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Background
The link-level performance metrics and simulation assumptions for NoMA study were agreed in the previous meeting [1][2]. Detailed descriptions have been captured in [3][4].
In this contribution, we present some observations from the evaluation results at link and system level, based on the agreed assumptions. 
Link-level evaluation results 
Performance comparison among symbol-level spreading based schemes with legacy modulator

Case 1-5 in “LLS template – 1” are selected for the evaluations among symbol-level spreading based schemes with legacy modulation, to have good understanding on the property of spreading sequences. The simulation assumptions are listed in Table 1.
[bookmark: _Ref525564798]Table 1 Evaluation assumptions for comparison among symbol-level spreading based schemes
	Simulation case
	For the initial submission in this contribution

	Scenario
	mMTC, 700MHz

	TBS
	10, 20, 40, 60, 75

	# of UEs
	12, 8

	BS antenna 
	2 

	SNR distribution
	Equal

	Waveform
	CP-OFDM

	Channel
	TDL-A, TDL-C
Realistic CE

	Modulation
	QPSK, 16QAM

	MA signature allocation
	Fixed

	Spreading factor
	4

	Receiver
	MMSE-SIC and EPA



By looking at the spreading sequences provided in [3], most of the sequences support spreading factor (SF) = 4 and pool size = 8 or 12. Therefore, representative results based on SF=4 and pool size=8 and 12 are used for the performance comparisons in this contribution.
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	 (a).TBS=10, 12UE, QPSK, RCE
	 (b).TBS=20, 12UE, QPSK, RCE
	 (c).TBS=40, 12UE, QPSK, RCE
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	(d)TBS=60, 8UE, 16QAM, RCE
	(e)TBS=75, 8UE, 16QAM, RCE
	(f) TBS=75, 8UE, 16QAM, RCE (EPA)

	[bookmark: _Ref525827978]Figure 1 Performance comparison among symbol-level spreading based schemes under MMSE-SIC receiver


Figure 1 shows the evaluation results for different spreading sequences, by using the same code rate, modulation order, spreading factor, and implementation of MMSE-SIC receiver. It can be found that for TBS=10bytes as in (a), all the schemes performs similar. While for larger TBS as in (b) - (e), sequences used for MUI and PDMA are slightly inferior to other schemes. The same observation can be found in (f) with EPA receiver as well.
Further analysis on the cross-correlation of the spreading sequences is shown in Table 2. Cross-user interference is primarily determined by the inter-distance or cross correlation between sequences. Welch-bound equality (WBE) is a very useful criterion for the sequence design (). Stricter bounds such as equiangular tight frames (ETF) or harmonic ETF sequences () can also be considered which lead to equal distance (e.g. maximum value of cross-correlation is minimized). In Table 2, it can be found that MUSA/WSMA/NOCA/RSMA/UGMA can achieve WBE, and NCMA without quantization can achieve ETF and WBE (not strictly achieved mainly due to the interception of decimal places).
Due to higher summation of squared cross-correlation (i.e. WBE is not satisfied), MUI and PDMA sequences perform slightly worse than other sequences. And there is no performance difference among the WBE well-achieved (or approximately achieved) sequences (i.e. MUSA/NCMA/WSMA/NOCA/RSMA/UGMA), although the ETF is not satisfied except NCMA without quantization. 
[bookmark: _Ref525828679]Table 2 Cross-correlation properties of spreading sequences
	Type of spreading sequences
	[min, max]
L=4, K= 12
(ETF = 0.4264)
	Sum of squares
L=4, K= 12
(WBE = 24)
	[min, max]
L=4, K= 8
(ETF = 0.378)
	Sum of squares
L=4, K= 8
(WBE = 8)

	MUSA
(first K sequences)
	[0, 0.5]
	24
	[0, 0.5]
	8

	RSMA
	[0, 0.8365]
	24
	[0, 0.6533]
	8

	WSMA
	[0.035 0.7038]
	24.003
	[0.083 0.6166]
	8.003

	NOCA 
(selected roots)
	[0, 0.5]
	24
	[0, 0.5]
	8

	NCMA 
(Quantized-64)
	[0.1819, 0.5838]
	26.2344
	[0.2199, 0.5123]
	8.3166

	NCMA 
(Original)
	[0.4233, 0.4491]
	25.9995
	[0.3801, 0.3917]
	8.4754

	UGMA
	[0.0481, 0.9050]
	26.2849
	[0.036, 0.7362]
	9.3788

	MUI
	[0, 0.866]
	29.5001
	/
	/

	PDMA (type 2)
	[0, 0.8165]
	32
	[0, 0.7071]
	10



Observation 1:
Schemes based on symbol-level spreading and legacy modulation have the similar link-level performance, in particular if the sequences meet WBE.
Proposal 1: 
· The design principle for the spreading sequences should be prioritized in the NOMA SI
· Target to achieve WBE criterion
· ETF criterion has less impact

Performance comparison of MUSA between different spreading factors
It has been analyzed in [5] that there is a trade-off of spreading factor between per UE performance and overloading capability for the design of symbol-level spreading based NOMA schemes, as can be found in Figure 2. Shorter spreading which can keep the coding rate low performs better when the overloading is not very high. This is mainly because that the inter-user interference is not very severe and short spreading factor can ensure low cross-correlation among UEs, and compared with longer spreading with higher coding rate, the performance loss due to the loss of coding gain at the bit level is smaller. Longer spreading factor is beneficial for high overloading cases, due to lower cross-correlation property among spreading sequences and better interference rejection by MMSE equalization together with de-spreading. For example, when the number of UE is higher than 10 and TB size is 60 bytes, low spreading factor such as 2~4 cannot achieve 0.1 BLER, while spreading factor of 6 still works. It is worth mentioning that larger spreading factor will result in higher receiver complexity, i.e. the dimension of matrix inversion of MMSE is enlarged for the joint channel equalization and de-spreading processing.
In addition, the optimal spreading factor and modulation order for different cases are listed in Table 3, where it is quite clear to observe the trend that larger SF is suitable for higher number of UEs.
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[bookmark: _Ref525844602]Figure 2 Performance comparison between different spreading lengths.
[bookmark: _Ref525844549]Table 3 Optimal spreading factor and modulation order for different cases.
	TB_size(byte)
	Number of UEs
	Optimal spreading factor
	Modulation

	10
	1
	2
	QPSK

	
	4
	2
	QPSK

	
	8
	2
	QPSK

	
	12
	2
	QPSK

	
	16
	2
	QPSK

	
	20
	2
	QPSK

	20
	1
	2
	[bookmark: OLE_LINK1]QPSK

	
	4
	2
	QPSK

	
	8
	2
	QPSK

	
	12
	2
	QPSK

	
	16
	2
	QPSK

	
	20
	4
	QPSK

	40
	1
	2
	[bookmark: OLE_LINK2]QPSK

	
	4
	2
	QPSK

	
	6
	2
	QPSK

	
	8
	2
	QPSK

	
	10
	2
	QPSK

	
	12
	4
	QPSK

	60
	1
	2
	QPSK

	
	4
	2
	QPSK

	
	6
	2
	QPSK

	
	8
	3
	16QAM

	
	10
	4
	16QAM

	
	12
	6
	64QAM

	75
	1
	2
	QPSK

	
	4
	2
	QPSK

	
	6
	2
	QPSK

	
	8
	4
	16QAM

	
	10
	6
	64QAM



Observation 2: Low code rate is beneficial when the overloading is not very high, while low inter-user interference is beneficial for high overloading cases. 
Proposal 2: 
· Symbol-level spreading based NOMA schemes should be prioritized in the NOMA SI
· Configurable spreading factor should be considered.
· Non-spreading can be considered as a special case with spreading factor = 1.
PAPR for symbol-level spreading
The PAPR performance evaluations are illustrated in Figure 3. It can be found that OFDM symbol-level (time domain) spreading can achieve the PAPR as low as the normal CP-OFDM or DFT-s-OFDM (i.e. SF=1 or without spreading). For CP-OFDM, RE-level (frequency domain) spreading has higher PAPR due to the imposed correlation among adjacent sub-carriers, while additional cell-specific scrambling or interleaving can randomize the correlation and thus reduce the PAPR. The same observations hold for different modulation orders such as QPSK, 16QAM and 64QAM.
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[bookmark: _Ref525928274]Figure 3 CCDF of PAPR for different implementation of symbol-level spreading
Proposal 3: 
· Both time-domain (OFDM-symbol level) and frequency-domain (RE level) spreading can be considered for the power limited cases.
· Cell-specific scrambling/interleaving can be applied in case of frequency-domain symbol-level spreading

Performance comparison of MUSA between MMSE-hard IC and EPA-soft IC
It was claimed in [6] that symbol-level spreading with multi-dimensional modulation can achieve certain “shaping gain” compared with legacy modulation, especially at large TBS. However, we noticed that the comparisons were a bit unfair because different receivers were used for the two schemes. Intuitively, more complicated receiver can be applied to achieve better performance. So it is unclear whether the performance difference is due to more decoding effort at the receiver side or “shaping gain” from the Tx point of view. 
In this section, we take MUSA as an example of symbol-level spreading with legacy modulation, to evaluate the results with MMSE-hard IC and EPA-soft IC. The performance comparison can be found in Figure 4.
It can be observed that for small TBS and less number of UEs, the results are similar. For large TBS and more number of UEs, soft-input-soft-output receiver can achieve better performance when the total spectral efficiency is high, with the cost of receiver complexity.
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[bookmark: _Ref525936760]Figure 4 Performance comparison of MUSA between MMSE-hard IC and EPA-soft IC
Observation 3:
· NOMA schemes by using soft-input-soft-output receiver can achieve better performance when the total spectral efficiency is high, with the cost of receiver complexity.
Proposal 4:
· Performance comparison should be based on the same receiver or at same level of receiver complexity.
Performance comparison between fixed and random MA signature allocation
NOMA is a natural PHY component for contention-based data transmissions, including both RRC configured grant with random activation and data transmission in RRC_Inactive state with the resources randomly selected from the predefined pools. The latter can further simplify the procedures and thus reduce the signalling overhead and power consumption, and can potentially support large number of connections with more flexible configurations.
One of the major issue for random selection based data transmission is the potential collision of MA signature. A good design should have large pool size of MA signatures including reference signal. In this section, an “1 ms preamble + 1ms data” channel structure is proposed, and the performance evaluation is conducted taking into account the realistic impairments such as timing offset from [0, 1.5CP], frequency offset from [-70, 70]Hz, unequal SNR distribution from [-3, 3]dB. Realistic UE identification and channel estimation is done by the detection of preamble. MUSA sequence with length-4 spreading is applied on the data part, where the pool size of spreading sequences is 64 or 96 and each sequence is 1-to-1 mapped with a preamble sequence. Two windows ([0, CP] and [0.5CP, 1.5CP]) are assumed for the preamble detection at receiver side, and MMSE-hard SIC receiver is implemented for the decoding of UEs in each of the window.
[image: ]
[bookmark: _Ref525931199]Figure 5 Evaluation results for random selection and asynchronous transmission
The evaluation results can be found in Figure 4, where “fixed” means pre-allocated without collision and “random” is with collision. It can be found that performance loss due to random collision of MA signature including RS is acceptable when the overloading factor is not very high. For more UEs, larger pool size can be applied to alleviate the collision issue.
Observation 4:
“Preamble + data” channel structure performs reasonably well in async operation with random selection of MA signature.
Proposal 5: 
· Async operation with random selection of MA signature should be 
· “Preamble + data” channel structure should be considered
· Preamble compatible with current NR design as the starting point.

System-level evaluation results
System level evaluation results are summarized in this section, detailed evaluation assumptions and more simulation results can be found in our companion contribution [7].
mMTC
For mMTC, two scenarios including configured grant and grant free with random selection are evaluated. For the former, the transmission resources including time/frequency resource and DMRS are preconfigured, and there is no DMRS collision. For the latter, transmission resource and MA signature (including DMRS and/or spreading code) are randomly selected by each UE, and MA signature collision exists.
Figure 6 (a) shows the packet drop rate (PDR) performances in configured grant scenario for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and NOMA with MMSE-PIC receiver. From the figure, we can observe that the supported packet arrival rate (PAR) at PDR = 1% for NOMA is the double of that for baseline with MMSE-IRC receiver, and is about 50% higher than that for baseline with MMSE-PIC receiver.
Figure 6 (b) shows the PDR performances in the scenario of grant free with random selection for baseline, DMRS based NOMA, and data-only based NOMA. From the figure, we can observe that the supported PAR at PDR = 1% for DMRS based NOMA is the double of that for baseline, and data-only based NOMA has better performance at low traffic load.
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(a) Packet drop rate for mMTC configured grant
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 (b) Packet drop rate for mMTC grant free with random selection


[bookmark: _Ref525932326]Figure 6 Simulation results for mMTC
URLLC
For URLLC, configured grant scenario is simulated, the transmission resources are preconfigured, and there is no DMRS collision. Figure 7 shows the percentages of users satisfying reliability and latency requirements for baseline and NOMA with 60 or 200bytes packet size. From these results we can observe that the supported PAR at target percentage = 95% for NOMA would be almost 2~3 times of that for baseline, even with MMSE-IRC receiver. With MMSE-PIC receiver, the percentage of users satisfying requirements is increased for baseline, however, for NOMA, the performance improvement is very small, due to the packet error rate is very low with MMSE-IRC receiver. In addition, we can see that the performances with 200bytes packet size are decreased relative to that with 60bytes packet size.
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(a) Percentage of UEs satisfying requirements for 4GHz + 200m and packet size = 60bytes
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 (b) Percentage of UEs satisfying requirements for 4GHz + 200m and packet size = 200bytes


[bookmark: _Ref525932368]Figure 7 Simulation results for URLLC
eMBB
For eMBB, the scenario of configured grant with no DMRS collision is also firstly simulated. Figure 8 (a) shows the PDR performances for baseline with MMSE-IRC receiver or MMSE-PIC receiver, and NOMA with MMSE-PIC receiver. From the figure, we can observe that the supported PAR at PDR = 1% for NOMA is more than 2 times of that for baseline with MMSE-IRC receiver, and is more than 50% higher than that for baseline with MMSE-PIC receiver.
The distributions of maximal number of UEs per transmission resource is shown in Figure 8 (b) for baseline and NOMA. It can be observed that the maximum number of UEs per transmission resource is increasing with the traffic load, and the distribution for NOMA is relatively higher than that for baseline because that multiple basic resources would be used after spreading and more users would use the same transmission resource. For NOMA, the maximal number of UEs per transmission resource would be 16 at PAR = 2000 packet/s/cell, where PDR = 1% can be reached. It means that DMRS enhancement is necessary to support more users transmitted on the same resources by NOMA.
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(a) Packet drop rate
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 (b) Max number of UEs per Tx resource


[bookmark: _Ref525932396]Figure 8 Simulation results for eMBB
Observation 5: For mMTC configured grant scenario, the supported packet arrival rate (PAR) at packet drop rate (PDR) = 1% for NOMA is the double of that for baseline with MMSE-IRC receiver, and is about 50% higher than that for baseline with MMSE-PIC receiver.
Observation 6: For mMTC grant free with random selection scenario, the supported PAR at PDR = 1% for DMRS based NOMA is the double of that for baseline, and data-only based NOMA has better performance at low traffic load.
Observation 7: For URLLC configured grant scenario, the supported PAR at target percentage of users satisfying requirements = 95% for NOMA would be almost 2~3 times of that for baseline, even with MMSE-IRC receiver. And the performances with 200 bytes packet size are decreased relative to that with 60bytes packet size.
Observation 8: For eMBB configured grant scenario, the supported PAR at PDR = 1% for NOMA is more than 2 times of that for baseline with MMSE-IRC receiver, and is more than 50% higher than that for baseline with MMSE-PIC receiver.
Observation 9: DMRS enhancement is necessary to support more users transmitted on the same resources by NOMA.

Conclusions
Observation 1: Schemes based on symbol-level spreading and legacy modulation have the similar link-level performance, in particular if the sequences meet WBE.
Observation 2: Low code rate is beneficial when the overloading is not very high, while low inter-user interference is beneficial for high overloading cases. 
Observation 3: NOMA schemes by using soft-input-soft-output receiver can achieve better performance when the total spectral efficiency is high, with the cost of receiver complexity.
Observation 4: “Preamble + data” channel structure performs reasonably well in async operation with random selection of MA signature.
Observation 5: For mMTC configured grant scenario, the supported packet arrival rate (PAR) at packet drop rate (PDR) = 1% for NOMA is the double of that for baseline with MMSE-IRC receiver, and is about 50% higher than that for baseline with MMSE-PIC receiver.
Observation 6: For mMTC grant free with random selection scenario, the supported PAR at PDR = 1% for DMRS based NOMA is the double of that for baseline, and data-only based NOMA has better performance at low traffic load.
Observation 7: For URLLC configured grant scenario, the supported PAR at target percentage of users satisfying requirements = 95% for NOMA would be almost 2~3 times of that for baseline, even with MMSE-IRC receiver. And the performances with 200 bytes packet size are decreased relative to that with 60bytes packet size.
Observation 8: For eMBB configured grant scenario, the supported PAR at PDR = 1% for NOMA is more than 2 times of that for baseline with MMSE-IRC receiver, and is more than 50% higher than that for baseline with MMSE-PIC receiver.
Observation 9: DMRS enhancement is necessary to support more users transmitted on the same resources by NOMA.

Proposal 1: 
· The design principle for the spreading sequences should be prioritized in the NOMA SI
· Target to achieve WBE criterion
· ETF criterion has less impact
Proposal 2: 
· Symbol-level spreading based NOMA schemes should be prioritized in the NOMA SI
· Configurable spreading factor should be considered.
· Non-spreading can be considered as a special case with spreading factor = 1.
Proposal 3: 
· Both time-domain (OFDM-symbol level) and frequency-domain (RE level) spreading can be considered for the power limited cases.
· Cell-specific scrambling/interleaving can be applied in case of frequency-domain symbol-level spreading.
Proposal 4:
· Performance comparison should be based on the same receiver or at same level of receiver complexity.
Proposal 5: 
· Async operation with random selection of MA signature should be 
· “Preamble + data” channel structure should be considered
· Preamble compatible with current NR design as the starting point.
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Appendix 1

Table A1 Simulation assumptions for link-level evaluations
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 
700 MHz as optional
	　

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	　

	
	
	
	
	

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC 
mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	
	
	

	
	
	

	Numerology (data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4
	SCS = 15 kHz
#OS = 14
	　

	
	
	
	
	

	
	
	
	
	

	Allocated bandwidth
	6 as the starting point
	12 for 60 kHz SCS and 24 for 30kHz SCS as the starting point
	12 as the starting point
	For high payload such as 75 bytes, larger number of RBs can be considered.

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.
	For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4

	
	
	
	
	

	Target BLER for one transmission
	10%
	0.10%
	10%
	　

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 
	Companies are encouraged to perform evaluations with various number of UEs
Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	
	
	

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4 Rx or 8 Rx for 4 GHz 
8 Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	
	
	

	
	
	

	UE antenna configuration
	1 Tx  
	　

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h, CDL optional
	　

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.
	　

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation
	Reuse the NR design for evaluation purpose for number of DMRS ports <= 12; (Other DMRS designs are not precluded for the NOMA study)
For number of DMRS ports > 12, The DMRS overhead should not be less than NR design for evaluation purpose

	
	
	

	
	
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the per UE average SNR in dB, and the deviation  [a=3]
SNR is defined as the mean received power over the allocated bandwidth per OFDM symbol carrying data, divided by noise power per OFDM symbol within the allocated bandwidth.

	
	
	
	
	

	Timing offset
	0 as starting point. 
For grant-free without perfect TA (asynchronous), value is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: y = NCP/2 
· Case 2: y = 1.5*NCP
For all UEs in Case 1 or all UEs in Case 2, TO values for each UE for each transmission are i.i.d. from uniform distribution [0, y], and independent between UEs.
For mixed sync and async, X% of UEs with zero TO and (100-X)% with non-zero TO
· X = 80
· Other values are not precluded
	

	Frequency error
	0 as starting point. 
Also evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between -140 and 140 Hz for 4GHz carrier frequency.
	　

	Traffic model for link level
	Full buffer as starting point. 
Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.
	　

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. 
AWGN curves can be provided also.
	　

	
	
	



Table 5 Simulation assumptions for system-level evaluations
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Layout
	Single layer - Macro layer: Hex. Grid
	　

	Inter-BS distance
	1732m
	200m for 4GHz
500m for 700MHz
	200m
	　

	Carrier frequency
	700MHz
	4GHz or 700MHz
	4GHz
	　

	Simulation bandwidth
	6 PRBs as starting point
	12 PRBs
	12 PRBs
	Clarify the simulation bandwidth in the SLS assumptions is the bandwidth for uplink transmission.

	Number of UEs per cell
	Companies report
	　

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.
	　

	UE Tx power
	Max 23 dBm
	　

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;
2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: companies to report, FFS a single value

4 Rx or 16 Rx for 4GHz;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt: companies to report, FFS a single value
	　

	BS antenna height
	25m
	　

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss
	　

	BS receiver noise figure
	5dB
	　

	UE antenna configuration
	1Tx as starting point
	　

	UE antenna height
	Follow the modelling of TR 38.901
	　

	UE antenna gain
	0dBi as starting point
	　

	UE distribution
	For mMTC:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

For URLLC:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell;
Note: Other option(s) not precluded, e.g., 500m ISD, 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h).

For eMBB:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	　

	UE power control
	Open loop PC for mMTC. Companies report the PC mechanisms used for eMBB and URLLC.
	　

	HARQ/repetition
	Companies report (including HARQ mechanisms).
	　

	Channel estimation
	Realistic
	　

	BS receiver
	Advanced receiver, with baseline scheme is MU-MIMO (e.g., has the capability of spatial differentiation)
Companies to provide analysis of complexity between baseline vs. advanced receivers
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