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1 [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
[bookmark: OLE_LINK53][bookmark: OLE_LINK13][bookmark: OLE_LINK14]At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1]. The self evaluation will provide the performances towards all the ITU-R IMT-2020 requirements. The methodology is provided in Report ITU‑R M.2410 [2] for energy efficiency. This contribution show initial considerations on energy efficiency for both network and device side when there is no data transmission in NR.
2 Evaluation methodology and assumption
[bookmark: OLE_LINK182][bookmark: OLE_LINK181]In report ITU-R M.2140, energy efficiency is defined in two cases, including a loaded case and no data case. Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency, which is discussed in the companion contributions [4][5][6]. Low energy consumption in no data case can be estimated by the sleep ratio and sleep duration, which is discussed for network and device respectively. Meanwhile, it is encouraged to describe related mechanisms that improve the support of energy efficiency for both network and device.
2.1 Network efficiency
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Considering no data case in network side, necessary signals and procedures are remained to maintain connection with network, such as synchronization, system information update, paging, and signal for RRM measurement. As an example, SSB transmission is periodic and duration window is up to 5ms and periodicity support 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms.Considering RRM measurement requirement, e.g., one L3 sample is needed within 200ms measurement time when no DRX is configured based on RAN4 requirement(otherwise, measurement time is dependent on DRX cycle), SSB is necessary to present periodically. Similar consideration is needed for RMSI and paging.
Proposal1: energy efficiency evaluation for network side should consider necessary signals and operations, e.g., SSB transmission, RMSI and paging transmission for network synchronization, RRM measurement, and system information update.
2.2 [bookmark: OLE_LINK75][bookmark: OLE_LINK76]UE energy efficiency
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]Different from network side, DRX is an important scheme of energy saving on device side. When there is no data transmission on device side, UE could turn off its RF or baseband for all RRC states, e.g., RRC-Idle/In-active and RRC-connected status. UE should wake up to receive important information transmitted from network on DRX-on duration, e.g., paging signal, necessary synchronization information, RRM related measurement signal. Moreover, UE could perform procedures for different RRC status and DRX configurations, which are shown as following Figures. 


[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK10]Figure 1 UE procedure on RRC-Idle/Inactive status


Figure 2 UE procedure on RRC-Connected status
· [bookmark: OLE_LINK8][bookmark: OLE_LINK9]RRC-Idle: if UE is configured as a long DRX cycle in RRC-Idle status, it could lose network synchronization. So UE should synchronize to network before receiving paging. Otherwise, UE could receive synchronization signal considering balance between power consumption and synchronization accuracy requirement. Furthermore, if paging did not transmit on DRX cycle, UE could perform RRM measurement to maintain connection performance with network and meet RAN4 measurement requirement.
· RRC-Connected: UE should receive synchronization signal before receiving data if network synchronization is lost. Otherwise, TRS is enough to perform time-frequency tracking and improve synchronization accuracy. If there is no data transmission on DRX duration, UE could perform RRM measurement using CSI-RS for monitoring radio link.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK47]Proposal2: energy efficiency evaluation for UE side should consider power consumption on necessary activities, e.g., SSB receiving for network synchronization and RRM measurement, paging receiving, CSI-RS receiving.
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]On the other hand, before UE receiving data, UE need time to warm up and perform additional activities. As an example, if UE is in a light sleep with short DRX cycle, UE needs to turn on components (e.g. RF), set AGC/AFC, etc. When long DRX is configured, UE could be in a deep sleep. So UE should re-acquire cell in advance, (if UE moved another cell, and the selected cell may and may not be the original serving cell), read system information (MIB and SIB), etc. Power and time consumption for UE is shown as following figure. 


Figure 3 UE power consumption on DRX
[bookmark: OLE_LINK25][bookmark: OLE_LINK29]
Proposal3: energy efficiency evaluation for UE side should consider non-idle factor, e.g., ramp up and ramp down, and procedures for different DRX cycles and sleep status.
3 Conclusion
In this contribution, we provide preliminary evaluation results for energy efficiency, we have the following observation:
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Proposal1: energy efficiency evaluation for network side should consider necessary signals and operations, e.g., SSB transmission, RMSI and paging transmission for network synchronization, RRM measurement, and system information update.
Proposal2: energy efficiency evaluation for UE side should consider power consumption on necessary activities, e.g., SSB receiving for network synchronization and RRM measurement, paging receiving, CSI-RS receiving.
Proposal3: energy efficiency evaluation for UE side should consider non-idle factor, e.g., ramp up and ramp down, and procedures for different DRX cycles and sleep status.
[bookmark: _GoBack] 
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