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-----------------------------Start of changes--------------------------------------
[bookmark: _Toc21288746][bookmark: _Toc154589443]4.8.3.2	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 4.8.3.2-1. 
Therefore, the sleep ratio is determined by the length of "On Duration" and the length of one paging cycle.
[image: ]
Figure 4.8.3.2-1 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 no 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 [4]).
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 4.8.3.2-1. It is observed that more than 90% sleep ratio is achieved in idle mode by NR device.
[bookmark: _Ref520797049]Table 4.8.3.2-1 NR satellite access device sleep ratio in slot level (for idle / inactive mode)
	[bookmark: MCCQCTEMPBM_00000074]Protocol state
	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/
RRC_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 4.8.3.2-2. Therefore, NR device can achieve high sleep ratio for both idle/inactive state and connected state in unloaded case.
Table 4.8.3.2-2 NR satellite access device sleep ratio in slot level (for connected mode)
	[bookmark: MCCQCTEMPBM_00000075]Protocol state
	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
	2 
	3.5
	10
	95.2%

	
	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.

-----------------------------End of changes--------------------------------------

-----------------------------Start of changes--------------------------------------
[bookmark: _Toc154582956][bookmark: _Toc154589472]Annex B:
Calibration for self-evaluation
To facilitate the self-evaluation towards IMT-2020 submission of the 3GPP Satellite Radio Interface Technology, the system level simulators have been calibrated to ensure the results from different 3GPP entities are comparable. 
The following metrics are selected for calibration of self-evaluation:
-	DL Geometry
-	Coupling loss: Coupling loss is defined as the signal loss from the antenna port to the antenna port.
The calibration was conducted to the corresponding evaluation configurations of case 9 (FRF 1) and case 10 (FRF 3). Detailed calibration parameters and assumptions are found in Section 6 of 3GPP TR 38.821. It should be noted that these parameters are used for calibration purpose only. It worth also noting that two additional tiers of beams for FRF 1 and three additional tiers of beams for FRF 3 are 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 [TR 38.821] for the beam layout based on FRF configurations). For the calibration purpose, the ionospheric scintillation loss shall be considered equal to zero (i.e., the Ues are located between 20 and 60 degrees of latitude). The atmospheric absorptions loss shall be considered. 
[bookmark: _Hlk11593551]Fourteen 3GPP entities provided the calibration results, including ZTE, Thales, DOCOMO, Huawei, vivo, Nokia, CCU, ITRI, Qualcomm, Ericsson, CATT, Panasonic, CEWiT, and OPPO. The detailed assumptions and results for the calibration simulations can be found in the attached document "B_Calibration.zip".
The calibration results for the Rural eMBB-s environment with FRF1 and FRF3 are shown through Figure B-1 to Figure B-4, respectively. The results are based on the average of the results from the contributing entities. 
C.D.F. [%]


Figure B-1 Coupling loss of Rural eMBB-s with FRF1

C.D.F. [%]


Figure B-2 Geometry SINR of Rural eMBB-s with FRF1

C.D.F. [%]


Figure B-3 Coupling loss of Rural eMBB-s with FRF3

C.D.F. [%]


Figure B-4 Geometry SINR of Rural eMBB-s with FRF3
-----------------------------End of changes--------------------------------------
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