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1 Introduction
This contribution is a text proposal for TR 38.803 on power consumption models for NR RRM.
2 Text Proposal for TR 38.803
----- Unchanged sections omitted -----

9.4
Power consumption related aspects

9.4.1 
Power consumption model for RRM
Power consumption models may be useful for investigating the power consumption impact of different RRM requirements. Models are needed for both gNB and UE. The power consumption models are simplified models and is not intended to capture details or in any way limit gNB or UE implementation. Different models are defined for the UE and the gNB.
9.4.1.1 UE power consumption model

Four different power consumption conditions are defined as shown in figure 9.4.1.1.1
Deep sleep: The UE is operating in its lowest power consumption mode, with baseband circuits maintaining timing to the lowest level of accuracy and minimal other baseband activity. RF circuits are not active.

Light sleep: The UE in this state have maintain timing using a clock and activity level which allows reception to be started with a reasonably small delay. This state represents the UE being ready to start to receive with minimal delay.

Active RX only: The UE is actively receiving, or attempting to receive a signal. This state is characterised by the RF receiver circuit being active.

Active TX only: The UE is actively transmitting a signal.

Active TX + RX: The UE is actively receiving and transmitting (RX and TX are active). The power consumption in this state is assumed to be the sum of the active RX only power consumption + active TX only power consumption.
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Figure 9.4.1.1.1 Power consumption states for the UE model

The UE or gNB power consumption state can change dynamically based on UE requirements for reception and transmission. For example, if DRX is active in a UE it can be expected to spend as much of the DRX off duration as possible in deep sleep. Prior to an RX on period, it may move to light sleep state before it enters active RX and TX depending on requirements for reception and transmission. UE will remain in active state as required according to monitoring and scheduling requirements. When UE is no longer required to receive or transmit, it may move back to light or deep sleep again. Power consumption may be estimated by considering the proportion of time that the UE spends in each state.

RRM activities may extend the duration that the UE needs to remain in either the active RX state or the active TX state. 

The parameters used for the NR model are shown in table 

	Parameter
	Label/value
	Default value

	Absolute power consumption in “Active with data tx” state. Relative Upper limit set to get some absolute numbers on the graphs.
	Pat, CA-N Note 1
	TBD mW

	Relative power consumption in “Active data/no data rx” state.
	Par, CA-M Note 2
	TBD*Pat

	Relative power consumption in “Deep sleep” state.
	Pds
	TBD*Pat

	Relative power consumption in “Light sleep” state.
	Pls
	TBD*Pat

	Duration of transition from “Deep sleep” to “Light sleep” state.
	Td2l
	TBD ms

	Relative power consumption while changing from “Light sleep” to “Light sleep” state.
	Pd2l
	TBD * Td2l

	Duration of transition from “Light sleep” to “Active with (no) data rx” state.
	Td2l
	TBD ms

	Duration of transition from any active state to any sleep state
	Tat2d or Tat2l or Tar2d or Tar2l
	TBD ms

	Note 1 : This parameter is determined for each possible UL CA configuration

Note 2 : This parameter is determined for each possible DL CA configuration


Figure 9.4.1.1. Predicted power consumption in different states for the UE model.
9.4.1.2 gNB power consumption model

The gNB power consumption model is characterized by 4 states as illustrated in figure 9.4.1.2.1
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Figure 9.4.1.2.1 Power consumption states for the gNB model
The power consumption assumption and the state transition assumptions are listed in table 9.4.1.2.1:
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Table 9.4.1.2.1 Predicted gNB Power consumption under different conditions.
The principles of the gNB power consumption model are the same as for the UE model. gNB can be in different power saving states each of which depends on the activity (transmission and/or reception) of the gNB. A gNB power consumption depends on the configuration and load. If the gNB is 2x2 macro with full load or no load the power consumption is listed in the Load column. If the gNB does not need to be active in next symbol it may enter sleep mode 1. If gNB does not need to be active for 1ms it can then enter sleep mode 2 etc. The gNB wake up procedure goes back to full activity in a step wise manner.
9.4.2 Principles for reducing power consumption

At least the following list of possible techniques for power saving can be studies for NR RRM

Power saving opportunities for transmission of reference signals
· Follow lean carrier principles

· Transmission of synchronization signal as infrequently as possible.

· Transmission of reference signals as infrequently as possible.

· Transmission of measurement reference signals necessary to perform time and frequency synchronisation, allow identifying a beam and perform beam measurements.

· Minimise time duration of individual transmissions e.g. using wideband signals in frequency domain

· Provide assistance information on reference signal timing in neighbour nodes to reduce UE measurement time (e.g. similar to DMTC window in LTE)
· RAN4 should study the effect of the above principles on the requirements.
Power saving opportunities for receiving and measuring reference signals
· RAN4 should explore measurements activity in order to enable UE power savings. 
· RAN4 should study wideband measurements versus longer measurement time to reach a given level of accuracy

· RAN4 should take into account the UE power saving opportunities when developing measurements requirements in order to enable UE power savings. E.g. align performance requirements with DRX.

· RAN4 should enable that available assistance information is used to minimize search and measurement time

9.4.3 
Configurability of requirements
Power consumption in RRM requirements is an engineering trade-off. Performance of measurements needs to be good enough to meet the needs of the system but it would be wasteful to have minimum requirements which exceed the needs of the system. 
In determining the RRM requirements for NR the goal should be to ensure that power consumption and measurement delay is configurable over a suitable range.
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