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1 Introduction
In RAN4#80bis, a way forward for NR RRM was agreed. For power consumption, the following agreements and way forward were agreed

	Agreements

· RAN4 will investigate a possible power consumption model for NR

· RAN4 will continue to investigate the principles for good UE and gNB power consumption

· RAN4 will continue to investigate configurable tradeoff of power versus performance

Way forward

· Companies to investigate the framework and values for BS and UE models

· Whether absolute current values can be meaningful agreed in RAN4 or whetehr to concentrate on relative aspecs

· How to include features such as CA in the model


2 Discussion

Contributions relevant to power consumption which were treated in RAN4#80bis include [2] and [3]. [3] discusses a power consumption model which was used in LTE by RAN2. The model was originally used to understand different DRX concepts for release 8, and to produce graphs of throughput versus power consumption for static (fixed) DRX on duration versus DRX based on inactivity timers. System level studies were performed, and both average throughput and average power consumption for each user was logged.
The basic model consists of 4 states (which are not RRC states but device or gNB internal states) : Deep sleep, light sleep, active with data RX and active with data TX. The later states overlap, so the UE may receive, transmit or both.  Relative power consumptions for each state, and delays for the various transitions are also specified. The UE or gNB moves between these states very dynamically to try to optimise power consumption.
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Figure 1. Power consumption states for the model

This model has been used previously in LTE for the evaluation of DRX. However, it would also be beneficial to develop a model for RRM studies. One issue which needs to be discussed is to what level of detail the model should be realistic. Since RAN4 does not have a reference implementation in mind, our view is that the model would need to consider fairly high level attributes. 
The model that has been discussed until now is a simplifed model which considers only “RF (TX,RX or both) on” versus incative states. In practice power consumption of a device or gNB will depend on baseband activity and configuration. While an average baseband power consuption figure for receiving or transmitting may be captured in the Par and Pat , this does not model either differences in configuration such as

· Dynamically different activities when the UE or gNB is receiving or transmitting. For instance, decoding data will use more power than performing basic link quality tracking or time/frequency tracking. In this context search/measurement activity is relevant since the model currently makes no disctinction between baseband searcher active and searher inactive in the “on” state.
· Support for different numerologies, which would imply the use of different sampling rates

· Support for different receive or transmit BW

· The impact of different beam configurations, which might imply a certain number of antenna elements are active/inactive.

There are doubtless many more aspects which are not captured in the model. While it is desirable not to overcomplicate the model, and it would be imposible to develop a model in RAN4 which approaches realism, it is also important to understand the limitations of the model and to consider the appropriate level of abstraction which should be used. For now, we think it may at least be appropriate to extend the model for carrier aggregation, and model the number of CA receivers and transmitters in use, covering scenarios like interband CA.

We have considered the model mostly from UE perspective, since the gNB has the complication that it handles multiple UEs. The main parameters are
· Power consumption Prx,n when the UE is actively receiving n component carriers. Note that this will depend eg on whether the carriers are intrafrequency, interfrequency or interRAT. Power consumption Ptx,m when the UE is actively transmitting m component carriers. Again this depends on whether the carriers are intrafrequency, interfrequency or interRAT
· Power consumption Plight-sleep when the UE is receiving and transmitting no data but has high frequency clocks running

· Power consumption Pdeep-sleep when the UE is receiving and transmitting no data, and has no high frequency clock running

· Power consumption for transiting between different power consumption states

· Time taken for each transition between state

The approach above is similar to the one mentioned in [3], but considering also carrier aggregation. Duty cycle is not included in this model (which seeks to model power consumption in each state and transitions between states) but would be a highly important parameter as an input when using the model. Note that this is extremely sensitive to design and configuration.
The main thing that we would like to emphasise however, is that the duty cycle needs to consider both RRM search and measurement activities as well as the activities needed to maintain a connection to the serving cell. For example, if the UE is able to perform intrafrequency search and measurement in parallel with intrafrequency serving cell data reception then the incremental power consumption of measurements is small.
Observation 1 : To understand the impact of power consumption in RRM, searcher and measurement activities cannot be considered in isolation from the rest of the physical layer and procedures needed to maintain a connection to serving cell(s).
The work is complicated because many of the parameters depend on both the availability of an NR standard (or at least, on agreements on physical layer and procedures such as DRX as well as a good idea of how the functions might be implemented. For example, supposing that we could evaluate that RAN4 requirements imply a receiver duty cycle of X% in cell search. This may or may not be significant depending on the duty cycle(s) needed for maintaining the connection to the serving cell. Indeed, a power consumption model would ideally be used iteratively in the physical layer design and higher layer procedure design, and this is why such an approach was developed for LTE. Until the serving cell physical layer and procedures are better understood it is difficult to draw conclusions for RRM. For this reason, we think that it may be difficult for RAN4 to progress significantly with power consumption modelling beyond high level description in the study item phase.

In [2] we provided some ideas and observations on power consumption

	Observation 1: Power consumption in mobility 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. 

Observation 2: Due to the wider range of use cases, frequency bands and deployments which need to be covered by NR, there could be no single set of minimum requirements which will cover all cases.

Observation 3: Due to observation 2, configurability and scalability of measurement performance is likely to be important for NR

Observation 4: The goal of configurable measurements should not be to ensure that all settings work in all cases, but rather to provide sufficient tools to address the power consumption versus measurement performance trade-off when NR is deployed.
Observation 5: The emphasis in 3GPP discussions should be to ensure that power consumption and measurement delay is configurable over a wide range rather than concentrating on the exact endpoints.

Observation 6: Achievable measurement accuracy for measurements is primarily a function of duty cycle and measurement bandwidth used rather than the exact numerology that is configured for the meaausrement. 

Observation 7 : Based on observation 6, it may not be feasible to use extremely low duty cycles for numerologies with a very short subframe and obtain accurate measurements.

Observation 8: A holistic view is necessary when considering measurement power consumption.




When it comes to progressing further with the work, we believe these observations are valid, however it is also difficult given the current level of design studies in RAN1 and RAN2 to progress much further. RAN4 will ultimately define measurement period, measurement accuracy and cell / beam identification requirements, all of which will have some impact to the power consumption tradeoff. It is also clear that the use of power consumption modelling extends significantly beyond RRM studies.
Proposal 1 : RAN4 continues to develop power consumption models for NR to take into account during the WI phase for RRM requirements setting and other work
Conclusions

In this contribution we discuss power consumption for RRM studies. We begin by discussing the model which was previously presented and possible extension to cover carrier aggregation and dual connectivity. We also discuss the usage of the model and observe
Observation 1 : To understand the impact of power consumption in RRM, searcher and measurement activities cannot be considered in isolation from the rest of the physical layer and procedures needed to maintain a connection to serving cell(s).

Until the serving cell physical layer and procedures are better understood it is difficult to draw conclusions for RRM. For this reason, we think that it may be difficult for RAN4 to progress significantly with power consumption modelling beyond high level description in the study item phase.
In [2] we provided some ideas and observations on power consumption

	Observation 1: Power consumption in mobility 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. 

Observation 2: Due to the wider range of use cases, frequency bands and deployments which need to be covered by NR, there could be no single set of minimum requirements which will cover all cases.

Observation 3: Due to observation 2, configurability and scalability of measurement performance is likely to be important for NR

Observation 4: The goal of configurable measurements should not be to ensure that all settings work in all cases, but rather to provide sufficient tools to address the power consumption versus measurement performance trade-off when NR is deployed.
Observation 5: The emphasis in 3GPP discussions should be to ensure that power consumption and measurement delay is configurable over a wide range rather than concentrating on the exact endpoints.

Observation 6: Achievable measurement accuracy for measurements is primarily a function of duty cycle and measurement bandwidth used rather than the exact numerology that is configured for the meaausrement. 

Observation 7 : Based on observation 6, it may not be feasible to use extremely low duty cycles for numerologies with a very short subframe and obtain accurate measurements.

Observation 8: A holistic view is necessary when considering measurement power consumption.




Based on this we make one proposal

Proposal 1 : RAN4 continues to develop power consumption models for NR to take into account during the WI phase for RRM requirements setting and other work
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