,2,1,1)
	0.21
	0.54
	154.55%

	12 TRxPs Config. A, 4GHz
InH-A
	TDD,15KHz SCS
	4T/32R, (4,4,2,1,1)
	4Tx/32Rx, (4,4,2,1,1)
	
	0.57
	169.24%


Table 10 Initial UL average spectral efficiency evaluation for 36 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement (bit/s/Hz/TRxP)
	SEavg (bit/s/Hz/TRxP)
	Gain

	12 TRxPs Config. A, 4GHz
InH-A
	FDD
	4T/64R, (4,8,2,1,1)
	4Tx/64Rx, (2,8,2,1,1)
	6.75
	7.20
	6.69%

	12 TRxPs Config. A, 4GHz
InH-A
	TDD,15KHz SCS
	4T/64R, (4,8,2,1,1)
	4Tx/64Rx, (2,8,2,1,1)
	
	7.41
	9.85%


Table 11 Initial UL 5th percentile spectral efficiency evaluation for 36 TRxPs (Indoor Hotspot-eMBB at 4GHz)
	Test environment
	Duplex scheme
	TxRU configuration(No. at transmitter/receiver, configuration at receiver)
	Element configuration(No. at transmitter/receiver, configuration at receiver)
	Requirement 
(bit/s/Hz)
	SEuser
(bit/s/Hz)
	Gain

	12 TRxPs Config. A, 4GHz
InH-A
	FDD
	4T/64R, (4,8,2,1,1)
	4Tx/64Rx, (2,8,2,1,1)
	0.21
	0.40
	90.78%

	12 TRxPs Config. A, 4GHz
InH-A
	TDD,15KHz SCS
	4T/64R, (4,8,2,1,1)
	4Tx/64Rx, (2,8,2,1,1)
	
	0.44
	101.15%


Observation 5: For 12/36 TRxPs topology with sub 6 GHz, NR can fulfil the UL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both FDD and TDD mode.
Observation 6: Even SU-MIMO can fulfil the requirement for uplink. It is possible that reduced number of TxRU at receiver (eNB) can be sufficient to meet the requirement considering antenna size and complexity at eNB.
[bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK192]Proposal 3: Further investigation is needed to find proper antenna configuration for indoor uplink considering antenna size, complexity and performance. 
[bookmark: OLE_LINK122][bookmark: OLE_LINK123]Conclusion
In this contribution, we provide our preliminary evaluation results for Indoor Hotspot-eMBB, we have the following observations and proposals:
Observation 1: For both 12 TRxPs and 36TRxPs topology with sub 6 GHz, NR can fulfil the DL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both TDD and FDD mode. 
Observation 2: Evaluation results on downlink spectral efficiency with 30KHz SCS are slightly worse than 15KHz SCS with the assumption that the simulation bandwidth is not scaled with SCS.
Observation 3: The ITU requirement on area traffic capacity can be met by NR.
Observation 4: More TRxPs can increase the area traffic capacity even when spectral efficiency is lower than that of the case of less TRxPs.
Observation 5: For 12/36 TRxPs topology with sub 6 GHz, NR can fulfil the UL spectral efficiency requirements for the Indoor Hotspot-eMBB test environment in both FDD and TDD mode.
Observation 6: Even SU-MIMO can fulfil the requirement for uplink. It is possible that reduced number of TxRU at receiver (eNB) can be sufficient to meet the requirement considering antenna size and complexity at eNB.
Proposal 1: For downlink spectral efficiency evaluation to meet the requirements, the sufficient antenna configurations can refer to the configurations in Table 5 when the same assumptions in this contribution are applied.
Proposal 2: Further discuss which antenna configuration(s) are applied to area traffic capacity evaluation, which leads to different presentation of required bandwidth. 
Proposal 3: Further investigation is needed to find proper antenna configuration for indoor uplink considering antenna size, complexity and performance. 
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Annex: Evaluation assumptions
In this contribution, the downlink and uplink evaluation assumptions for Indoor Hotspot-eMBB are provided in the following table. 
Table A-1 Evaluation assumption for DL and UL
	Indoor Hotspot - eMBB
	Config. A

	Carrier frequency for evaluation
	4 GHz

	Simulation bandwidth
	[bookmark: _Hlk503186383]FDD: 10M+10M
TDD: 20M

	[bookmark: _Hlk505609006]Slots structure
	[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK159]FDD: paired spectrum, DL + UL
TDD: unpaired spectrum, DSUUD

	Subcarrier spacing
	[bookmark: OLE_LINK162][bookmark: OLE_LINK163]15KHz, 30KHz(TDD only)

	Symbols number per slot
	14

	BS antenna height
	3 m

	Total transmit power per TRxP
	FDD: 21 dBm
TDD: 24 dBm

	UE power class
	23 dBm

	Inter-site distance
	20m

	TRxP number per site
	1
	3

	Mechanic tilt 
	180° in GCS 
	110°in GCS

	Electronic tilt
	90° in LCS
	90° in LCS

	Number of antenna elements per TRxP
	[bookmark: OLE_LINK109][bookmark: OLE_LINK112]16Tx/Rx, (M,N,P,Mg,Ng) = (2,4,2,1,1),
32Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), 
64Tx/4Rx, (M,N,P,Mg,Ng) =  (4,8,2,1,1),
128Tx/4Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1),
256Tx/4Rx,(M,N,P,Mg,Ng) = (8,16,2,1,1),

(dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization
	[bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK129][bookmark: OLE_LINK118][bookmark: OLE_LINK119]64Tx/Rx, (M,N,P,Mg,Ng) = (4,8,2,1,1), 
128Tx/Rx, (M,N,P,Mg,Ng) = (8,8,2,1,1),
256Tx/4Rx,(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
	16TXRU, (M,N,P,Mg,Ng) = (2,4,2,1,1)
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]32TXRU, (Mp,Np,P,Mg,Ng) = (4,4,2,1,1)
	32TXRU, (Mp,Np,P,Mg,Ng) = (2,8,2,1,1)
64TXRU, (Mp,Np,P,Mg,Ng) = (4,8,2,1,1)

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), 
8Tx/Rx, (M,N,P,Mg,Ng) = (1,4,2,1,1), 

(dH,dV) = (0.5, N/A)λ

0°,90° polarization

	Number of TXRU per UE
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1) (1-to-1 mapping)
2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1) (1-to-1 mapping)
8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1) (1-to-1 mapping)

	UE speeds of interest
	3 km/h

	BS noise figure
	5 dB

	UE noise figure
	7 dB 

	BS antenna element gain
	5dBi 

	BS antenna element pattern
	See Table 10 in Report ITU‑R M.2412

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Full buffer 

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5m

	Channel model variant
	Channel model A and B

	UT attachment
	Based on RSRP from port 0

	Wrapping around method
	No wrapping around

	Polarized antenna model
	Model-2 in TR36.873

	TX mode
	SU/MU-MIMO

	scheduler
	PF

	Receiver
	MMSE-IRC

	DL CSI feedback
	10ms period with delay

	DL CSI method
	FDD: CSI Type II codebook based
TDD: full reciprocity based

	NR Type II codebook parameters
	4 beam basis, WB+SB and 8PSK quantification

	HARQ ACK delay
	the next available UL slot

	HARQ retransmission delay
	the next available DL slot after ACK report

	Channel estimation
	ideal

	Interference estimation
	ideal

	UE precoder scheme
	Codebook based for FDD;
Non-codebook based for TDD

	UL CSI derivation
	SRS based with delay

	[bookmark: _Hlk503344422]UL waveform
	OFDM

	IoT
	<10dB

	Overhead
	Refer to our companion contribution [6]. For DL, without NZP CSI-IS IMR



