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1 Background
In RAN1#114, the following was agreed. Agreement
For DL and UL overhead:
· DL overhead is assumed to be 0.14
· UL overhead is assumed to be 0.08
Agreement
For the evaluation metrics that require usage of beam area, a beam area of 1415 km2 is assumed.
Agreement
The modeling of delay / RTT for SLS is up to companies to report.
Agreement
All the beams are considered for computing the area of connection density.
Agreement
For SLS to LLS metric of connection density, “pre-processing SINR” should be used instead of “pre-processing SNR”.
Agreement
Elevation angle of 90° is used for determining mean and standard deviation values of K-factor and delay spread for NTN TDL-C Rural channel model.
Agreement
For mMTC LLS (NR and eMTC), 16-QAM can be used in addition to QPSK to derive the SNR to SE mapping.
Agreement
For connection density evaluation with full buffer system-level simulation followed by link-level simulation, for SINR CDF distribution derivation, all the beams are assumed to be fully loaded.
Agreement
3GPP will report peak data rate and spectral efficiency based on
· 822/1024 and  for DL
· 553/1024 for and  for UL

Agreement
The results of CL, Geometry SIR and Geometry SINR simulated on DL are to be reported within the attached template.


In RAN1#114b, the following was agreed (several agreements omitted for brevity):Agreement
The attached template is used to collect evaluation results for eMBBs 5th percentile user spectral efficiency, average spectral efficiency, user experienced data rate and area traffic capacity.
Note: OH as agreed in 9.14.1 will be removed from the template.
Agreement
The attached template is used to collect evaluation results for the TPR on reliability.
Agreement
The attached template is used to collect evaluation results for the TPR on connection density.
Agreement
RAN1 to provide at RAN1#114-bis evaluation results on Energy efficiency, including both network and device.
Agreement
For NR NTN Connection Density LLS:
· Agree 10% BLER as target for throughput for Full Buffer
· SINR - user spectral efficiency (SE) mapping graph for Full Buffer, where:
· SE = nominal SE × (1-BLER)

Agreement
The same energy efficiency aspects from the terrestrial self-evaluation in the report TR 37.910 apply for NTN as well on network side and device side. Thereby the text on the energy efficiency requirement from TR 37.910 can be reused for TR 37.911 with changes as necessary, considering only 15 kHz subcarrier spacing.

This document is a minor revision of R1-2310391. No new additional evaluation results have been addedrevision of R1-2312059 where additional results with 0dB scintillation loss have been added.

2 Calibration curves
The following agreement was reached in RAN1#114: 
The results of CL, Geometry SIR and Geometry SINR simulated on DL are to be reported within the attached template.

In line with this agreement, we present the CDFs of coupling loss, geometry, and SINR for case 9 and 10 in attached spreadsheet.  
The simulation was performed according to Section 8.1.1 [1] with Set-1 satellite parameters and handheld UEs. Note that two additional tiers of beams for FRF 1 and three additional tiers of beams for FRF 3 were simulated for intra-satellite interference modelling. However, only the statistics of the UEs connecting to the inner 19 beams were collected (see Fig. 6.1.1.1-1 [1] for the beam layout based on FRF configurations). The CDF of coupling loss, geometry, and SINR for case 9 (FRF 1) and case 10 (FRF 3) observed for DL transmissions are presented in Fig. 2.1. These CDFs are in agreement with the average performance reported by different companies [2].  Note that scintillation and atmospheric losses were set to 0, as per agreed guidelines. As we observe in Fig 2, coupling loss for FRF 1 and 3 are the same. However, the interference for FRF 3 is less than FRF 1, which leads to better geometry SIR and SINR.  
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	Figure 2.1: Coupling loss for Case 9 and 10 DL transmissions 
	Figure 2.2: Geometry for Case 9 and 10 DL transmissions
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Figure 2.3: SINR for Case 9 and 10 DL transmissions



3 eMBB-s: Spectral efficiency, area traffic capacity, user experienced data rate
3.1 Evaluation assumptions

For the evaluation of 5th percentile user spectral efficiency, user experienced data rate, average spectral efficiency, and area traffic capacity, we followed the steps outlined in [3]. We only considered full-buffer traffic for the system-level simulation (SLS). All simulation assumptions for these metrics are in agreement with [4] and listed in Table A.1 in the appendix. To put the simulation results into perspective, we clarify few simulation assumptions in this section. 
· For DL, we assumed 1Tx, 2 Rx and 1Tx, 4 Rx transmission with cross polarized UE antennas. For UL, we assumed 1 Tx, 1 Rx transmission. 
· For UL, the scheduling scheduling granularity was set to 10 RBs. 
· For calculation of spectral efficiency, the channel bandwidth was set to 30 MHz for FRF 1 and FRF 3. 

The following was agreed in RAN1#114bis:At least for eMBB-s spectral efficiency evaluation, a value of 0dB for scintillation loss can be optionally used (in addition to the already agreed 2.2dB) and results can be separately captured in TR 37.911.


Based on this agreement, we have added an additional column for DL simulations. In the attached spreadsheet, we only provide the simulations without scintillation loss. For simulation results with scintillation loss, please refer to R1-2310391.

3.2 Evaluation results for spectral efficiency and user experienced data rate


The results for DL and UL are presented in Table 1. For FRF1, no metric meets the requirement. For FRF 3 and 2 UE antennas, all metrics meet the requirements except DL average spectral efficiency and user experienced data rate. We further considered UEs with 4 Rx antennas, which are able to meet the requirement for average spectral efficiency and user experienced data rate. 
Table 1 Evaluation results for eMBB
	SE
	Number of UE 
antennas
	Frequency reuse factor
	Requirement [5]
	Reported Value with scintillation loss
	Reported Value without scintillation loss 

	DL Spectral efficiency
	2
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	0.382
	0.382 

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.016
	0.016  

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.4914
	0.552  

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.0307
	0.033

	
	4
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.500
	
	0.453  

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	
	0.026

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.500
	0.5054
	0.696 

	
	
	
	5th percentile [bit/s/Hz]
	0.030
	0.0337
	0.034 

	 
	 
	 
	 
	 
	 
	

	SE
	Number of UE 
antennas
	Frequency reuse factor
	Requirement [5]
	Reported Value with scintillation loss 

	UL spectral efficiency
	1
	FRF = 1
	Average [bit/s/Hz/TRxP]
	0.100
	0.078

	
	
	
	5th percentile [bit/s/Hz]
	0.003
	0.002

	
	
	FRF = 3
	Average [bit/s/Hz/TRxP]
	0.100
	0.155

	
	
	
	5th percentile [bit/s/Hz]
	0.003
	0.004



	User experienced data rate
	Number of UE 
antennas
	Frequency reuse factor
	Requirement [5]
	Reported Value with scintillation loss
	Reported Value without scintillation loss 

	DL
	2
	FRF = 1
	User experienced data rate (Mbit/s)
	1
	0.476
	0.476  

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	0.92
	0.99

	
	4
	FRF = 1
	User experienced data rate (Mbit/s)
	1
	
	0.78

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	1
	1.011
	1.02

	UL
	1
	FRF = 1
	User experienced data rate (Mbit/s)
	0.1
	0.66

	
	
	FRF = 3
	User experienced data rate (Mbit/s)
	0.1
	0.133



Proposal 1: Capture the evaluation results in Table 1 in TR 37.911

3.3 Evaluation results for area traffic capacity 

For area traffic capacity evaluation, we first need to compute the geographical area covered a beam. In RAN1#114, the following was agreed. 
For the evaluation metrics that require usage of beam area, a beam area of 1415 km2 is assumed.

Based on this agreement and the evaluation results reported in Table 1, values of area traffic capacity are reported in Table 3. We observe that FRF 1 and 3 meet the requirements for DL and UL transmissions.   
Table 2: Area Traffic Capacity
	Area traffic Capacity
	Number of UE 
antennas
	Frequency reuse factor
	Requirement [5]
	Reported Value with scintillation loss
	Reported Value without scintillation loss 

	DL
	2
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	8.0989
	8.0989

	
	
	FRF = 3
	Area traffic capacity (bit/s/km2)
	8
	10.419
	11.7032

	
	4
	FRF = 1
	Area traffic capacity (kbit/s/km2)
	8
	
	9.6042

	
	
	FRF = 3
	Area traffic capacity (bit/s/km2)
	8
	10.707
	14.7562

	UL
	1
	FRF = 1
	Area traffic capacity (bit/s/km2)
	1.5
	1.6537

	
	
	FRF = 3
	Area traffic capacity (bit/s/km2)
	1.5
	3.2862



Proposal 3: Capture the UL evaluation results in Table 2 in TR 37.911
4 eMBB-s: Mobility
4.1 Evaluation assumptions

For mobility evaluations, we follow the procedure mentioned in [3]. We performed simulations for FRF 3 only. First, we obtained the CDF of pre-processing SINR for UL transmissions from the SLS. The parameters that are used for LLS are presented in the Table 4 below.

Table 3: LLS parameters for eMBB-s Mobility
	Physical channel
	PUSCH

	Simulation bandwidth (PRB)
	5 RBs
(Consistent with SLS BW)

	Number of users in simulation
	1

	Link-level Channel model
	NTN TDL-C Rural 

	DMRS config
	2 symbol DMRS 

	Antenna configuration at Satellite
	1 Rx

	Antenna configuration at UE
	1 Tx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	Based on MCS Sweep

	Modulation order
	Based on MCS Sweep

	Number of repetitions
	[1,2,4,8]

	Channel estimation
	LMMSE

	Channel coding scheme
	LDPC

	Doppler spread
	463 Hz



4.2 Evaluation results
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Figure 4.2.1: CDF of UL pre-processing SINR from SLS for FRF 3 with RBG size set to 5 PRBs


The CDF of uplink pre-processing SINR obtained from SLS for FRF 3 is shown in Fig 4.2.1. We obtain the 50th percentile SINR from the CDF above and perform mobility analysis of a UE moving at 250 km/hr. We aim to find the maximum spectral efficiency that can be achieved under the reliability constraints provided in [5] (packet error ratio < 1%). At the 50th percentile SINR, we run a sweep over all the MCS’es (Table 6.1.4.1-1 [6]) with up to 8 repetitions. The spectral efficiency  at repetition number  with MCS m and throughput of , bandwidth of W and BLER  can be written as:

where Tputm is the throughput for MCS m and can be obtained by dividing TBSize for MCS m by 1 ms (slot duration). Note that the BLER,  is a function of repetition number and MCS index as well. The maximum supported spectral efficiency  under the given reliability constraints can be obtained by solving the following:

The maximum achievable spectral efficiency with its reliability has been reported in Table 5. Note that the spectral efficiency is the same as normalized traffic channel link data rate. The number of repetitions needed to achieve maximum spectral efficiency is 4 with MCS 7 (TBSize = 736 bits).
Table 4: Performance evaluation of mobility
	Parameter
	Value

	FRF
	3

	50 percentile SINR
	0.95 dB

	System Bandwidth (W)
	0.9 MHz (5 PRBs)

	Packet Error Ratio
	0.62% (requirement: <1%)

	Normalized traffic channel link data rate
	0.203 bps/Hz (requirement: 0.005 bps/Hz)


 From Table 4, we observe that NR-NTN meets the packet error ratio requirement of (< 1% [1]), while delivering normalized traffic channel link data rate of 0.203 bps/Hz (requirement is 0.005 bps/Hz [5]).
Proposal 4: Capture the evaluation assumptions in Table 3 and evaluation results in Table 4 in TR 37.911.

5 HRC-s: Reliability
5.1 Evaluation assumptions

For reliability simulations, we again consider FRF 3 only for NR-NTN UL and DL. We follow the procedure from [3] to obtain the CDF of SINR from SLS. The parameters for LLS are reported in Table 5. To meet the target requirement for reliability, we consider 16 repetitions for UL. These repetitions span a total duration of 36 ms. For the first 8 ms, PUSCH with RV 0 is transmitted over 8 slots of TBoMS. Then, there is a gap of 20ms to leverage time diversity. After that, PUSCH with RV 2 is transmitted with another 8 slots of TBoMS.

Table 5: Parameters for LLS Reliability for NR UL and DL
	
	NR Uplink
	NR Downlink 

	Physical channel
	PUSCH
	PDSCH

	SCS
	15 kHz
	15 kHz

	Simulation bandwidth (PRBs)
	5 RBs

	8 PRBs for 64 QAM MCS Table, 30 RBs for low SE MCS Table from [3]

	Number of users in simulation
	1
	1

	Link-level Channel model
	NTN TDL-C Rural 
	NTN TDL-C Rural

	DMRS config
	2 DMRS per slot
	2 symbol DMRS

	Antenna configuration at Satellite
	1Rx
	1Tx

	Antenna configuration at UE
	1Tx
	2 Rx

	Transmission mode
	SISO
	SISO

	Transmission rank
	1
	1

	TBS
	256
	256

	Modulation order
	QPSK
	QPSK 

	Number of repetitions
	16 (8 TBoMS + 20ms + 8 TBoMS)
	1

	Channel estimation
	LMMSE
	LMMSE

	Channel coding scheme
	LDPC
	LDPC

	Doppler spread
	5 Hz
	5 Hz

	MCS
	MCS 2 from Table 6.1.4.1-2 of [3]
	MCS 0


5.2 Evaluation results

The CDF for UL SINR from SLS for FRF 3 has been shown in Fig. 4.2.1. The CDF for DL SINR from SLS for FRF 3 has been shown in Fig. 5.2.1. We pick the 5 percentile pre-processing SINR point and proceed with the reliability analysis under the guidance from [3].
[image: A graph of a function

Description automatically generated]









Figure 5.2.1: CDF of DL pre-processing SINR from SLS for FRF 3
The results for UL and DL reliability after LLS have been reported in Table 6. According to [5], the reliability requirement is 1-10-3 or 99.9%. We observe from Table 6 that we can meet the reliability requirements for both UL and DL NR-NTN.
Table 6: Performance evaluation of reliability
	Parameter
	Mode

	
	Uplink
	Downlink

	FRF
	3
	3

	5 percentile SINR
	-0.63 dB
	6.79 dB

	Scheduled Bandwidth
	0.9 MHz (5 PRBs)
	8 PRBs, 30 PRBs

	Reliability
	99.96 %
	99.97 %, 99.99%

	Connection Time Duration 
	36 ms
	1 ms



Proposal 5: Capture the evaluation assumptions in Table 5 and evaluation results in Table 6 in TR 37.911.

6 mMTC-s: Connection density
6.1 Evaluation assumptions

For connection density evaluations with NR-NTN, we follow the procedure mentioned in [3] for full buffer scenario. We obtain the CDF of pre-processing SINR for UL transmissions from SLS for both FRF=1 and 3. We assume that each device is scheduled over 1 PRB which maximizes the number of supported devices per cell.  
The LLS parameters have been provided in the Table 7 below.

Table 7: LLS parameters for NR-NTN mMTC evaluations
	mMTC NR

	Physical channel
	PUSCH

	Simulation bandwidth (=bandwidth allocated per UE)
	1 PRB

	SCS
	15kHz

	Link-level Channel model
	NTN TDL-C Rural

	Antenna configuration at Satellite
	1Rx

	Antenna configuration at UE
	1Tx

	Transmission mode
	SISO

	Transmission rank
	1

	TBS
	Based on MCS Sweep

	Modulation order
	Based on MCS Sweep

	Number of repetitions
	1,2,4,8 (TBoMS)

	Channel estimation
	LMMSE

	Channel coding scheme
	LDPC

	Doppler spread
	5 Hz

	UL DMRS config
	2 DMRS per slot



6.2 Evaluation results

The CDFs of uplink SINR with full buffer assumption for mMTC and FRF = 1,3 are shown in Fig. 6.2.1. 
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Figure 6.2.1. CDF of UL pre-processing SINR
Based on the CDF reported above, we calculate the maximum spectral efficiency that can be supported at a particular SINR. This is done by doing a sweep over different MCS’es (Table 6.1.4.1-1 of [6]). The spectral efficiency  at SINR  at MCS  with throughput of  for repetition rep, bandwidth per user Wuser and BLER  can be written as:

Tputm,rep is the throughput for MCS m at repetition rep and can be obtained by dividing TBSize for MCS m by slot duration for TBoMS (1 rep = 1 ms). Wuser is 180 kHz. Note that BLER, , in the equation above is also a function of SINR, repetition number and MCS index. BLER is output of LLS. The maximum supported spectral efficiency at a given SINR with a 10% BLER constraint can be calculated as:  

 has been plotted in Fig. 6.2.2 as SINR as varied for FRF =1 and 3. Note that each SINR corresponds to a percentile value from the CDF reported in Fig. 6.2.1.  The maximum supported rate is  . 
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Figure 6.2.2: Maximum supported spectral efficiency for NR-NTN mMTC
Based on the above rate at 1 percentile of SINR (99th percentile of delay), we calculate the delay per user as per the procedure in [3]. We report the delay in for different system bandwidth and different FRF in Table 8.
	Parameter
	Values

	
	For FRF = 1
	For FRF = 3

	Service Profile
	Full buffer
	Full buffer

	1 percentile pre-processing SINR
	-5.08 dB
	3.27 dB

	System Bandwidth (W)
	10 MHz, 180 KHz
	10 MHz, 180 KHz

	99th Percentile Delay
	0.0088 s
	0.0044 s

	Inter-packet arrival time
	1 message/2 hours/device
	1 message/day/device
	1 message/2 hours/device
	1 message/day/device

	Connection Density
	41,513 Devices/ km2 , 
747 Devices/ km2
	498,158 Devices/ km2 ,
8966 Devices/km2
	129,041 Devices/ km2 , 
2322 Devices/ km2
	1,548,494 Devices/km2, 
27,972 Devices/km2


Additionally, based on different inter-packet arrival times and system bandwidths, we report the connection density in Table 8. Area of 1415 km2 is considered for connection density calculation, as per the agreement. The connection density requirement according to [5] is 500 Devices/km2 and 99th percentile delay requirement is less than 10s. We see that both the requirements are met for the case of NR-NTN mMTC for all FRF, system bandwidths and inter-packet arrival times.
Table 8: Performance metrics for NR-NTN mMTC

Proposal 6: Capture the evaluation assumptions in Table 7 and evaluation results in Table 8 in TR 37.911.



7 Energy Efficiency 
In this section we propose a text proposal for energy efficiency of NR NTN. The evaluation methodology is referring to Sect. 5.8 of TR 37.910 with minor changes to adapt to the NTN specifics. As agreed in RAN1#114b, only 15kHz SCS is included in the evaluations.
<Begin text proposal>
As defined in Report ITU-R M.2410 [4], 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. 
The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration. 
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 signaling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. The sleep duration is the continuous period of time with no transmission (for network and device) and reception (for the device).
7.1 [bookmark: _Toc21288737]Network side
[bookmark: _Toc21288738]
7.1.1	NR
The sleep ratio and sleep duration for NR network under unloaded case are evaluated.
When no data transfer takes place, NR network will keep periodical transmission of SS/PBCH blocks and RMSI (remaining minimum system information), as well as paging signal in order for UEs to detect and access the radio network. The following mechanisms for SS/PBCH block, RMSI and paging are assumed for the evaluation. 
For SS/PBCH block transmission, the following configurations are considered in evaluation.
-	One SS/PBCH block occupies 4 OFDM symbols with 20 RBs in one slot.
-	One or multiple SS/PBCH block(s) compose an "SS burst set" (SSB set).
[bookmark: OLE_LINK23]-	Denote L as the number of SS/PBCH blocks in an SSB set, where L can be 1~ 64. For below 3 GHz, the maximum value of L is 4; for below 7.125 GHz, the maximum value of L is 8.
-	One SSB set transmission is confined to a half radio frame (5 ms) window
-	The SSB set periodicity (PSSB) can be configured to be {5, 10, 20, 40, 80, 160} ms  
-	The following mapping is used in a half radio frame for 15kHz SCS
-	2 SS/PBCH blocks is transmitted in one slot. And the L SS/PBCH blocks in an SSB set is transmitted in successive slots from the first slot in one SSB set period.
For RMSI transmission, the following configurations are considered in evaluation.
-	One RMSI transmission occupies 2 OFDM symbols in one slot.
-	RMSI is multiplexed with SS/PBCH block using the following ways:
-	For FR1, RMSI is time division multiplexed (TDMed) with SS/PBCH block. 
-	SS/PBCH block and RMSI could be transmitted in the same slot for both TDM and FDM.
-	RMSI periodicity (PRMSI) is assumed as follows: 
-	20ms for SSB set periodicity less than or equal to 20ms;  
-	Otherwise RMSI periodicity equals to SSB set periodicity.
-	The following mapping is used 
-	One RMSI transmission corresponds to one SS/PBCH block
-	If L SS/PBCH block is transmitted, then L RMSI transmissions are required.
-	One slot accommodates 2 RMSI transmissions.
-	The offset of RMSI transmission can be set as {0, 2, 5, 7}ms with respect to every 20ms time point. In the evaluation, the offset value that allows the closest RMSI transmission to SS/PBCH block transmission is selected.
For paging occasion, 
-	The periodicity of paging occasion is the same as that of SSB set, and it is FDMed with an SS block.
Figure 7-1 illustrates NR SS/PBCH block and RMSI transmission which employs the above mentioned mechanism.
Half frame 
(
5
ms
)
SS block
SS block
SS block
SS block
“SSB set”
“SSB set” 
periodicity
Half frame 
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5
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)
RMSI
RMSI
RMSI
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Figure 7-1 Illustration of NR SS/PBCH block and RMSI transmission
[bookmark: _Toc21288739]7.1.1	Evaluation of sleep ratio
Based on the above mechanisms, the sleep ratio per slot basis and per symbol basis are given as follows,





where  indicates the ceiling of x, [image: ] is the numerology (as defined in TS 38.211 [7], e.g., =0 for 15 kHz SCS, L is the number of SS/PBCH blocks in one SSB set, PSSB is the SSB set periodicity, PRMSI is the RSMI periodicity, and =1 for FR1.
Evaluation results are shown in Table 7.1-1 and Table 7.1-2, respectively, for slot level and symbol level sleep ratio. It is observed that with SSB set period of 5ms, more than 80% of sleep ratio can be obtained by NR network; with SSB set period of larger than 10ms, more than 90% of sleep ratio can be obtained by NR network. Higher sleep ratio is expected with finer sleep granularity, e.g., in symbol level. Note that a subset of configurations in terms of number of SSB per set is used to derive the results.
Therefore NR network can achieve high sleep ratio in unloaded case.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Table 7.1-1 NR network sleep ratio in slot level
	[bookmark: OLE_LINK123][bookmark: OLE_LINK124]SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%

	
	2
	80.00%
	90.00%
	95.00%
	97.50%
	98.75%
	99.38%



Table 7.1-2 NR network sleep ratio in symbol level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	93.57%
	96.43%
	97.86%
	98.93%
	99.46%
	99.73%

	
	2
	87.14%
	92.86%
	95.71%
	97.86%
	98.93%
	99.46%


[bookmark: _Toc21288740]
7.1.1.2   Evaluation of sleep duration

Based on the above mechanisms, evaluation results of sleep duration are provided in Table 7.1-3. It is observed that with SSB set period of 160 ms, more than 150ms sleep duration can be obtained by NR network. Therefore NR network can achieve long sleep duration in unloaded case.
Therefore, NR meets network side energy efficiency requirement.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table 7.1-3 NR network sleep duration (ms) in slot level
	SSB configuration
	SSB set periodicity PSSB

	SCS [kHz]
	Number of SS/PBCH block per SSB set, L
	5ms
	10ms
	20ms
	40ms
	80ms
	160ms

	15kHz 
	1
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 

	
	2
	4.00 
	9.00 
	19.00 
	39.00 
	79.00 
	159.00 



7.2 [bookmark: _Toc21288744]Device side
[bookmark: _Toc21288745]7.2.1	NR
The sleep ratio and sleep duration for NR UEs under unloaded case are evaluated.
For NR, DRX is supported for UEs in idle, inactive and connected states.
[bookmark: _Toc21288746]7.2.1.1	Evaluation of sleep ratio
For idle state and inactive state, the UE should monitor one paging occasion per discontinuous reception (DRX) cycle (which equals to the paging cycle), and the UE can use DRX to reduce power consumption. Before paging receiving, the SSB monitoring is needed. Also RRM measurement(s), including intra- and inter-cell shall be performed. 
The DRX cycle for idle state / inactive state UE consists of an "On Duration" during which the UE should perform SSB monitoring, paging monitoring and RRM measurement, and an “Off Duration” during which the UE can skip reception of downlink channels to save energy. It is illustrated in Figure 7-2. 
Therefore the sleep ratio is determined by the length of "On Duration" and the length of one paging cycle.
[image: A red and blue line on a black background
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Figure 7-2 Illustration of DRX cycle in connected state
When DRX is used, the UE wakes up and receives SSB for synchronization, listens to PDCCH only on specific paging occasion defined in-terms of paging frame and subframe within period of NPC_RF radio frames defined by the DRX cycle (paging cycle) of the cell and performs RRM measurement. The UE can remain in sleep mode for remaining duration within DRX cycle.
For synchronization, one SSB-burst set is assumed for short paging cycle (e.g., 320ms). Further, it is assumed that synchronization signal can be located in the same slot as paging-on slot and UE can finish network synchronization before paging monitoring. For longer paging cycle, one SSB-burst can still be assumed. In addition, to improve synchronization accuracy, the case of two SSB-burst sets is also evaluated. In this case, UE needs additional time up to one SSB cycle for SSB reception.  
For paging monitoring, a paging occasion can consist of multiple time slots (e.g. slot or OFDM symbol) where paging DCI can be sent. In the evaluation, it is assumed that one paging occasion consists of one slot. On the other hand, one paging cycle consists of one or multiple Paging Frames. One Paging Frame may contain one or multiple paging occasion(s) or starting point of a PO. In the evaluation, it is assumed that one Paging Frame contains one paging occasion and time for paging monitoring is not longer than that of one SSB burst.
RRM measurement is based on SS/PBCH. In the evaluation, it is assumed that RRM measurement takes place in “On Duration” time, and the RRM measurement time is assumed to be 3ms for FR1 (see TS 38.133 [12]). 
In addition to the above procedure, transition time is needed for UE to switch on / off its components. 10ms transition time is assumed for evaluation; but further reduced value is possible.
Based on the above analysis, the idle mode sleep ratio is evaluated with the configurations shown in Table 7.2-1. It is observed that more than 90% sleep ratio is achieved in idle mode by NR device.
[bookmark: _Ref520797049]Table 7.2-1 NR device sleep ratio in slot level (for idle / inactive mode)
	　
	Paging cycle NPC_RF *10 (ms)
	SCS(kHz)
	SSB L
	SSB reception time(ms)
	SSB cycle (ms)
	Number of SSB burst set
	RRM measurement time per DRX (ms)
	Transition time(ms)
	Sleep ratio

	RRC-Idle/Inactive
	2560
	15
	2
	1
	 --
	1
	3
	10
	99.5%

	
	2560
	15
	2
	1
	160
	2
	3
	10
	93.2%


NOTE:	For SSB period, "--" is assumed that SSB reception is during DRX-On time.
For connected state, if there is no data transmission in either downlink or uplink direction, the DRX mode is switched on. 
The DRX cycle for connected state UE consists of an “On Duration” during which the UE should perform SSB monitoring, PDCCH monitoring (reflected as DRX-onDurationTimer), and RRM measurement, and an “Off Duration” during which the UE can skip reception of downlink channels to save energy. Also, transition time is assumed in “On Duration”.  The connected mode sleep ratio for different DRX cycles is shown in Table 7.2-2. Therefore NR device can achieve high sleep ratio for both idle/inactive state and connected state in unloaded case.
Table 7.2-2 NR device sleep ratio in slot level (for connected mode) 
	　
	DRX cycle TSC_ms * MSC (ms)
	Number of SSB burst set
	DRX-onDurationTimer(ms)
	RRM measurement time per DRX (ms)
	Transition time(ms)
	Sleep ratio

	[bookmark: _Hlk522694156]RRC-Connected
	320
	1
	10
	3
	10
	92.8%

	
	2560
	1
	100
	3
	10
	95.6%

	
	10240
	1
	1600
	3
	10
	84.2%


NOTE:	For SSB period, "--" is assumed that SSB reception is during DRX-On time.
[bookmark: _Toc21288747]7.2.1.2	Evaluation of sleep duration
The sleep duration for NR UE in idle mode is 2546ms for paging cycle of 2560ms with the assumed parameters.
The sleep duration of NR UE in connected state is 8627ms for paging cycle of 10240ms with the assumed parameters.
Consequently NR device can achieve very long sleep duration in both idle mode and connected mode.
It is therefore concluded that NR meets device side energy efficiency requirement.
<End text proposal>

Proposal 6: Endorse the text proposal on energy efficiency in Section 7. 

8	Conclusions
Proposal 1 (eMBB-s): Capture the evaluation results in Table 1 in TR 37.911
Proposal 2 (eMBB-s): Capture the UL evaluation results in Table 2 in TR 37.911
Proposal 3 (eMBB-s): Capture the evaluation assumptions in Table 3 and evaluation results in Table 4 in TR 37.911.
Proposal 4 (HRC-s): Capture the evaluation assumptions in Table 5 and evaluation results in Table 6 in TR 37.911.
Proposal 5 (mMTC-s): Capture the evaluation assumptions in Table 7 and evaluation results in Table 8 in TR 37.911.
Proposal 6 (Energy Efficiency): Endorse the text proposal on energy efficiency in Section 7. 
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Annex

Table A.1 : Parameters for system-level simulation
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [1]

	Satellite antenna polarization
	Circular 

	Satellite antenna number
	1 Tx / 1 Rx per beam

	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

	Central beam center  elevation
	90 deg

	UE anntenna type
	Handheld, (1,1,2) with omni-directional antenna element

	UE antenna polarization
	Linear: +/- 45deg X-pol

	UE Rx Antenna gain 
	0 dBi

	UE antenna temperature
	290 K

	UE noise figure
	7 dB

	FRF
	1 or 3

	Carrier frequency
	2 GHz

	SCS
	15 kHz

	Channel bandwidth
	30 MHz for FRF1, 10MHz for FRF3

	Scenario
	Rural-eMBB-s

	UE deployment
	100% outdoor and uniformly distributed over the area

	LOS condition
	100% LOS

	Spot beam pattern and frequency reuse factor
	Hexagonal pattern, 19 inner beams,
Total beams: 61 beams for FRF=1,
            127 beams for FRF=3.

	UE density
	10 UEs per beam

	UE mobility 
	0 (Stationary)

	Satellite mobility
	0
 (Doppler spread is assumed to be compensated)

	Large scale channel model
	 large scale model of Section 6.6 in 38.811 

	Small scale channel model
	Frequency selective fading model of Section 6.7.2 in 38.811 

	Handover margin
	0dB (handover was not simulated)


	UE attachment
	RSRP

	Traffic model
	Full-buffer

	Scheduling scheme
	PF and SU-MIMO

	Receiver type
	MMSE-IRC

	Channel estimation
	Realistic

	Frequency offset
	0ppm

	Frequency drift
	0ppm

	DL CSI measurement
	CQI only (1 layer / 1-port CSI-RS)

	PRB bundling
	wideband

	Codeword (CW)
	SCW

	Transmission scheme
	One layer

	Frame structure
	FDD

	Overhead
	0.14 (same as for peak data rate calculation)
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