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1 [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
[bookmark: OLE_LINK53]In last RAN1#93meeting, evaluation methodology and assumptions are discussed in [1]. According to [1], initial evaluation results for power saving are shown in this document.
2 Network efficiency evaluation
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Considering no data transmission case in network side, necessary signals and procedures are remained to maintain connection with network. As assumption, synchronization, paging, and RMSI are needed for coarse and fine synchronization, system information update and RRM measurement. As evaluation, the following typical configurations are assumed. Other system information is not considered when there is no data transmission.
· [bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105]SSB transmission[2]:
· [bookmark: OLE_LINK69][bookmark: OLE_LINK70]SSB transmission period with 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, and synchronization duration window is up to 5ms.
· Number of SSB per SSB burst set L is configured as typical value of 1, 4, 8, and 64.
· [bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK25][bookmark: OLE_LINK29]SCS for SSB can be supported 15 KHz, 30 KHz, 120 KHz, and 240 KHz.
· [bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80]RMSI transmission[3]:
· [bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Multiplexing patterns for SSB and RMSI with pattern1 (TDM), transmission period with 20ms. Multiplexing patterns for SSB and RMSI with pattern2/3(FDM), transmission period is the same as the SSB period.
· SCS for RMSI can be configured 15 KHz, 30 KHz, 60 KHz, 120 KHz, and 240 KHz.
· Time duration of RMSI is up to 3symboles. RMSI transmission on the same SSB slot is assumed. 
· Paging transmission[3]:
· 1 slot for paging transmission is assumed. Considering multi-beam transmission, multi-slots can be configured.
· Paging period can be configured as 320ms, 640ms, 1280ms, 2560ms. Paging reception duration is small and has a little impact on network sleep ratio. In the following analysis, 320ms is assumed.

Sleep ratio for network can be calculated as:

[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK94]Based on above evaluation methodology and assumption, sleep ratios for network side are shown as below table.
[bookmark: OLE_LINK112][bookmark: OLE_LINK113]Table 1 Sleep ratio for network
	SSB Cycle(ms)
	Number of SSB block( L)
	Sleep ratio

	
	
	SCS 15KHz 
	SCS 30KHz 
	SCS 120KHz 
	SCS 240KHz 

	5
	1
	79.7%
	90.3%
	97.2%
	99.1%

	5
	4
	59.7%
	80.3%
	94.7%
	97.8%

	5
	8
	19.7%
	59.7%
	89.7%
	94.7%

	20
	4
	89.7%
	94.7%
	98.4%
	99.1%

	20
	8
	79.7%
	89.7%
	97.2%
	98.4%

	20
	64
	 --
	 --
	74.7%
	74.7%

	160
	1
	 -- 
	 --
	99.1%
	99.1%

	160
	64
	 -- 
	 --
	96.6%
	96.6%



As typical configuration, low and high SSB transmission density is assumed. Based on above results, it can be observed that sleep ratio is mostly dependent on SSB period and number of SSB block configurations. In a high density of SSB transmission case, there is about 20% sleep ratio for network. And in a low density of SSB transmission case, almost 99% sleep ratio can be achieved.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK123][bookmark: OLE_LINK124]Observation 1: NR sleep ratio on network side depends on SSB configuration in some extent, which can be up to 20% and 99% in high and low density of SSB transmission configuration respectively. 
3 UE energy efficiency evaluation
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]DRX is an important scheme for energy saving on device side in both RRC-Idle/inactive and RRC-Connected mode. When there is no data transmission on device side, UE could turn off its RF or baseband components. And UE should wake up to receive important information during DRX-on time, e.g., paging signal, synchronization information and RRM related measurement signal. Furthermore, UE needs additional time to perform state transmission between component on and component off. Power and time consumption for UE is shown as following figure. 


[bookmark: OLE_LINK24][bookmark: OLE_LINK26]Figure 1 UE power consumption
[bookmark: OLE_LINK40][bookmark: OLE_LINK35]As assumption, UE typical configurations are listed for RRC-Idle/Inactive and RRC-Connected mode. Sleep ratio can be calculated by means of similar method as network side. Based on the following assumptions, sleep ratio is shown as below tables.
· SSB transmission: 
· Configurations are same as network side.
· Synchronization accuracy: in general case, one SSB-burst set is assumed. Furthermore, considering synchronization and channel tracking accuracy, e.g., UE is suffered from serious interference, or UE loses network synchronization after UE wakes up from deep sleep mode.  2~3SSB-burst set could be assumed for improve synchronization accuracy.
· Paging reception: configurations are same as network side.
· [bookmark: OLE_LINK106][bookmark: OLE_LINK107]RRM measurement: 
· Considering SSB-based RRM measurement for inter-frequency and intra-frequency.
· Intra-frequency RRM measurement: at most one sample per DRX.
· Inter-frequency RRM measurement: it is assumed suitable measurement gap and period can be configured per inter-frequency carrier. Measurement gap can be configured as 1.5ms, 3.5ms and 5.5 ms for FR2, 3ms, 4ms, 6ms for FR1.
· On-duration timer:
· UE could be waked up periodically in DRX-on duration. Considering no data transmission, inactivity-timer is not triggered.
· Slot configuration:
· Configured part of slot as DL and UL respectively. For RRC-Idle/inactive mode, total DL slot is configured. For RRC-Connected mode, DL slot ratio can be assumed 1.0 and 0.5.
· Transition time:
· [bookmark: OLE_LINK108][bookmark: OLE_LINK109]Considering UE components operations, e.g., UE turn on its baseband or RF, perform AGC/AFC, need additional time to warm up and warm down. As assumption, 10ms is configured.
[bookmark: OLE_LINK114][bookmark: OLE_LINK115]Table 2 Sleep ratio for UE RRC-Idle/Inactive status
	　
	Cycle(ms)
	SSB slots
	SSB cycle(ms)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Number of SSB burst set
	RRM measurement time per DRX (ms)
	DL Slot configuration
	Sleep ratio

	Idle/Inactive
	320
	[bookmark: RANGE!G29]1
	[bookmark: OLE_LINK116][bookmark: OLE_LINK117]-- 
	1
	6
	1
	94.7%

	
	320
	4
	--
	1
	6
	1
	93.8%

	
	320
	4
	20
	2
	6
	1
	87.5%

	
	2560
	1
	160
	2
	6
	1
	93.1%

	
	2560
	4
	160
	2
	6
	1
	93.0%



Table 3 Sleep ratio for UE RRC-Connected status
	　
	Cycle(ms)
	SSB reception time(ms)
	SSB cycle
	Number of SSB burst set
	PDCCH reception time(ms)
	RRM measurement time per DRX (ms)
	DL Slot configuration
	Sleep ratio

	[bookmark: RANGE!D38]Connected
	320
	1
	--
	1
	10
	6
	1
	91.9%

	
	320
	4
	20
	2
	10
	6
	1
	85.6%

	
	320
	1
	--
	1
	10
	6
	0.5
	88.8%

	
	320
	4
	20
	2
	10
	6
	0.5
	79.4%

	
	320
	1
	--
	1
	100
	6
	1
	63.8%

	
	320
	1
	20
	2
	100
	6
	0.5
	26.3%

	
	2560
	4
	--
	1
	100
	6
	1
	95.5%

	
	2560
	4
	160
	2
	100
	6
	0.5
	85.3%

	
	10240
	4
	--
	1
	1600
	6
	1
	84.2%

	
	10240
	4
	160
	2
	1600
	6
	0.5
	67.0%



In RRC-Connected mode assumptions, typical DRX-cycle and on duration is assumed. It is noted that DRX-cycle can be configured as 320ms, even down to 1/32ms, up to 10240ms. When short DRX cycle is configured, UE will get short latency but consume more power. When long DRX cycle is used, UE will take less power but get long latency. Furthermore, some enhancement method on UE power consumption can be considered, e.g., reduce invalid PDCCH decoding in both RRC-Idle and RRC-connected mode. In term of RRM measurement, it could reduce RRM measurement times and improve measurement accuracy to further reduce UE power consumption.
Based on above assumption, it can be observed that:
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Observation 2: NR sleep ratio on UE side depends on DRX configurations in some extent which can be up to 26% and 92% in different DRX configuration. And enhancement on energy saving scheme is needed to be further studied to achieve higher energy efficiency for UE side, e.g., existing bandwidth partial, wake up scheme, PDCCH reduction, RRM reduction, etc.
4 Conclusion
In this contribution, we provide preliminary evaluation results for energy efficiency, we have the following observation:
Observation 1: NR sleep ratio on network side depends on SSB configuration in some extent, which can be up to 20% and 99% in high and low density of SSB transmission configuration respectively. 
Observation 2: NR sleep ratio on UE side depends on DRX configurations in some extent which can be up to 26% and 92% in different DRX configuration. And enhancement on energy saving scheme is needed to be further studied to achieve higher energy efficiency for UE side, e.g., existing bandwidth partial, wake up scheme, PDCCH reduction, RRM reduction, etc.
[bookmark: _GoBack]
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