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1   Introduction
For UE battery consumption optimizations RAN2 decided to focus on solutions basing on extending DRX cycles in Idle or in Connected mode as they seem to have the biggest potential. Additionally after last SA2#98 meeting there are two other mechanisms left under consideration, which can serve the same purpose: Power Saving State for Devices and Attach/detach [1].  This paper firstly presents some power consumption tests results performed on a laboratory LTE platform and a short analysis of the results is conducted and based on it the way forward is proposed for UEPCOP building block. 
Secondly the contribution discusses benefits of introduction of Low-mobility state for UE and describes a new power consumption optimization solution based on it.
Finally we refer to an LS coming from SA2 concerning solution “Core Network assisted eNB parameters tuning for small data transfer".
2   Tests results
Below the results of some power consumption measurements tests are presented. The tests were performed using LTE hardware in laboratory conditions with dedicated battery consumption measurement hardware and software. The testbed configuration is presented below for information. A device under test was an M2M device embedded with miniPCI modem with LTE cat. 3 chipset. 
The test scenario was based on the use cases described by ETSI in Annex C of [2] and comprises of the following steps:

1. connection to an FTP server

2. transmission of a 10/100/1000 bytes packet

3. disconnection from the FTP server

4. 1 hour of standby

5. repeat the cycle from points 1 to 4
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Figure 1 Power measurement setup

Several dependencies were tested:

6. Power consumption with different Idle DRX cycle lengths

7. Power consumption with different RRC inactivity timers

8. Power consumption in Idle vs. detached state.
Power consumption with different Idle DRX cycle lengths
Figure 2 presents the power consumption of the device for different DRX cycle length in Idle mode.
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Figure 2 DefaultPagingCycle vs. power consumption in idle state

It can be seen that extending the DRX cycle length in Idle mode provides some benefits, but they are quite limited. The difference between 320ms and 1.28s is around 10%. It can be best explained by looking at the Figure 3.
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Figure 3 Power consumption during idle state – DefaultPagingCycle = 128 RF
It can be seen that power consumption is on the stable level of around 560mW with peaks when UE wakes up to listen for paging. The peaks occur less often with longer DRX cycle lengths, but their impact on overall power consumption is limited.

Power consumption in Idle vs. detached state

Figure 4 presents average power consumption of the UE in Idle and detached states.
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Figure 4 Average power consumption in idle and detached states
It can be seen that in the detached state the power consumption of the device was 27% lower than in Idle mode. Although paging cycle of 1.28s was used for the tests, the previous results showed that the value of 400mW would not be achievable for this particular device even with longer DRX cycle lengths. The results above present a situation in which UE stays in Idle or detached state and sends no data. However also the power consumption for the scenario described above was measured and the results were 25% better for the case where UE is detached at the beginning, sends the data and detaches again compared to UE starting in Idle mode, sending data and going back to Idle.
Obviously the DUT was not a UE optimized for power efficiency. Nevertheless the test results give some indication about the achievable gains in case long IAT are concerned. Therefore it should be carefully studied whether extending DRX cycle in Idle mode over 10.24s, where it has a big impact on system and specifications (extension of SFN, modified SI acquisition procedure, impact on paging reception and mobility performance etc.), is justified. RAN2 should thoroughly analyze whether this brings any gains over easier to implement solutions like Power Saving State for Devices or Attach/detach.

Proposal 1: RAN2 should focus on extending DRX cycle length to up to 10.24s. Extending DRX cycle length over this value may not be beneficial compared to other solutions (Power Saving State, Attach/detach) and should be carefully analyzed.
Power consumption with different RRC inactivity timers

Figure 3 presents the power consumption of the device with different RRC inactivity timers configured.
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Figure 5 RRC inactivity timer vs. power consumption during one test scenario

It can be seen that the total power consumption during one transmission scenario is strongly dependant on the setting of RRC inactivity timer. Transmission of 10 bytes, even with the overhead of connecting to a FTP server, takes such a short amount of time in an LTE system that the UE should have the shortest possible transition to idle times to minimise power consumption. The power consumption of a whole considered procedure with a 1 second RRC inactivity timer is almost 89% lower than with this parameter set to 15. The problem with current system implementations is that this parameter is cell specific, so it cannot be optimized for MTC UEs, which coexist with smartphone UEs in the network. Therefore it should be made possible for the network to set RRC inactivity timer per UE. eNB could make a decision of this timer’s length based on the subscription information and/or additional assistance/historical information coming from CN during connection establishment procedure (e.g. in Initial Context Setup Request message).
Proposal 2: It should be possible for the RAN to set UE specific RRC inactivity timer based on the subscription and/or assistance/historical information coming from CN. This solution should be included in the TR as an additional UEPCOP solution.
3   Other aspects of UEPCOP and SDDTE
Low-mobility state
In [3] we proposed the introduction of Low-mobility state. Here we repeat this proposal and mention several benefits of doing that. These benefits can be even higher now when RAN2 agreed to standardize a procedure of UE informing the network of its mobility state at connection setup as part of HetNets WI [4].
Firstly it could be used by the network when a decision about keeping particular UE in Connected mode and configuring it with longer Connected mode DRX cycles is made for the sake of frequent small data transmissions. It was pointed out that this solution is mainly applicable to stationary UEs as otherwise signalling linked with mobility has to be considered. Additionally when mobile UEs are configured with longer DRX cycles, the mobility performance can be severely impacted.
Secondly also in [3] we indicated (and it seems to be the common understanding as well) that any battery consumption enhancements based on longer DRX cycles can be applied only to UEs, which can tolerate high transmission delays. This is the case for most MTC applications. However other data applications will not be able to benefit from these enhancements whereas short battery life time is a known issue also for smartphone users. In [3] and [5] it was suggested that a way to avoid this problem would be to specify a power consumption optimization mechanisms basing on modification of measurements procedures and/or requirements. Of course it would be safe to apply such modifications only to stationary UEs (permanently or temporarily so that smartphones lying on the table for 3 hours or the whole night can also benefit from it). Therefore we propose a solution in which after transitioning into Low-mobility state following the procedure described below the UE performs measurements with relaxed requirements. In Idle mode it could happen automatically and in Connected mode, after network is notified of UEs Low-mobility state it takes this information into consideration when configuring the measurements to be performed by this specific UE (e.g. does not configure neighbour measurements). The relaxed measurement requirements should be specified by RAN4 taking into consideration that a UE is not moving and therefore its radio conditions are quite stable. 
To make it simple Low-mobility state would be detected in the same way as it is done today for Medium and High-mobility states i.e.

· new parameter TLM is signalled together with parameters for Medium and High-mobility states 
· if a UE does not perform any cell reselection or handover during a given time TLM it should enter Low-mobility state
Proposal 3: A solution concerning relaxed measurements requirements for UEs in Low-mobility state should be included in the TR.
Comment on “LS on requesting further input on MTCe solution 5.1.2.3.1”
 In the LS SA2 says: “SA2 believes that per UE specific decision to keep UE in connected or idle mode is beneficial for decreasing the signalling load for frequent (small) data transmission. It is SA2 understanding that at idle mode mobility any historical information, such as collected statistic at the previous eNB(s), would be unavailable at new eNB, i.e. new eNB would need to take fresh decision for how long time to keep the UE in connected mode.” Please note that according to the LS “The solution in 5.1.2.3.1 does not intend to provide CN generated exact value of the connected state radio parameters to eNB/RNC”. We agree with SA2 that it would be beneficial that CN provides assistance information to the eNB, which based on this can make optimal decisions about e.g. configuration of Connected and Idle DRX cycles lengths and RRC inactivity timer as mentioned below. The information could be a mix of subscription data coming from HSS (e.g. that this specific UE is MTC device and short inactivity timer is preferred or it can tolerate delays imposed by long DRX cycle length) and some historical information collected by MME from eNBs (e.g. traffic characteristics data). Please note that the solution might be useful not only for SDDTE, but also for UEPCOP part of the study.
Proposal 4: RAN2 should define what kind of information coming from CN would be useful for RAN to optimize parameters like UE specific RRC inactivity timer or DRX cycle lengths.
4   Summary
Based on the above analysis and conclusions RAN2 is kindly asked to agree on following proposals:

Proposal 1: RAN2 should focus on extending DRX cycle length to up to 10.24s. Extending DRX cycle length over this value may not be beneficial compared to other solutions (Power Saving State, Attach/detach) and should be carefully analyzed.
Proposal 2: It should be possible for the RAN to set UE specific inactivity timer based on the subscription and/or assistance/historical information coming from CN. This solution should be included in the TR as an additional UEPCOP solution.
Proposal 3: A solution concerning relaxed measurements requirements for UEs in Low-mobility state should be included in the TR.
Proposal 4: RAN2 should define what kind of information coming from CN would be useful for RAN to optimize parameters like UE specific RRC inactivity timer or DRX cycle lengths.
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