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In RAN2 #105, a new use case for RAN-centric data collection and utilization on collecting UE energy efficiency metrics [1] has been presented and discussed, however, consensus was not reached on whether to include the use case to the study. It was agreed to follow up in email discussion.
	[105#43][NR/RD-CU] Use case of UE energy saving (MediaTek)
	Identify the use case and benefit of UE energy saving related information collection
	Intended outcome: Report of email discussion
	Deadline: Thursday 28/03/2019



The target of this discussion is to first increase the understanding on the observations on UE energy efficiency for NR and then discuss the metrics for UE energy efficiency.
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NR UE energy efficiency
According to GTI white paper [2], high-end mobile devices with 5G modem are expected to feature advanced components e.g. display, processors, graphic engine, etc. Added up, these render power management to be very challenging. In other words, power efficiency is critical for every single component, in particular for the modem itself, regardless of the power source used (e.g. battery capacity and technology).
Battery lifetime is an important criterion directly affecting user experience – no matter how good the other performance aspects of a device may be, if its battery lifetime is poor, user experience will be greatly impacted. To ensure a smooth migration from 4G to 5G, the battery lifetime should thus be, under similar criteria, on par or better using 5G than 4G. 
Therefore, network and UE vendors have a common interest in ensuring that the 5G NR ecosystem is able to maximize battery lifetime for all its users in all conditions. This means network and UE ought to cooperate to ensure lower baseline power and maintain better efficiency with all data rates, as shown below.
3GPP has started an effort, i.e. power saving SI [3], to achieve this target. From the study, reducing the power consumption in RRC_Connected mode is the primary target. As the UE behavior in RRC_Connected mode is controlled by the network, the joint role of the UE and the network to reduce power consumption in this state is clear. 

Q1: Do you agree following observations:
1) In comparison with LTE, it is critical for NR modem to have lower baseline power and maintain better or at least similar power efficiency per bps with all data rates
2) Power saving in RRC_Connected mode is the main target and power saving requires joint efforts between network and UE.
	Company
	Yes/No
	Comment

	Huawei, HiSilicon
	
	No strong opinion on 1).
For 2), we understand that if the UE goes into RRC_Connected mode, the network’s job is to serve the UE in order to meet the requirements of different services. So we are not sure about “the main target” here. For “power saving requires joint efforts between network and UE”, generally we think it is reasonable and it depends on UE and network implementations.
Rapporteur reply: On “main target”, we mean CONN is the main target for power saving study.

	CATT
	
	We agree the intention, but not really sure if these observations can reflect the requirments to add a new use case, as these observations are quite generic. 

	Ericsson
	
	In general, it makes sense to be on par or better than LTE but there is no clear target on this even in the UE energy efficiency WI.
We agree that RRC connected mode is more power hungry than idle/inactive mode and several features to reduce some of the connected mode overhead are being looked into in the  UE EE WI.  

	OPPO
	Yes
	We consider this intention is reasonable and observations are correct

	Qualcomm
	
	Similar view as CATT

	Nokia, Nokia Shanghai Bell
	
	1) In our understanding, NR UE modem should offer higher efficiency, in comparison to LTE, by design
2) We agree that power use and saving requires joint effort between network and the UE and depends on implementations and configurations

	
	
	

	MediaTek
	Yes
	Even with higher power efficiency with LTE, 5G device is expected to operate at much higher data rate and the combined effect still results in high power consumption. If there is no major advance on battery technology, network and UE need to do more in CONN to match the LTE power performance. For FR2, the situation is even worse.

	CMCC
	Yes
	1)  Yes, we share same view that power efficiency for NR should no less than LTE, in order to have better user experience.
2) We agree.



Observation 1:	8 companies replied Q1: 3 companies agree with observations and all companies agree that Power saving in RRC_Connected mode is the main target and power saving requires joint efforts between network and UE. 
Proposal 1:	Power saving in RRC_Connected requires joint efforts between network and UE.

For 5G/NR design, network energy efficiency and UE energy efficiency are listed as two key performance indicators in [4].
For UE energy efficiency, which means the capability of a UE to sustain much better mobile broadband data rate while minimizing the UE modem energy consumption both qualitative and quantitative KPIs are required. Although only a qualitative KPI is captured now, it is also specified that based on the study, more detailed quantitative assessment can be performed and a conclusion on this matter is expected from the on-going power saving study.

Q2: Do you agree that UE energy efficiency is one of the 5G/NR key performance indicator and a quantitative assessment should be considered? If no, why?
	Company
	Yes/No
	Comment

	Huawei, HiSilicon
	
	We agree with the first part of Q2, as UE energy efficiency has already been captured in [4].
For the second part, it is not easy to answer it now. In [4], lots of KPIs are defined, but some of them do not have detailed quantitative assessments. We understand that if the KPI is network or UE implementation, maybe we do not need to consider a quantitative assessment in the standard.

	CATT
	
	As mentioned by Rapporteur, “more detailed quantitative assessment can be performed and a conclusion on this matter is expected from the on-going power saving study”, we are not sure if more assessment should be done by this SI.

	Ericsson
	
	Same view as CATT. 

	OPPO
	Yes
	We think energy efficiency could be one aspect considered from user experience perspective.

	Nokia, Nokia Shanghai Bell
	
	It is important performance indicator. A quantity assessment could be considered to monitor and optimize low performing models. It requires further investigation if standardized indicator would offer comparable results.

	MediaTek
	Yes
	Listing available power saving feature, e.g. DRX, does not guarantee good power performance in reality. The real UE power performance depends on the proper configuration and scheduling decision.  

	CMCC
	Yes
	We support to report standardized quantitative KPI to network side to reflect UE power efficiency, which can be utilized for assist on at least CA/DC configuration.  



Observation 2:	7 companies replied Q2: 4 companies support to consider quantitative assessment for UE energy efficiency, 2 companies are not sure about more assessment, 1 company thinks no need to consider quantitative assessment.
[bookmark: _GoBack]Proposal 2:	R2 continues to discuss quantitative measurement for UE energy efficiency. 

NR UE energy efficiency metrics
On one hand, although it is always possible to measure power consumption of a UE , in the UE, it is not sufficient as it is a) vendor dependent, and b) not trackable by operators. On the other hand, as explained above, it is the very power consumption resulting from the usage of 5G NR technology that ought to assessed – as argued above, this is directly linked to how the network operates the UE i.e. what kind of configurations it uses with the UE. Such configurations following 3GPP specifications, their energy efficiency (and in turn UE energy efficiency) can therefore be fully assessed and tracked in a reliable fashion. As a result, it is our understanding that the definition of a reliable UE energy efficiency (UE EE) KPI consistent across UE vendors, and fully trackable in 5G networks by operators is feasible. 
The definition of a UE EE KPI would further allow operators to assess the effect of a given feature (e.g. power saving feature) on the UE power consumption. .

Q3: Do you agree that following requirements for UE energy efficiency metrics? Please add necessary requirements.
1) Vendor independent, i.e. standard power consumption model
2) Track-able by operators
3) Directly related to 5G NR configuration
4) Able to assess the power consumption effect of a given feature
5) More?
	Company
	Comment

	Huawei, HiSilicon
	Before discussing the requirements, we would like to understand more about the values of the UE EE KPI.
If the intention is to let network help UE to do the power saving, we wonder how it works. Currently, if the UE is in RRC_Connected mode, the network performs RRM handling for the UE and one of RRM is scheduling. It is our understanding that the NR UE power will be consumed more compared to LTE due to some advanced features. From power saving point of view, it might mean: less scheduling, not using advanced features, quickly release of UE, and etc, however, these means will impact RRM and user experience a lot.

For the requirements, we do not have strong opinions on 1) and 4), but we have some questions on other ones:
- for 2), we are not sure what is the value for operators if operators get the UE EE metrics
- for 3), we are not clear about this one. There may be lots of 5G NR configurations, and which one(s) is mentioned here?

	Ericsson
	We share similar views as Huawei. If the intention is to disable certain features, we think that there will be other indirect overheads, for example, not configuring the UE to perform RRM measurements on a frequency where cells have multi beams, the network loses the option of using a frequency for offloading the UE. This will in turn increase the network load in the source frequency which leads to poor KPIs on throughput, delay etc. 

	OPPO
	We don’t have strong position regarding the requirements. About 3), whether all configuration needs to be considered, and could you elaborate more about which aspects need to be considered here.

	Nokia, Nokia Shanghai Bell
	Even standard power consumption (Vendor independent) model would not guarantee comparable results due to requirement with 3) and 4). From the NW perspective, it would require scheduling and configuring two UEs exactly at the same manner to deduce which UE has issues with energy efficiency. While the UEs may still have different battery characteristics and capacity, thus, it may get impractical to draw a conclusion, which UE performs worse (it might be allowed by design).
Different scenarios, different users’ needs, configurations, and diversity in traffic control puts fundamental challenges to the metric practical use. 


	MediaTek
	We consider vendor independent is the most important requirement. This is split the responsibility between network and UE. With a proper metric, UE and network can focus on optimization on their part, for example, UE to improve the power consumption on each state and battery, and network to improve configuration and scheduling to be power consumption friendly.

On the concerns from HW and Ericsson, advanced features can reduce transmission/reception time, which results in less power saving, so it actually improves power performance with less delay, so if there is any impact on user experience it should be positive impact. In addition, network is still required to enforce QoS on PER and delay budget, so it’d not impact user experience. 
With proper metric, a network that can deliver same amount of data with the least amount of energy would score higher than a network uses more energy to deliver the same amount of data.


	CMCC
	We are OK with R1~4. 
To our understanding, this KPI can assist operator and network vendor to better supervise UE power efficiency for each feature or configuration. It doesn’t necessary mean to prevent some specific feature or measurement configuration. EE KPI is not the only KPI for feature or configuration assessment.



Observation 3:	6 companies replied Q3: no concern on requirement 1), no consensus on other requirements.
Proposal 3:	Vendor independent is a requirement for energy efficiency metrics. Other requirements are FFS.

On requirement 1), the main difficulty has been lying in the lack of a commonly agreed power consumption model. However, this hurdle has recently been removed with the latest progress of the RAN1 study on NR UE power saving – a UE power consumption model is agreed and captured in TR [5].

Q4: Do you agree that the result of R1 study on NR UE power saving can be used for NR UE energy efficiency? If no, why?
	Company
	Yes/No
	Comment

	Huawei, HiSilicon
	Yes
	

	Ericsson
	
	If RAN2 needs to look at the complete model for UE EE, then RAN2 should also consider RAN2 aspects of the RAN1 power saving study, i.e. look at the impact on mobility, and other RAN2 features such as impact on cDRX, etc. RAN1 mainly simulated the potential power saving gains, but also RAN2 and RAN4 (e.g. relaxed RRM measurements) should have a look at these proposals, i.e. it is not so that when RAN1 has shown some gain, that we can do it.

	OPPO
	Yes
	

	Qualcomm
	Yes
	But need to discuss case by case

	Nokia, Nokia Shanghai Bell
	Yes
	

	MediaTek
	Yes
	

	CMCC
	Yes
	



Observation 4:	7 companies replied Q4: 6 companies agree that R1 power consumption model can be used, 1 company thinks more study is needed.
Proposal 4:	R1 power consumption model is used as a baseline for vendor independent energy efficiency metrics.

Similar to the definition of network EE KPI, one possible example to represent the UE EE is bit per Joule. The metric is defined as below

· Data Volume [bit] represents the traffic volume for the UE for a given duration.
· Energy Consumption [estimated Joule] represents the total energy consumption of the UE for a given duration, which is the summation of power consumption (i.e. product of Relative Power and time duration) in all Power State as defined in [5]. 

Q5: Do you agree above metric can objectively represent NR UE energy efficiency? Please list your concerns.
	Company
	Yes/No
	Comment

	Huawei, HiSilicon
	
	As commented to Q3, we would like to understand more about the values of the UE EE KPI.
To us, energy consumption is currently being evaluated by NR power saving SI and there may be some candidate solutions. It is our understanding that it may be easy to only compare energy consumption, but it may be difficult to compare EE as EE has both data volume and energy consumption metrics.

	Ericsson
	
	Same comment as Q3.

	OPPO
	
	We are not sure whether this could be regarded as objective but could be one option.

	Qualcomm
	
	The UE power model agreed in RAN1 is intended as a tool to compare power saving gain across proposals for evaluation purpose; This model assumed reference configuration is very specific and the model is not generic enough to be used outside of evaluation purpose.
· A few examples:
· “reference SCS” is assumed: 30kHz SCS for FR1 and 120 kHz SCS for FR2
· Downlink: TDD, FR1, 30 kHz SCS,  1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
· Limited uplink modelling: only one to two Tx power levels
· Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm 
· If the intention is to optimize NW configuration to improve UE power, this would not be practical as the model is just a model.
· UE assistance information for UE to feedback preferred configuration/parameters for power saving will be discussed in RAN1. This is a much more directly and effective framework.
· If the intention is just for NW’s information and no practical use, not sure why we need to have further specification.
· NW operators are aware of this power model defined in the TR and they can use it if they want
MediaTek reply: we under there is limitation on current R1 model, but think it is valid baseline for a simplified vendor independent model.
We do not see how it conflicts UE assistance information, they are addressing different needs.


	Nokia, Nokia Shanghai Bell
	
	We concur that energy consumption studies require certain modelling. Thus, the evaluations better fit NR power saving SI. If this is positively concluded under the NR power saving SI, and further introduced in the following WI, it could be easily conveyed by RAN DCU signalling. 

	MediaTek
	Yes
	

	CMCC
	Yes
	We don’t have strong opinion on the formula. Bit per Joule looks reasonable.

	
	
	



Observation 5:	7 companies replied Q5:  2 company support, 1 company think it is an option, 1 company thinks the model is not generic enough, 1 company thinks we need to wait for SI conclusion, 2 companies have concerns.

Q6: With link configuration, scheduling record, and throughput/data volume information, do you agree above metric can be calculated by RAN?
	Company
	Yes/No
	Comment

	Qualcomm
	Yes
	

	Nokia, Nokia Shanghai Bell
	
	The NW has the ability to calculate the metrics, but to make the additional joint estimate (based on UE input) implies further new requirements on synchronized and a common modeling on timing and the amount of traffic to be measured. 

	MediaTek
	Yes
	

	
	
	

	
	
	



Observation 6:	3 companies replied Q6:  2 companies agree that metric can be calculated by RAN, 1 company think UE assistance is needed.

Q7: Regarding above metric, do you see the need for UE assistance?
	Company
	Yes/No
	Comment

	Qualcomm
	No
	We are not sure how UE can assist. It is difficult for UE to isolate modem power efficiency and other parts of power efficiency (e.g. CPU, screen.). In addition, since RAN can estimate UE EE, UE assistance is not required 

	Nokia, Nokia Shanghai Bell
	
	We have some doubts about practical use 

	MediaTek
	No
	

	
	
	

	
	
	



Observation 7:	3 companies replied Q7:  2 companies agree that UE assistance is not needed, 1 company has doubt.

Q8: Do you see other alternative or complementary metrics? Please list alternative.
	Company
	Comment

	
	

	
	

	
	



Q9: Any other aspects for NR UE EE metrics?
	Company
	Comment

	
	

	
	

	
	



Conclusion
Observation 1:	8 companies replied Q1: 3 companies agree with observations and all companies agree that Power saving in RRC_Connected mode is the main target and power saving requires joint efforts between network and UE. 
Proposal 1:	Power saving in RRC_Connected requires joint efforts between network and UE.
Observation 2:	7 companies replied Q2: 4 companies support to consider quantitative assessment for UE energy efficiency, 2 companies are not sure about more assessment, 1 company thinks no need to consider quantitative assessment.
Proposal 2:	R2 continues to discuss quantitative measurement for UE energy efficiency. 
Observation 3:	6 companies replied Q3: no question on requirement 1), no consensus on other requirements.
Proposal 3:	Vendor independent is a requirement for energy efficiency metrics. Other requirements are FFS.
Observation 4:	6 companies replied Q4: 5 companies agree that R1 power consumption model can be used, 1 company thinks more study is needed.
Proposal 4:	R1 power consumption model is used as a baseline for vendor independent energy efficiency metrics.
Observation 5:	7 companies replied Q5:  2 company support, 1 company think it is an option, 1 company thinks the model is not generic enough, 1 company thinks we need to wait for SI conclusion, 2 companies have concerns.
Observation 6:	3 companies replied Q6:  2 companies agree that metric can be calculated by RAN, 1 company think UE assistance is needed.
Observation 7:	3 companies replied Q7:  2 companies agree that UE assistance is not needed, 1 company has doubt.
Proposal 5:	Based on email discussion conclusion, R2 agrees to include following TP for UE energy saving in TR.
Text Proposal
3.2.x Use case: UE energy saving [Proposed by MediaTek]
According to GTI white paper [1], high-end mobile devices with 5G modem are expected to feature advanced components e.g. display, processors, graphic engine, etc. Added up, these render power management to be very challenging. In other words, power efficiency is critical for every single component, in particular for the modem itself, regardless of the power source used (e.g. battery capacity and technology).
Battery lifetime is an important criterion directly affecting user experience – no matter how good the other performance aspects of a device may be, if its battery lifetime is poor, user experience will be greatly impacted. To ensure a smooth migration from 4G to 5G, the battery lifetime should thus be, under similar criteria, on par or better using 5G than 4G. 
Therefore, network and UE vendors have a common interest in ensuring that the 5G NR ecosystem is able to maximize battery lifetime for all its users in all conditions. This means network and UE ought to cooperate to ensure lower baseline power and maintain better efficiency with all data rates, as shown below.
[image: ]
Figure 1: UE power variation with data rate
3GPP has started an effort, i.e. power saving SI [2], to achieve this target. From the study, as shown on Figure 2, for different traffic types, roughly less than 36% of the total power consumption occurs in sleep state (~RRC_Idle mode). Said otherwise, reducing the power consumption in RRC_Connected mode is the primary target. As the UE behavior in RRC_Connected mode is controlled by the network, the joint role of the UE and the network to reduce power consumption in this state is clear. 

[image: ]
Figure 2: Power consumption distribution for different traffic models
For 5G/NR design, network energy efficiency and UE energy efficiency are listed as two key performance indicators in [3]. 
For network energy efficiency, both qualitative and quantitative KPIs are proposed. In case of quantitative KPI, bit per Joule is used see §7.19 in [3].
For UE energy efficiency, which means the capability of a UE to sustain much better mobile broadband data rate while minimizing the UE modem energy consumption both qualitative and quantitative KPIs are required. Although only a qualitative KPI is captured now, it is also specified that based on the study, more detailed quantitative assessment can be performed.
Although it is possible to measure power consumption of a UE directly, such direct measurement is vendor dependent, i.e. only represent the power consumption of a specific UE model, and it can only represent UE part of the power saving efforts. There is a need for a UE energy efficiency (UE EE) measurement to represent the network part of the power saving efforts, which can be used for network optimization. R1 power consumption model agreed in [2] can be used as a baseline for such vendor-independent UE energy efficiency measurement.
A reliable quantitative KPI UE energy efficiency (UE EE) shall be consistent across UE vendors.
The objective of this use case is to measure UE energy efficiency through RAN data collection, therefore, the effect of power saving features can be objectively reflected, which in the end leads to network and UE to work together to maximize UE battery lifetime and enhance user experience.
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