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1 Introduction
In RAN#59 meeting, a new study item on RAN aspects of Machine Type and other mobile data applications Communications enhancements [1] was approved. As per the request from SA2 [2], the study item will investigate and evaluate the RAN-impacting solutions that have been proposed by SA2 for the SDDTE and UEPCOP Building Blocks.

In this contribution, we first propose several metrics for the evaluation of UEPCOP, and then give an initial evaluation on SA2 identified solutions based on the proposed metrics and the assumptions in [3]. 

2 Discussion
2.1 Metrics

In the coming LS from SA2 [2], it is mentioned that “SA2 would appreciate any feedback of at least the above listed solutions by RAN/GERAN on the type and amount of impacts, applicability and any other aspects that they think would be beneficial to consider as part of the architecture and development analysis work.”.
Further, SA2 has already explicitly specified the architecture goals for UE power consumption optimizations in TR 23.887 (see section 2.1.1), as below:
Architecture goals for UE power consumption optimizations include:

1.
Power consumption optimizations for cases when the UE stay in connected mode for long periods.

2.
Solutions for battery consumption efficiency shall not affect the ability to receive mobile terminating communications within an acceptable delay.
Taking the above requirement into account and from RAN2 perspective, at least the following metrics are considered beneficial and necessary for the evaluation of candidate solutions for UE power consumption optimizations:

1) Applicability
With this metric, we could see whether a certain solution could be applied for a wider range of mobile data applications comparing to others. For example, whether it could be applied for both idle mode and connected mode UEs, whether it could be applied for different packet inter-arrival times, whether it could be applied for different UE velocities, etc.

2) Power saving performance
With this metric, we could see whether a certain solution could save more power than another solution. 

3) Latency
With this metric, we could see whether a certain solution will increase the delay of a MO and/or MT call. Even though some mobile data applications are delay tolerant, it is still necessary to ensure the ability to receive mobile terminating communications within an acceptable delay.
4) Specification impacts
With this metric, we could see how much impacts on the current specification may be brought by a certain solution. For example, how many component procedures (e.g. mobility procedure, SIB update procedure, paging procedure, etc) will be impacted.
5) Implementation complexity
With this metric, we could see whether a certain solution will cause significant implementation complexity (for both UE side and network side).

6) Mobility robustness
With this metric, we could see whether a certain solution will cause significant impact on mobility robustness.

7) Impacts on signalling overhead
With this metric, we could see whether a certain solution will unnecessarily increase the signalling overhead.
Proposal 1: Agree on the following metrics for the evaluation of UE power consumption optimization:
1) Applicability
2) Power saving performance
3) Latency
4) Specification impacts
5) Implementation complexity
6) Mobility robustness

7) Impacts on signalling overhead

2.2 Initial evaluations
2.2.1 Solutions to be evaluated
So far, SA2 has already identified the following solutions for the evaluation work on UEPCOP in RAN [2]:
· Solution 1: Extended DRX in idle mode
· Solution 2: Extending DRX using UE Assistance Information
· Solution 3: Transmission delay until better coverage conditions
· Solution 4: Long DRX cycles in connected mode
· Solution 5: Factors for determining extended DRX
Solution 2 is a combination of solution 1 and solution 4, together with the UE assistance information (i.e. power preference indication) report from the UE to the eNB. If UE prefers a default configuration for power saving, then based on the implementation, the eNB could choose to either extend the paging DRX or extend the connected mode DRX.

Solution 5 is not an independent solution, and it is only about the factors which may influence the decision of extended long DRX for both idle mode and connected mode.

Proposal 2: Discuss whether solution “Extending DRX using UE Assistance Information” and solution “Factors for determining extended DRX” should be precluded from the evaluation.

2.2.2 Analysis of each solution
2.2.2.1   Solution: Extended DRX in idle mode
It is obvious that this solution is only applicable for idle mode UEs and infrequent data transmissions.
Regarding the power saving performance, it seems not easy to have a quantitative analysis on the exact performance before RAN2 agrees on the assumption and methodology. Nevertheless, there must be some power saving benefits from a qualitative analysis perspective where the power saving performance mainly depends on the extended DRX cycle length.
Regarding the latency, the extended DRX cycle may introduce a significant delay for the MT call due to the extended “sleeping time”.
This solution might have major specification impacts, depending on the maximum value of the extended DRX cycle. For example, if the extended DRX cycle is longer than the value that System Frame Number currently allows, i.e. 10240ms, then it may bring quite a lot of impacts on the current specifications e.g. it will impact the paging procedure and the system information update procedure. This solution will also change the existing rule of the paging cycle length negotiation, i.e. both the eNB and the UE may need to adopt the UE specific DRX value in the paging procedure rather than the shortest one of the UE specific DRX value and the default DRX value broadcast in system information. Furthermore, there will also be an impact on the UE measurement requirement (e.g. cell detection under different DRX cycles), which needs to be evaluated by RAN4.
With respect to the implementation complexity, it also depends on the changes needed for supporting the extended DRX cycle, e.g. extend the SFN space to support DRX cycle > 10.24s. For the mobility robustness, an extended DRX cycle may lead to a relaxed UE measurement requirements and hence result in a “slower” cell reselection. Note this also implies that this solution is probably only applicable for low speed or stationary UEs.
With respect to the signaling overhead, this solution does not introduce any additional signaling overhead compared to the legacy mechanism. 

2.2.2.2   Solution: Transmission delay until better coverage conditions
This solution is only applicable for idle mode UEs, however it is applicable for both frequent and infrequent data transmissions. Besides, since this solution requires a coverage condition change over a time period, it is probably only applicable for moving mobile terminals.
Regarding the power saving performance, it is questionable whether UE could always get the  power saving benefits, since sometimes delaying the transmission may not lead to improved coverage conditions.
When the UE needs to connect in order to transmit and the coverage conditions are not good (i.e. below the ‘signal quality threshold’), the transmission will be delayed until better coverage conditions. This means this solution will increase the latency, which is up to the length of ‘transmission delay timer’. 
With respect to the specification impacts, the idle-connected transition procedure will be impacted. For example, UE needs to check whether the current coverage condition is below the ‘signal quality threshold’ before the RRC connection setup, and if yes then delay the RRC connection setup and start the ‘transmission delay timer’. Further, the measurement procedure also might be impacted, since the UE might need to keep measuring during the ‘transmission delay timer’ in order to check whether coverage conditions are improved. Of course the behaviours above could be left to UE implementation, however this will correspondingly increase the implementation complexity.
With respect to the impacts on signaling overhead, since the ‘signal quality threshold’ and the ‘transmission delay timer’ will be configured by via OMA DM or be UE implementation specific, it will not unnecessarily increase the signaling overhead.
2.2.2.3   Solution: Long DRX cycles in connected mode
It is obvious that this solution is only applicable for connected mode UEs and infrequent data transmissions. Similar to solution “Extended DRX in idle mode”, this solution is only applicable for low speed or stationary UEs, since longer DRX cycle in connected mode may further delay the transmission of measurement report and the reception of handover command, which may further impact the UE radio connectivity. 
For the specification impacts, similar to solution “Extended DRX in idle mode”, if the extended DRX cycle is longer than the value that System Frame Number currently allows, i.e. 10240ms, then it may bring quite a lot of  impacts on the current specifications, e.g. it will impact the DRX operation procedure and the system information update procedure. The exact impacts on UE measurement requirement under longer DRX cycle are to be evaluated by RAN4.
For the implementation complexity, in addition to the complexity caused by the support of extend SFN space to support DRX cycle > 10.24s, since the number of UEs that are kept in connected mode increases, the eNB has to keep more contexts, which will also increase the eNB implementation complexity.
2.2.3 Summary

In this section, we will give a summary for the initial evaluations on different solutions.
Table 1: Summary of the initial evaluations
	
	Extended DRX in idle mode
	Transmission delay until better coverage conditions
	Long DRX cycles in connected mode

	Applicability
	Idle mode only;

infrequent data only;

low velocity or stationary;
	Idle mode only;

both frequent and infrequent data;

not stationary;
	Connected mode only;

infrequent data only;

low velocity or stationary;

	Power saving performance
	Can save power (exact performance depends on the extended DRX cycle length)
	Can save power or waste power
	Can save power (exact performance depends on the extended DRX cycle length)

	Latency
	Latency will be increased
	 Latency will be increased
	Latency will be increased

	Specification impacts (impacted procedures)
	Paging, measurement, system info update (significant impact if extended DRX cycle > 10.24s)
	Idle-connected transition, measurement
	DRX operation, measurement, system info update (significant impact if extended DRX cycle > 10.24s)

	Implementation complexity
	Extend the SFN space to support DRX cycle > 10.24s
	UE needs to run the ‘transmission delay timer’ (per UE or per application). UE needs to be smart enough when signal quality is getting worse over time.
	Extend the SFN space to support DRX cycle > 10.24s. eNB needs to maintain a large number of UE contexts. 

	Mobility robustness
	Has impact
	No impact
	Has impact

	Impacts on signalling overhead
	No impact 
	No impact
	No impact


It is proposed to use the initial evaluations in Table 1 as the baseline for further RAN2 discussion. Table 1 could be enclosed in the response LS to SA2 after the possible further update in the following RAN2 meetings.

Proposal 3: Discuss the initial evaluations summarized in Table 1 and use it as the baseline for further discussion.
3 Conclusion
In this contribution, we first proposed several metrics for the evaluation of UEPCOP. Then, after the analysis on the possible solutions based on the proposed metrics and the assumptions in [3], we summarized the initial evaluations in Table 1. RAN2 is kindly asked to discuss and agree on the following proposals:

Proposal 1: Agree on the following metrics for the evaluation of UE power consumption optimization:
1) Applicability
2) Power saving performance
3) Latency
4) Specification impacts
5) Implementation complexity
6) Mobility robustness

7) Impacts on signalling overhead

Proposal 2: Discuss whether solution “Extending DRX using UE Assistance Information” and solution “Factors for determining extended DRX” should be precluded from the evaluation.
Proposal 3: Discuss the initial evaluations summarized in Table 1 and use it as the baseline for further discussion.
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