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1	Introduction
RAN1 has completed its study item on UE power saving, and the outcome has been summarized in [1]. During the study phase of RAN1, quite some effort was put into defining a sensible User Equipment (UE) power model, which defines indicative numbers for the expected UE power consumption in different states. As an example, Table 18 of [1] defines the following:
Table 18: UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



The UE power consumption model has been expanded to cover various aspects such as operation on multiple carriers, using multiple transceiver chains, BWP switching, SSB monitoring, etc. Further, the model provides means to evaluate the power consumption for transition between different states. It also provides power consumption numbers for operation in FR2. 
From the conclusion of [1], it is stated that:
The UE assistance information provides the gNB additional information in facilitating UE adaptation to the traffic and reducing the power consumption of some respective power saving schemes shown aforementioned. UE preferred configurations are fed back to the gNB to help the network optimizing the resource utilization and assisting UE in achieving power consumption reduction.
Here it is noted that it might be beneficial for the purpose of power saving to provide feedback from the UE to the network. Most of the work in terms of UE power saving in RAN1 has been focused on the principle that the less actions the UE need to take, the less power is consumed.

2	Observations from history
Historically, it will take some time for chipset and handset manufacturers to implement efficient implementations of a newly defined standard. As an example, the work in [2] investigated the UE power consumption with different LTE UE generations as a function of time. One example from this work, illustrated in Figure 1, shows that early implementations of a UE may consume twice the power that is required in later generations. Hence, it can be seen that UE power efficiency will increase as technology and standard understanding improves. It should be noted that the UE power consumption in the below figure has been measured for different generations of UEs serving the same data rate (same network configuration and scheduling assumptions).
[image: ]
[bookmark: _Ref4498771]Figure 1 Illustration of UE power consumption for different generations of UE serving the same data rate [2]
Observation 1: UE power consumption for the same data rate generally decreases for newer generations of UE
Further, the work presented in [3] analysed the power consumption using conducted measurements on LTE smart phones, and here it was shown that UEs needed a DRX configuration with a DRX long cycle configured to be larger or equal to 80 ms before the UE was actually able to enter a very low power consumption state (i.e. the deep sleep). This is shown in Figure 2, which represents figure 7 of [3]. From this, it is seen that even that OnDuration is as short as 1 ms, there are several activities needed in the UE that may prevent the UE to completely power down. Furthermore, the measurements of [3] demonstrated that for DRX long cycles equal to or shorter than 20 ms, the UE was unable to apply even the light sleep (i.e. the power consumption during potential sleep time was equal to the OnDuration power consumption).  Newer implementations of modem functionalities may most likely have improved the power consumption for DRX.
[image: ]
[bookmark: _Ref4497305]Figure 2 UE power consumption measurement time trace for different DRX configurations [3]
Observation 2: Actual UE power consumption may not be according to the agreed power model as outlined in [1].

3	Power saving impact to network operation
As stated in the introduction, most of the assumed RAN1 power saving mechanisms are based on reducing UE activity in one or more domains to allow the UE to reduce its power consumption. However, having less activity on the UE side of the communication system will normally cause a penalty to the network in the sense of reduced scheduling flexibility, tighter requirements for processing, delayed measurement reports, etc.
Hence, it may be beneficial for the network to be able to evaluate whether the UE is able to obtain a real power saving benefit from applying a certain feature. This will allow the gNB scheduler to determine which configuration to use to attain the best possible power efficiency for the UE, given the constraints that will be applied to the network side as well. In order for allowing the network to obtain such information, we have the following proposals:
Proposal 1: There should be a possibility for the network to obtain information on UE power consumption under different configurations.
Although it might be attractive for the network to get absolute numbers for the specific UE power consumption, it should be acknowledged that such metric would not be desirable to reveal or even measure. From the network side, it would be sufficient to know which power saving gain would be possible when applying a specific configuration, and from that perspective, it would be sufficient to have relative power consumption to a specific configuration in the same way that the UE power consumption model of [1] has been defined.
Proposal 2: The reported UE power consumption may be relative and UE specific.
Proposal 3: RAN2 to study which specific configurations the reporting should be applied for. Categorization according to existing power model states [1] could be a starting point.

4	Conclusions
Based on the discussion and observations above, the following proposed:
Proposal 1: There should be a possibility for the network to obtain information on UE power consumption under different configurations.
Proposal 2: The reported UE power consumption may be relative and UE specific.
Proposal 3: RAN2 to study which specific configurations the reporting should be applied for. Categorization according to existing power model states [1] could be a starting point.
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Figure 2.9: Power consumption evolution with two fits. Data is for the common point where DL MCS

0, DL PRB 3 or 4, receive power -25 dBm, UL MCS 5 or 6, UL PRB 100, transmit power -40 dBn
Found in test case 2, 4, 5, and 6 and averaged.
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