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Introduction
In RAN#99 meeting, a new Study Item on submission of satellite radio interface of IMT-2020 was approved [1]. In this contribution, methodologies and configurations for the evaluation of technical performance of eMBB-s, mMTC-s and HRC-s are discussed.
Assessment methods
According to Report ITU-R M.2514 [2], the performance requirements of satellite radio interface of IMT-2020 is as below in Table 1, together with their three high-level assessment methods:
–	Simulation (including system-level and link-level simulations, according to the principles of the simulation procedure given in Report ITU-R M.2412).
–	Analytical (via calculation or mathematical analysis). 
–	Inspection (by reviewing the functionality and parameterization of the proposal).
Table 1 also shows the relationship between characteristic for evaluation in 3GPP Study Item, requirement description in ITU-R M.2514 and related evaluation methodology in ITU-R M.2412 [3].
[bookmark: _Ref131063658]Table 1: Summary of evaluation methodologies
	Characteristic for evaluation (KPI in 3GPP Study Item RP-230736)
	High-level assessment method
	Requirement description in Reports ITU-R M.2514
	Related evaluation methodology in Report ITU-R M.2412-0

	Peak data rate
	Analytical
	§ 7.2.1
	M.2412, § 7.2.2

	Peak spectral efficiency
	Analytical
	§ 7.2.2
	M.2412, § 7.2.1

	User experienced data rate
	Simulation and Analytical
	§ 7.2.3
	M.2412, § 7.2.3

	5th percentile user spectral efficiency
	Simulation
	§ 7.2.4
	M.2412, § 7.1.2

	Average spectral efficiency
	Simulation 
	§ 7.2.5
	M.2412, § 7.1.1

	Area traffic capacity
	Simulation and Analytical
	§ 7.2.6
	M.2412, § 7.2.4

	User plane latency
	Analytical and Inspection
	§ 7.2.7.1
	M.2412, § 7.2.6

	Control plane latency
	Analytical and Inspection
	§ 7.2.7.2
	M.2412, § 7.2.5

	Connection density
	Simulation
	§ 7.2.8
	M.2412, § 7.1.3

	Energy efficiency
	Inspection
	§ 7.2.9
	M.2412, § 7.3.2

	Reliability
	Simulation
	§ 7.2.10
	M.2412, § 7.1.5

	Mobility
	Simulation
	§ 7.2.11
	M.2412, § 7.1.4

	Mobility interruption time
	Analytical
	§ 7.2.12
	M.2412, § 7.2.7

	Bandwidth
	Inspection
	§ 7.2.13
	M.2412, § 7.3.1


This contribution discusses methodologies and configurations for the evaluation of these characteristics, categorized by the three high-level assessment methods.
System simulation procedures
Common evaluation methodology
Transparent payload and regenerative payload
Section 6.3 of Report ITU-R M.2514 gives two typical system scenarios whereby the satellite implements respectively a transparent and a regenerative payload, as illustrated in Figure 1. According to Rel-17 NR NTN WID [4] and Rel-17 IoT NTN WID [5], Rel-17 only targets for transparent payload. According to section 16.14 of TS 38.300 [6] and section 4.12 of TS 36.300 [7], Rel-17 specification provides explicit support only for transparent payload. 
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[bookmark: _Ref131442318]Figure 1: Example of typical system scenarios whereby the satellite implements respectively a transparent and a regenerative payload
Observation 1: Rel-17 NR NTN WID and Rel-17 IoT NTN WID only target transparent payload, and Rel-17 specification (including both 38 serial and 36 serial) provides explicit support only for transparent payload.
The self-evaluation study item [1] mentioned “study shall start with evaluating features that are supported by Rel-17 NTN (NR NTN + IoT NTN)”, so we suggest satellite self-evaluation focus on transparent payload only. 

From another aspect, both transparent payload and regenerative payload are studied with outcome documented in TR 38.821 [8]. According to the technical report, most of the solutions identified in the study applies for both transparent payload and regenerative payload, especially the Layer-1 and Layer-2 related solutions. Then most of the Rel-17 specifications developed with transparent payload as a target can apply for regenerative payload (with full gNB onboard) as well, and remaining issue to be solved for the support of regenerative payload (with full gNB onboard) may be very limited if any.

Observation 2: Most of the Rel-17 specifications developed with transparent payload as a target can apply for regenerative payload (with full gNB onboard) as well, and remaining issue to be solved for the support of regenerative payload (with full gNB onboard) may be very limited if any. 
In the case of a transparent satellite, the base station is located on the ground, e.g. at the gateway earth station. In the case of a regenerative satellite, the base station is located on board the satellite.  The distance between UE and base station of transparent satellite is larger than that of regenerative satellite. Owing to the longer distance and hence longer delay between UE and base station for transparent payload, it is harder for transparent payload than for regenerative payload to meet the requirements of in Report ITU-R M.2514. So, if transparent payload can fulfill the requirements for satellite, then regenerative payload is very likely to fulfill the requirements as well. If RAN can check and confirm regenerative payload be supported by Rel-17 specifications, then the evaluation results for transparent payload can be used as a reference for regenerative payload for ITU submission.
Proposal 1: Satellite self-evaluation focuses on transparent payload only. If RAN can check and confirm regenerative payload be supported by Rel-17 specifications, then the evaluation results for transparent payload can be used as a reference for regenerative payload for ITU submission.

Channel model
According to the description of channel model in section 8.2.2 of Report ITU-R M.2514:
The channel modelling should take advantage of the IMT-2020 advances in channel modelling and follow the principles of the methodologies outlined in Report ITU-R M.2412 Annex 1 with needed adaptations identified by the proponents to capture aspects relevant for satellite access.
Alternatively, the model described in Report ITU-R M.2176 can be followed.
General aspects such as path loss, LOS probability, shadow fading, outdoor-to-indoor building penetration loss and fast fading should be modelled and capture the specifics of the simulated test environment. Satellite access specific aspects such as atmospheric absorption, ionospheric scintillation, and faraday rotation should be considered when required by the evaluation methodology.
The channel models defined in Report ITU-R M.2412 Annex 1 are used to evaluate terrestrial network performance, and some aspects need to adapt for satellite access. Section 6 of TR 38.811 [8] provides Non-Terrestrial Networks (NTNs) channel models which are used for Rel-16 NTN system-level simulation. The adaptation of the channel model include：.
–	Section 6.6.1 of [8] provides model of LOS probability.
–	Section 6.6.2 of [8] provides models of path loss and shadow fading.
–	Section 6.6.3 of [8] provides model of O2I building penetration loss.
–	Section 6.6.4 of [8] provides model of atmospheric absorption
–	Section 6.6.6.1 of [8]  provides model of ionospheric scintillation.
–	Section 6.7.2 of [8] provides model of fast fading based on TR 38.901.
–	Section 6.8.2 of [8] provides model of faraday rotation.
Besides, section 6.9 of TR 38.811 [8] provides NTN channel models for link level simulations, including CDL models and TDL models. For the performance which are evaluated by link level simulations, i.e., connection density, mobility and reliability, the link level channel model in section 6.9 of TR 38.811 can be an adaptation of the CDL and TDL models in Report ITU-R M.2412 Annex 1.
Based on above analysis, the following proposal is derived.
Proposal 2: The channel model in section 6 of TR 38.811 can be viewed as an adaptation for satellite evaluation on top of terrestrial evaluation and can be used for satellite self-evaluation.

Wrap around mechanism
According to Table 1 in section 8.2.3 of Report ITU-R M.2514, the spot beam pattern is hexagonal pattern with at least 19 spot beams, and influence of adjacent beam interference on the results should be accounted for (e.g. by collecting statistics only from the inner spot beams).
The wrap around mechanism has an important impact on the interference calculation. Traditionally, the wrap around mechanism used in system level simulations refers to a mirroring effect of the surrounding cells/beams so that the computational load of the simulations can be reduced. However, these types of schemes are not applicable in NTN context except in the specific case of central beam at nadir (90° elevation). Therefore, for the evaluation, all the additional surrounding beams should be simulated independently.
As a consequence, a new wrap around mechanism is introduced in case of single satellite simulation for intra-satellite interference modelling based on additional bore-sight beam directions in section 6.1.1.1 of TR 38.821 [9]. In particular, the wrap-around mechanism is illustrated as follows:
●	For FRF = 1, two additional tiers of beams are considered in the simulation surrounding the 19-beam layout (cf. Figure 2– FRF=1).
●	For FRF > 1, four additional tiers of beams are considered in the simulation surrounding the 19-beam layout (cf. Figure 2 – FRF=3).
●	Considering a UE attached to a beam, in the DL/UL all remaining beams are treated as interference as long as these beams are sharing the same frequency band/polarization (cf. Figure 3).
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[bookmark: _Ref131428762]Figure 2: Illustrations of the additional tiers of beams to be wrapped around based on the FRF configurations [9]
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[bookmark: _Ref131428804]Figure 3: Definition of the interfering beams to be considered [9]
In order to reduce workload of satellite self-evaluation, it is proposed that,
Proposal 3: Reuse the wrap around mechanism in section 6.1.1.1 of TR 38.821 for satellite self-evaluation.
Average spectral efficiency and 5th percentile user spectral efficiency
Among the eMBB-s requirements, average spectral efficiency and 5th percentile user spectral efficiency need system level simulation efforts and use the same evaluation configurations. 
In the following, considerations on evaluation methodologies and evaluation configurations for eMBB-s spectral efficiency are provided.
Evaluation methodology for average spectral efficiency
According to Table 1, the requirement of average spectral efficiency is described in section 7.2.5 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.1.1 of Report ITU-R M.2412.
According to section 7.1.1 of Report ITU-R M.2412, the estimated average spectral efficiency resulting is given by:

where  is the estimated average spectral efficiency, Ndrops is the number of drops, Ri (T) denote the number of correctly received bits by user i (i = 1,…N) (downlink) or from user i (uplink), N is the number of users, M is the number of Transmission Reception Points (TRxPs) and W denote the channel bandwidth and T the time over which the data bits are received.
 will approach the actual average with an increasing number of Ndrops and  is the simulated total number of correctly received bits for user i in drop j.
It can be observed that the evaluation methodology of section 7.1.1 of Report ITU-R M.2412 can be used to evaluate average spectral efficiency in satellite self-evaluation as well, and no additional adaptation needed.
Observation 3: It is reasonable that the formula in section 7.1.1 of Report ITU-R M.2412 is reused to estimate average spectral efficiency.
Evaluation methodology for 5th percentile user spectral efficiency
According to Table 1, the requirement of 5th percentile user spectral efficiency is described in section 7.2.4 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.1.2 of Report ITU-R M.2412.
According to section 7.1.2 of Report ITU-R M.2412, the rate normalised by service time Ti and channel bandwidth W of user i in drop j, , is:
= 
where user i in drop j correctly decode  accumulated bits in [0, T], Ti = T for full buffer case.
Running Ndrops simulations leads to Ndrops × N values of  of which the lowest 5th percentile point of the CDF is used to estimate the 5th percentile user spectral efficiency.
It can be observed that the evaluation methodology of section 7.1.2 of Report ITU-R M.2412 can be used to evaluate 5th percentile user spectral efficiency in satellite self-evaluation as well, and no additional adaptation needed.

Observation 4: It is reasonable that the formula in section 7.1.2 of Report ITU-R M.2412 is reused to estimate 5th percentile user spectral efficiency.
Evaluation configurations
The example parameters for Rural-eMBB-s evaluation in section 8.2.3 of Report ITU-R M.2514 are summarized in Table 2.
[bookmark: _Ref131067906]Table 2: Example parameters used in evaluations for Rural-eMBB-s
	Parameters
	Rural-eMBB-s

	Terminal type
	Handheld

	Satellite orbit configuration
	LEO, 600 km altitude

	Spot beam pattern 
	Hexagonal pattern, at least 19 spot beams
Influence of adjacent beam interference on the results should be accounted for, 
e.g. by collecting statistics only from the inner spot beams

	Service link frequency
	2 GHz 

	Channel bandwidth
	30 MHz

	3 dB beam width
	4.41 degrees

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	Device deployment
	100% outdoor, randomly and uniformly distributed over the area

	UE density
	10 UEs per spot beam

	UE mobility model
	For mobility evaluations: 
Fixed and identical speed of 250 km/h of all UEs, randomly and uniformly distributed direction.
For all other evaluations: Stationary

	Traffic model
	Full buffer 

	UE antenna height
	1.5 m

	UE Antenna type and configuration
	Omni-directional

	UE polarisation
	Linear: ±45°X-pol

	UE antenna gain (dBi)
	0

	UE antenna temperature (K)
	290

	UE noise figure (dB)
	7

	UE tx transmit power
	200 mW (23 dBm)


Most of the example parameters in section 8.2.3 of Report ITU-R M.2514 are the same as Rel-16 NTN calibration study case 9 or 10 in Table 6.1.1.1-9 (Table 9 in Appendix A) of TR 38.821 [9], i.e., satellite orbit with LEO-600, satellite parameter set with set 1, central beam elevation angle with 90 degree, terminal with handheld, frequency band with S-band, frequency reuse with factor 1 and 3 for case 9 and case 10, respectively.
Nevertheless, the satellite antenna pattern, satellite polarization configuration, central beam elevation, frequency reuse parameters and number of UE antenna elements are not provided in Table 2. Base on above analysis, satellite antenna pattern referring to section 6.4.1 in TR 38.811 [8], satellite uses circular polarization, central elevation angle with 90 degree and frequency reuse factor with 1 or 3 can be used as starting point parameters for evaluation against ITU-R eMBB-s requirement. In addition, the number of UE antenna elements used for Rural- eMBB test environments is up to 4 Tx/Rx and 8 Tx/Rx for 700 MHz and 4 GHz carrier frequency respectively in Report ITU-R M.2412 TABLE5 c). Considering the carrier frequency in Table 2 is 2 GHz, the parameter of UE antenna number can be up to 4 Tx/Rx. The above parameters and their configurations are summarized in Table 3.
Proposal 4: The additional parameters listed in Table 3 are added on top of example parameters in section 8.2.3 of Report ITU-R M.2514 for Rural-eMBB-s evaluation.
[bookmark: _Ref130835744]Table 3: Adding parameters for Rural-eMBB-s
	Parameters
	Rural-eMBB-s

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811  [8]

	Satellite polarization configuration
	Circular

	Central beam elevation
	90 degrees

	Frequency reuse
	1 or 3

	Number of UE antenna elements
	Up to 4 Tx/Rx


Since the calibration results provided in TR 38.821 for Rel-16 NTN calibration include the example scenario in M.2514, and most of the system-level parameters in TR 38.821 are the same as satellite self-evaluation, companies are encouraged to provide calibration curve aligned with Rel-16 NTN calibration case 9 and case 10 in TR 38.821 when providing satellite system-level simulation results for ITU submission. To keep workload at a reasonable level, no more calibrations are needed with new parameters.
Proposal 5: Companies are encouraged to provide calibration curves aligned with TR 38.821 calibration case 9 or case 10 when providing satellite self-evaluation results. Then there is no need for additional cross-company calibration.
Connection density
According to the objectives in SID [1], 
c) Provide self-evaluation results against technical performance requirements for mMTC-s as defined in Report ITU-R M.2514 [RAN ITU-R Ad-Hoc, RAN1, RAN2], including
· Connection density
IoT NTN will at least target self-evaluation against bullets c) and e) technical requirements, and NR NTN will target self-evaluation against all technical requirements (in bullets b) to e)).
Both IoT NTN and NR NTN will target self-evaluation against technical performance requirements for mMTC-s as defined in Report ITU-R M.2514, and connection density is included. 
In the following, evaluation methodology and evaluation configurations for connection density are discussed.
Evaluation methodology
According to Table 1, the requirement of connection density is described in section 7.2.8 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.1.3 of Report ITU-R M.2412.
According to Report ITU-R M.2514, connection density is defined as follows.
Connection density is the total number of devices fulfilling a specific quality of service (QoS) per unit area (per km2).
However, there is no description of QoS in Report ITU-R M.2154. According to section 4.8 of Report ITU-R M.2410 (corresponding to the requirements of Report ITU-R M.2412), the target QoS is defined as follows.
The target QoS is to support delivery of a message of a certain size within a certain time and with a certain success probability, as specified in Report ITU-R M.2412-0.
According to Report ITU-R M.2412, there are two possible evaluation methods to evaluate connection density requirements:
−	non-full buffer system-level simulation;
−	full-buffer system-level simulation followed by link-level simulation.
The procedure of non-full buffer system-level simulation is listed as follows (copy from M.2412).
The following steps are used to evaluate the connection density based on non-full buffer system-level simulation. Traffic model used in this method is defined in Table 8-2 in § 8.4 of this Report.
Step 1:	Set system user number per TRxP as N.
Step 2:	Generate the user packet according to the traffic model.
Step 3:	Run non-full buffer system-level simulation to obtain the packet outage rate. The outage rate is defined as the ratio of the number of packets that failed to be delivered to the destination receiver within a transmission delay of less than or equal to 10s to the total number of packets generated in Step 2.
Step 4:	Change the value of N and repeat Step 2-3 to obtain the system user number per TRxP N’ satisfying the packet outage rate of 1%.
Step 5:	Calculate connection density by equation C = N’ / A, where the TRxP area A is calculated as A = ISD2 × sqrt(3)/6, and ISD is the inter-site distance.
The requirement is fulfilled if the connection density C is greater than or equal to the connection density requirement defined in Report ITU-R M.2410-0.
The simulation bandwidth used to fulfill the requirement should be reported. Additionally, it is encouraged to report the connection efficiency (measured as N’ divided by simulation bandwidth) for the achieved connection density.
The target QoS for non-full buffer system-level simulation can be illustrated as below: a message of a certain size means one message with packet size S=32 byte (which is the Layer 2 PDU message size), a certain time means 10 s, a certain success probability means packet outage rate of 1%.
The procedure of full-buffer system-level simulation followed by link-level simulation is listed as follows (copy from M.2412).
The following steps are used to evaluate the connection density based on full-buffer system-level simulation followed by link-level simulation. Traffic model used in this method is defined in Table 8‑3 in § 8.4 of this Report.
Step 1:	Perform full-buffer system-level simulation using the evaluation parameters for Urban Macro-mMTC test environment, determine the uplink SINRi for each percentile i=1…99 of the distribution over users, and record the average allocated user bandwidth Wuser.
–	In case UE multiplexing on the same time/frequency resource is modelled in this step, record the average number of multiplexed users Nmux. Nmux = 1 for no UE multiplexing.
Step 2:	Perform link-level simulation and determine the achievable user data rate Ri for the recoded SINRi and Wuser values. 
–	In case UE multiplexing on the same time/frequency resource is modelled in this step, record the average number of multiplexed users nmux,i under SINRi . The achievable data rate for this case is derived by Ri = Zi/nmux,i, where aggregated bit rate Zi is the summed bit rate of nmux,i users on Wuser. nmux,i = 1 for no UE multiplexing.
Step 3:	Calculate the packet transmission delay of a user as Di = S/Ri, where S is the packet size.
Step 4:	Calculate the traffic generated per user as T = S/Tinter-arrival, where Tinter-arrival is the inter‑packet arrival time.
Step 5:	Calculate the long-term frequency resource requested under SINRi as Bi = T/(Ri/Wuser).
Step 6: 	Calculate the number of supported connections per TRxP, N = W / mean(Bi). W is the simulation bandwidth. The mean of Bi may be taken over the best 99% of the SINRi conditions.
–	In case UE multiplexing is modelled in Step 1, N = Nmux × W / mean(Bi). In case UE multiplexing is modelled in Step 2, N = W / mean(Bi/nmux,i). 
 Step 7:	Calculate the connection density as C = N / A, where the TRxP area A is calculated as A = ISD2 × sqrt(3)/6, and ISD is the inter-site distance.
The requirement is fulfilled if the 99th percentile of the delay per user Di is less than or equal to 10s, and the connection density is greater than or equal to the connection density requirement defined in Report ITU-R M.2410-0.
The simulation bandwidth used to fulfill the requirement should be reported. Additionally, it is encouraged to report the connection efficiency (measured as N divided by simulation bandwidth) for the achieved connection density.
The target QoS for full-buffer system-level simulation followed by link-level simulation can be illustrated as below: a message of a certain size means one message with packet size S=32 byte (which is the Layer 2 PDU message size), and 99th percentile of the delay per user Di is less than or equal to 10s in full-buffer simulation, respectively.
The above two method can be used for satellite evaluation. In order to adapt to satellite evaluation, some adjustments are needs in above procedure.
- Traffic model used for evaluation is defined in Table 1 in section 8.2.3 of Report ITU-R M.2514.
- Requirement used for evaluation is defined in section 7.2.8 of Report ITU-R M.2514.
Based on above analysis, it is proposed that,
Proposal 6: Both non-full buffer simulation and full-buffer simulation defined in section 7.1.3 of Report ITU-R M.2412 are used for satellite connection density evaluation, with the following adaptation to satellite self-evaluation:
- Traffic model for QoS calculation is defined in Table 1 in section 8.2.3 of Report ITU-R M.2514.
- Requirement for evaluation is defined in section 7.2.8 of Report ITU-R M.2514.
In addition, the calculation of SINRi in the method of full-buffer system-level simulation followed by link-level simulation needs to be clarified. After performing full-buffer system-level simulation, the uplink SINRi for each percentile i=1…99 of the distribution over users are determined which is used in link-level simulation for evaluating the achievable user data rate Ri for the recoded SINRi. The SINRi is pre-processing SINR, and the calculating method is missing in both Report ITU-R M.2154 and Report ITU-R M.2412. Appendix B illustrates the calculation of pre-processing SINR of IMT-2020 self-evaluation from TR 37.910 [10], and the method could be reused. Moreover, the calculation method of pre-processing SINR can be used for mobility and reliability evaluation as long as the evaluating is performed with system-level simulation followed by link-level simulation. As a result, the followed proposal is made.
Proposal 7: The calculation method of pre-processing SINR from TR 37.910 is reused for system-level simulation followed by link-level simulation.
Evaluation configurations
According to Report ITU-R M.2514, the evaluation is conducted in the Rural-mMTC-s test environment, applicable to handheld devices or, optionally, MTD, suitable evaluation configuration parameters for this test environment should be used and declared.
The example parameters for Rural-mMTC-s evaluation in Report ITU-R M.2514 are summarized in Table 4.
[bookmark: _Ref131068718]Table 4: Example parameters used in evaluations for Rural-mMTC-s
	Parameters
	Rural-mMTC-s
	Rural-mMTC-s

	Terminal type
	Handheld
	MTD

	Satellite orbit configuration
	LEO, 600 km altitude

	Spot beam pattern 
	Hexagonal pattern, at least 19 spot beams
Influence of adjacent beam interference on the results should be accounted for, 
e.g. by collecting statistics only from the inner spot beams

	Service link frequency
	2 GHz 

	Channel bandwidth
	30 MHz 
	180 kHz – 3 MHz

	3 dB beam width
	4.41 degrees

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	Device deployment
	100% outdoor, randomly and uniformly distributed over the area

	UE density
	At least 500 per km2

	UE mobility model
	Stationary

	Traffic model
	With layer 2 PDU (Protocol Data Unit) message size of 32 bytes:
1 message/day/device
or
1 message/2 hours/device
Packet arrival follows Poisson arrival process for non-full buffer system-level simulation

	UE antenna height
	1.5 m

	UE Antenna type and configuration
	Omni-directional
	Omni-directional

	UE polarisation
	Linear: ±45°X-pol
	Linear: ±45°X-pol or circular

	UE antenna gain (dBi)
	0
	0

	UE antenna temperature (K)
	290
	290

	UE noise figure (dB)
	7
	≤ 9

	UE tx transmit power
	200 mW (23 dBm)
	≤ 200 mW (23 dBm)


It can be observed that the example parameters used in evaluations for handheld and MTD terminals in Report ITU-R M.2514 TABLE1 do not include number of UE antenna elements. According to Report ITU-R M.2412 TABLE5 d), the number of UE antenna elements used for Urban Macro-mMTC test environments is up to 2 Tx/Rx. In addition, the UE antenna elements in TR 38.910 [10] is 1 Tx for UL transmission simulation. Following these parameters, 1 Tx UE antenna element is suggested for evaluation against the ITU-R mMTC-s requirement for IoT NTN and NR NTN.
Besides, the satellite antenna pattern, satellite polarization, central beam elevation and frequency reuse factor of spectral efficiency simulation can be used for connection density evaluation as well. So the additional parameters for Rural-mMTC-s are summarized in Table 5.
[bookmark: _Ref131446688]Table 5: Adding parameters for Rural-mMTC-s
	Parameters
	Rural-mMTC-s

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811 [8]

	Satellite polarization configuration
	Circular

	Central beam elevation
	90 degrees

	Frequency reuse
	1 or 3

	Number of UE antenna elements
	1 Tx



Proposal 8: Additional parameters listed in Table 5 are added on top of example parameters in section 8.2.3 of Report ITU-R M.2514 for Rural-mMTC-s evaluation.
Mobility
According to the objective of SID [1], only eMBB-s requires self-evaluation results of mobility.
According to Table 1, the requirement of mobility is described in section 7.2.11 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.1.4 of Report ITU-R M.2412.
According to section 7.1.4 of Report ITU-R M.2412, mobility shall be evaluated using the same evaluation parameters and configurations selected for the evaluation of average spectral efficiency and 5th percentile user spectral efficiency. And the evaluation methodology with 5 steps procedure illustrated in Report ITU-R M.2412 based on system-level simulation followed by link-level simulation canbe reused for satellite evaluation except that the associated speeds in Table 4 of Report ITU‑R M.2410‑0 is replaced with 250 km/h, as per requirement in M.2514. 
Moreover, the pre-processing SINR calculation can refer to the description in evaluation of connection density by full-buffer method.
Proposal 9: The evaluation methodology defined in section 7.1.4 of Report ITU-R M.2412 is reused to evaluate mobility, with the same evaluation parameters and configurations selected for the evaluation of average spectral efficiency, and with speed of 250 km/h.
Reliability
Base on the objective of SID [1], only HRC-s requires self-evaluation results of reliability. 
The difference between the requirements for Rural-HRC-s in Report ITU-R M.2154 and Urban Macro-URLLC in Report ITU-R M.2410 is that the reliability requirement is decreased from 1-10−5 to 1-10−3, and the transmitting time is no longer limited to within 1 ms.
Evaluation methodology and evaluation configurations are discussed below.
Evaluation methodology
According to Table 1, the requirement of reliability is described in section 7.2.10 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.1.5 of Report ITU-R M.2412.
For evaluation methodology, the evaluation methodology with 4 steps procedure illustrated in section 7.1.5 of Report ITU-R M.2412 based on system-level simulation followed by link-level simulation is reused for satellite evaluation, except that the Urban Macro-URLLC test environment is replaced with Rural-HRC-s test environment. 
Observation 5: It is reasonable that the evaluation methodology defined in section 7.1.5 of Report ITU-R M.2412 is reused to evaluate reliability.
Evaluation configurations
The example parameters for Rural-HRC-s evaluation in Report ITU-R M.2514 are summarized in Table 6.
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	Parameters
	Rural-HRC-s

	Terminal type
	Handheld

	Satellite orbit configuration
	LEO, 600 km altitude

	Spot beam pattern 
	Hexagonal pattern, at least 19 spot beams
Influence of adjacent beam interference on the results should be accounted for, 
e.g. by collecting statistics only from the inner spot beams

	Service link frequency
	2 GHz 

	Channel bandwidth
	30 MHz

	3 dB beam width
	4.41 degrees

	Satellite EIRP density
	34 dBW/MHz

	Satellite antenna gain
	30 dBi

	Satellite G/T
	1.1 dB/K

	Device deployment
	100% outdoor, randomly and uniformly distributed over the area

	UE density
	10 UEs per spot beam

	UE mobility model
	Fixed and identical speed of 30 km/h of all UEs, randomly and uniformly distributed direction

	Traffic model
	Full buffer

	UE antenna height
	1.5 m

	UE Antenna type and configuration
	Omni-directional

	UE polarisation
	Linear: ±45°X-pol

	UE antenna gain (dBi)
	0

	UE antenna temperature (K)
	290

	UE noise figure (dB)
	7

	UE tx transmit power
	200 mW (23 dBm)


The parameter of number of UE antenna elements is not provided in the above example parameters tables. According to Report ITU-R M.2412 TABLE5 e), the number of UE antenna elements used for Urban Macro-URLLC test environments is up to 4 Tx/Rx and 8 Tx/Rx for 700 MHz and 4 GHz carrier frequency respectively. Considering the carrier frequency in Table 6 is 2 GHz, the parameter of UE antenna number for reliability evaluation could be up to 4 Tx/Rx which is same as the parameter for evaluating average spectral efficiency and 5th percentile user spectral efficiency.  Besides, the satellite antenna pattern, satellite polarization, central beam elevation and frequency reuse factor listed in Table 3 for spectral efficiency simulation can be used for reliability as well. Consequently, the additional parameters listed in Table 3 can be used for Rural-HRC-s evaluation.
Proposal 10: The additional parameters listed in Table 3 are added on top of example parameters in section 8.2.3 of Report ITU-R M.2514 for Rural-HRC-s evaluation, as that for Rural-eMBB-s.
Analytical approach
Peak spectral efficiency
According to Table 1, the requirement of peak spectral efficiency is described in section 7.2.2 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.2.1 of Report ITU-R M.2412.
According to section 7.2.2 of Report ITU-R M.2514, peak spectral efficiency is the maximum data rate under ideal conditions normalized by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).
It is noted that the peak spectral efficiency is calculated per user.
According to TR 37.910 [10], the generic formula for peak spectral efficiency for a specific component carrier (say j-th CC) is given by.

[bookmark: OLE_LINK79][bookmark: _Ref130563064]		 
wherein
· Rmax= 948/1024
· For the j-th CC,
· [image: ] is the maximum number of layers
· [image: ] is the maximum modulation order
· [image: ]is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· [image: ]is signalled per band and per band per band combination as per UE capability signalling
· [image: ] is the numerology (as defined in TS38.211)
· [image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.
· [bookmark: OLE_LINK80][image: ] is the maximum RB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817 section 4.5.1, where [image: ] is the UE supported maximum bandwidth in the given band or band combination.
· 
[bookmark: _Hlk130546943][image: ]is the overhead  calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc. with respect to the total number of REs in effective bandwidth  time product.
· 

 is the normalized scalar considering the downlink/uplink ratio; for FDD  for DL and UL.
The generic formula for peak spectral efficiency defined in TR 37.910 can be reused for satellite self-evaluation, but some satellite specific aspects need to be considered. NTN differs from TN that in Terrestrial network, the UE can be enough close to the network and hence SINR can be relatively high that peak data rate can be achieved by calculation. But for NTN, it is different from TN that a device on the ground or on the airplane cannot be that close to the network result to a large pathloss and a small SINR. So Rmax and [image: ]are the highest coding rate and maximum modulation order that the UE can achieved in satellite, respectively, instead of the highest coding rate and maximum modulation order defined in 3GPP spec. Besides, the maximum number of layers [image: ]needs to considered the satellite and UE realistic antenna numbers.
To assess the realistic highest coding rate and maximum modulation order, one option is link budget analysis. As the metric is peak spectral efficiency, no consideration on interference is need, carrier-to-noise ratio (CNR) can therefore be used.
Based on the analysis, the following proposal is derived.	
Proposal 11: For peak spectral efficiency assessment, the generic formula defined in TR 37.910 can be reused, and the highest coding rate, maximum modulation order and maximum number of layers need to take into consideration of the achievable values based on, e.g., link budget analysis of CNR.

Peak data rate
According to Table 1, the requirement of peak data rate is described in section 7.2.1 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.2.2 of Report ITU-R M.2412.
According to section 7.2.1 of Report ITU-R M.2514, peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e., excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).
Peak data rate is defined for a single mobile station. In a single band, it is related to the peak spectral efficiency in that band. Let Wa denote the assigned bandwidth and SEp denote the peak spectral efficiency in that band achieved at the assigned bandwidth. Then the user peak data rate Rp is given by:
		
Different from the formula in section 4.1 of Report ITU-R M.2410 related to the requirements of 5G NR, the above formula does not consider aggregation of multiple bands. 
Observation 6: The formula defined in section 7.2.1 of Report ITU-R M.2514 is enough for peak date rate assessment, if multiple bands aggregation is not considered.
User experienced data rate
According to Table 1, the requirement of user experienced data rate is described in section 7.2.3 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.2.3 of Report ITU-R M.2412.
According to section 7.2.3 of Report ITU-R M.2514, 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.
Assuming one frequency band and one layer of transmission reception points (TRxP), the user experienced data rate, Ruser can be given by
[bookmark: OLE_LINK9][bookmark: _Hlk130561367]		
where W is the channel bandwidth and SEuser denote the 5th percentile user spectral efficiency.
The requirement of DL and UL is shown in Table 7. These requirements are defined for the eMBB-s usage scenario and apply to handheld devices. 
[bookmark: _Ref130561893]Table 7: The requirements of user experienced data rate calculation
	
	ITU-R Requirements

	User experienced data rate (DL)
	1 Mbit/s

	User experienced data rate (UL)
	100 kbit/s


[bookmark: _Hlk130810082]The formula defined in section 7.2.3 of Report ITU-R M.2514 is enough for user experienced data rate assessment.
Area traffic capacity
According to Table 1, the requirement of area traffic capacity is described in section 7.2.6 of Report ITU-R M.2514, and related evaluation methodology is described in section 7.2.4 of Report ITU-R M.2412.
According to section 7.2.6 of Report ITU-R M.2514, Area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/km2). The area traffic capacity  is related to average spectral efficiency  as follows:
		(1)
[bookmark: _Hlk130561526][bookmark: _Hlk130549709][bookmark: _Hlk130549757]where W is the channel bandwidth and  is the TRxP density, which can be calculated from the area of each beam of the satellite. The area of each beam can be calculated in two options as follows.
[bookmark: _Hlk130549783]Option 1: Given the cell area of a hexagonal cell has a radius of r, the cell area can be expressed as . For example, for the cell radius of r = 250 km, the area is A = 163 000 km2. 
[image: ]
Figure 4: Area of a hexagonal cell with radius r [9]
[bookmark: _Hlk130550415]Option 2: If the cell area is an ellipsoid, the area can be expressed as . The  and  are the major and minor axes of the ellipse, respectively. The calculation of  and  can be found in subsection 2.3.2.1 of ITU document [12]. When applying the above method, for LEO-600 with 3dB bandwidth of 4.4127 degree,  and   and calculated and presented in Table 8. 
[bookmark: _Ref130550768]Table 8: Values of the major and minor axes of the ellipse
	
	Elevation of the beam center [degrees]

	
	10
	30
	45
	70
	90

	 [km]
	737.77
	166.89
	88.97
	52.08
	46.23

	 [km]
	148.84
	82.84
	62.78
	48.92
	46.23

	Area [km2]
	344979.14
	43434.16
	17549.01
	8004.08
	6715.47



[image: ]
Figure 5: Illustration of the satellite coverage footprint and geometry related [12]
[bookmark: _Hlk130810144]Proposal 12: The effect of earth curvature on area calculation needs to be considered for evaluating area traffic capacity.
Latency and mobility interruption time
According to section 16.14 of TS 38.300 [6], to accommodate the propagation delay in NTNs, some enhancements on control plane and user plane are made in Rel-17 NTN, which have an impact on the control plane latency, user plane latency and mobility interruption time. As a result, the latency related requirements should be discussed by RAN2.
Proposal 13: Control plane latency, user plane latency and mobility interruption time should be discussed by RAN2.
Inspection approach
Energy efficiency
According to section 7.2.9 of Report ITU-R M.2514: .
[bookmark: _Hlk75727424]Network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics.
Energy efficiency of the network and the device can relate to the support for the following two aspects:
a)	Efficient data transmission in a loaded case;
b)	Low energy consumption when there is no data.
Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency (see § 7.2.5).
Low energy consumption when there is no data can be estimated by the sleep ratio. The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period of time corresponding to the cycle of the control signalling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. Furthermore, the sleep duration, i.e. the continuous period of time with no transmission (for network and device) and reception (for the device), should be sufficiently long.
This requirement applies to the eMBB-s usage scenario and can be assessed qualitatively (no quantitative target).
The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration.
The energy efficiency for both network and device is verified by inspection by demonstrating that the candidate RITs/SRITs can support high sleep ratio and long sleep duration as defined above when there is no data.
Inspection can also be used to describe other mechanisms of the candidate RITs/SRITs that improve energy efficient operation for both network and device.
To assess the sleep ratio and sleep duration of network and device, inspection of the radio protocol layer 2/3 is needed. So it is better to be done by RAN2.
Proposal 14: Energy efficiency should be discussed by RAN2.
Bandwidth
According to section 7.2.13 of Report ITU-R M.2514:
Bandwidth is the maximum aggregated system bandwidth. Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidth. The bandwidth capability of the RIT/SRIT is defined for the purpose of IMT-2020 evaluation.
The RIT/SRIT should support a scalable bandwidth up to 30 MHz. The support of maximum bandwidth is verified by inspection of the proposal. 
The scalability requirement is verified by demonstrating that the candidate RITs/SRITs can support different bandwidth values. These values shall include the minimum and maximum supported bandwidth of the candidate RIT/SRIT.
According to TS 38.104 [14] and TS 38.108 [13], the operating bands and transmission bandwidth configurations of NTN and NR are quite different. Such difference should be reflected in the inspection of bandwidth.
Observation 7: The operating bands and transmission bandwidth configurations of Rel-17 NTN are different from that of NR.

Conclusions
This contribution provides our considerations on methodology and parameters for IMT-2020 satellite technical performance evaluation, and our observations are listed as following:
Observation 1: Rel-17 NR NTN WID and Rel-17 IoT NTN WID only target transparent payload, and Rel-17 specification (including both 38 serial and 36 serial) provides explicit support only for transparent payload.
Observation 2: Most of the Rel-17 specifications developed with transparent payload as a target can apply for regenerative payload (with full gNB onboard) as well, and remaining issue to be solved for the support of regenerative payload (with full gNB onboard) may be very limited if any. 
Observation 3: It is reasonable that the formula in section 7.1.1 of Report ITU-R M.2412 is reused to estimate average spectral efficiency.
Observation 4: It is reasonable that the formula in section 7.1.2 of Report ITU-R M.2412 is reused to estimate 5th percentile user spectral efficiency.
Observation 5: It is reasonable that the evaluation methodology defined in section 7.1.5 of Report ITU-R M.2412 is reused to evaluate reliability.
Observation 6: The formula defined in section 7.2.1 of Report ITU-R M.2514 is enough for peak date rate assessment, if multiple bands aggregation is not considered.
Observation 7: The operating bands and transmission bandwidth configurations of Rel-17 NTN are different from that of NR.

our proposals are as follows:
Proposal 1: Satellite self-evaluation focuses on transparent payload only. If RAN can check and confirm regenerative payload be supported by Rel-17 specifications, then the evaluation results for transparent payload can be used as a reference for regenerative payload for ITU submission.
Proposal 2: The channel model in section 6 of TR 38.811 can be viewed as an adaptation for satellite evaluation on top of terrestrial evaluation and can be used for satellite self-evaluation.
Proposal 3: Reuse the wrap around mechanism in section 6.1.1.1 of TR 38.821 for satellite self-evaluation.
Proposal 4: The additional parameters listed in Table 3 are added on top of example parameters in section 8.2.3 of Report ITU-R M.2514 for Rural-eMBB-s evaluation.
Proposal 5: Companies are encouraged to provide calibration curves aligned with TR 38.821 calibration case 9 or case 10 when providing satellite self-evaluation results. Then there is no need for additional cross-company calibration.
Proposal 6: Both non-full buffer simulation and full-buffer simulation defined in section 7.1.3 of Report ITU-R M.2412 are used for satellite connection density evaluation, with the following adaptation to satellite self-evaluation:
- Traffic model for QoS calculation is defined in Table 1 in section 8.2.3 of Report ITU-R M.2514.
- Requirement for evaluation is defined in section 7.2.8 of Report ITU-R M.2514.
Proposal 7: The calculation method of pre-processing SINR from TR 37.910 is reused for system-level simulation followed by link-level simulation.
Proposal 8: Additional parameters listed in Table 5 are added on top of example parameters in section 8.2.3 of Report ITU-R M.2514 for Rural-mMTC-s evaluation.

Proposal 9: The evaluation methodology defined in section 7.1.4 of Report ITU-R M.2412 is reused to evaluate mobility, with the same evaluation parameters and configurations selected for the evaluation of average spectral efficiency, and with speed of 250 km/h.
Proposal 10: The additional parameters listed in Table 3 are added on top of example parameters in section 8.2.3 of Report ITU-R M.2514 for Rural-HRC-s evaluation, as that for Rural-eMBB-s.
Proposal 11: For peak spectral efficiency assessment, the generic formula defined in TR 37.910 can be reused, and the highest coding rate, maximum modulation order and maximum number of layers need to take into consideration of the achievable values based on, e.g., link budget analysis of CNR.
Proposal 12: The effect of earth curvature on area calculation needs to be considered for evaluating area traffic capacity.
Proposal 13: Control plane latency, user plane latency and mobility interruption time should be discussed by RAN2.
Proposal 14: Energy efficiency should be discussed by RAN2.
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Appendix A: simulation assumptions
[bookmark: _Ref130726148]Table 9: Set-1 satellite parameters for system level simulator calibration (from TR 38.821 Table 6.1.1.1-1)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.



[bookmark: _Ref130732666]Table 10: Set 1 satellite parameters for system-level simulation calibration (from TR 36.763, Table 6.2-4)
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Clause 6.4.1 in TR 38.811
	Clause 6.4.1 in TR 38.811
	Clause 6.4.1 in TR 38.811

	Central beam edge  elevation
	2.3  degrees
	26.3  degrees
	27.0  degrees

	Central beam centre  elevation
	12.5  degrees
	30  degrees
	30  degrees

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [9].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [10] dB.
NOTE 6: The parameters corresponding to Ka-band for DL and UL  in TR 38.821 Table 6.1.1.1-1 were removed.



Appendix B: 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 	

		

[bookmark: _Hlk11594277]with the notations LOS,ZOA, LOS,AOA, LOS,ZOD, LOS,AOD, and  being according to equation (7.3-27) in TR 36.873;




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.
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