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1   Introduction
Following SA2 LS requesting RAN2 and GERAN2 inputs on MTCe solutions [1] for MTCe-UEPCOP and MTCe-SDDTE WIs, new SI was approved during RAN#59 plenary meeting to address this topic in RAN2. This Study Item’s objective is twofold: provide feedback on solutions identified in SA2 and enumerated in [1] and identify other RAN based solutions to address power consumption and small data transmissions issues. This paper focuses on UEPCOP aspects. We firstly analyse the solutions, which are indicated in [1], secondly we indicate main challenges associated with them and we conclude by proposing actions that should be undertaken by RAN2 to address them.
2   Discussion
In [1] SA2 requested RAN2 to investigate 5 solutions included in [2] for UEPCOP:

1. Ch. 7.1.3.1 “Extended DRX in idle mode”;

2. Ch. 7.1.3.2 “Extending DRX using UE Assistance Information”;

3. Ch. 7.1.3.5 “Transmission delay until better coverage conditions”;

4. Ch. 7.1.3.6 “Long DRX cycles in connected mode”; and

5. Ch. 7.1.3.7 “Factors for determining extended DRX”.

Solutions 2 refers in fact to possible implementation details of solutions based on extended DRX cycle length and will not be treated in this paper. We will therefore focus on solutions 1, 3, 4 and 5, which will be shortly analyzed below.
Solution 1 “Extended DRX in idle mode“
This solution seems to have quite a big potential in reducing power consumption especially for M2M devices, which transmit data only occasionally and reside in Idle mode for the majority of time (which covers a great number of M2M applications). However there are some drawbacks of this solution, which are already mentioned in the SA2 TR:
· limitation of maximum DRX length due to SFN 
· currently UE applies shortest of the provided DRX cycle lengths – this issue can be easily handled by changing the desired UE behaviour to apply dedicated DRX cycle length over the one signalled by the network
· to avoid unnecessary Paging of the UE while it has its receiver turned off, the network should be aware of UE being configured with extended DRX cycle length
· extended DRX cycle length means also worse UE responsiveness for mobile terminated transmissions, since UE is obliged to read only one Paging Occasion per DRX cycle

Moreover there are other problems, which are not mentioned in [2]:
· UE may also miss notification about SI change due to extended DRX cycle length

· the solution requires modifications in many parts of the network: UE, RAN and CN

· longer DRX cycle length affects also cell measurements, which can cause problems for Idle mode mobility (e.g. too late decisions about cell reselections, which in turn can cause unsuccessful transmissions leading to more repetitions and in fact bigger power consumption in some cases)
Solution 4 “Long DRX cycles in connected mode”
Extending DRX cycle length for Connected mode also has potential in reducing power consumption. Additionally keeping UE in Connected mode allows to reduce signalling linked with Connection Establishment procedure. On the other hand very long DRX cycle lengths (several minutes are mentioned in [2]) seem to be unreasonable. Additionally they can be applied only for really delay-tolerant M2M devices/applications and in this situation gains compared to going back to Idle mode are not so obvious and should be analyzed thoroughly. Moreover other drawbacks mentioned already in [2] apply:
· higher layer protocols timers need to be adjusted
· may cause big number of S1 errors and NAS recover, but also would significantly increase number of RLFs and HO failures, which means that solution is not actually applicable to mobile UEs
Solution 5 “Factors for determining extended DRX”
Some factors, which can be used for determining whether extended DRX cycle should be applied to a particular UE are mentioned in this solution. However based on the above analysis of extended DRX solutions and in order to avoid degradation in mobility mechanisms performance, we think that the most important factor to be considered is mobility state of the UE, i.e. whether the UE is moving or not. It is FFS how this could be achieved.
Solution 3 “Transmission delay until better coverage conditions”
This solution is meant for mobile, delay-tolerant MTC devices. However it is unclear without some simulations whether it will have desired effect in real life networks. In fact it can have totally reverse effect in some situations, because when UE delays transmission, it means that it has to perform further measurements and compare them with threshold, which is also power consuming. And after all it can turn out that conditions did not get better or could even get worse.
3   Conclusion
DRX mechanism is known to provide significant benefits in terms of power consumption reduction and further extending DRX cycle length will bring power consumption down even more. This is true both for Idle and Connected mode DRX mechanisms. It has to be noted that the former cannot be neglected, since even though power consumption is much lower in Idle mode compared to Connected mode, many of UEs, especially in MTC applications, reside in this mode for the great majority of time. However based on above analysis we identify two main issues with that solution:
1. Not suitable for moving UEs – DRX cycle length influences the performance of mobility procedures both in Idle and Connected mode, which can cause too late cell reselections, more RLFs and HO failures, which degrade user experience and overall network performance
2. Only suitable for UEs and applications, which can tolerate high latency for mobile terminated connections, since UE can be paged only at specified time depending on DRX configuration
Proposal 1: RAN2 should take into consideration the following issues, which may be caused by extending DRX cycle length for both Idle and Connected mode and indicate them in response LS to SA2:
1. Issue #1 – mobility performance degradation

2. Issue #2 – extended paging reception delay

As mentioned above to address first issue the solution based on extended DRX cycle length could be limited only to UEs, which are not moving. It should be noted that a great number of M2M applications utilize UEs, which after being installed in one place do not move at all. This includes also applications, which seem to have very big market potential and at the same time require very long battery lifetime like e.g. remote water and gas metering and sensors based applications. When it comes to smartphones, extended DRX cycle could be applied e.g. only when user stays in the same place and is not moving and deactivated when user becomes mobile. This way mobility performance problems mentioned above could be avoided, which is highly desirable.
Second issue will not actually exist for many M2M applications, but will still be relevant for some of the others and for data applications different than MTC. It has to be noted that apart from monitoring paging channel there are other power consuming tasks performed by UE like e.g. cell measurements, which could be limited without influencing periodicity of Paging Occasions monitoring and therefore without connection establishment time extension.
Proposal 2: RAN2 should propose measures and/or solutions, which will allow avoiding above issues (e.g. limiting the solutions only to not moving UEs, limiting cell measurements without influencing PCCH monitoring) in response LS to SA2.

4   Summary
Based on the above analysis and conclusions RAN2 is kindly asked to agree on following proposals:

Proposal 1: RAN2 should take into consideration the following issues, which may be caused by extending DRX cycle length for both Idle and Connected mode and indicate them in response LS to SA2:
1. Issue #1 – mobility performance degradation

2. Issue #2 – extended paging reception delay
Proposal 2: RAN2 should propose measures and/or solutions, which will allow avoiding above issues (e.g. limiting the solutions only to not moving UEs, limiting cell measurements without influencing PCCH monitoring) in response LS to SA2.
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