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1. Introduction

From the RAN2#81bis meeting, RAN2 has been discussing UEPCOP solutions. It seems obvious that the extended DRX approach is considered as a main issue. Accordingly, RAN2 needs to carefully evaluate the impacts in the case of the extended DRX. This paper will observe the extended DRX approach for the initial discussion. 
2. Discussion
2.1 Solutions identified by SA2 for UEPCOP
In [1] and [2], SA2 introduces four approaches for the power saving of MTC device as follows:
· A1: Extended DRX in idle mode

· A2: Extending DRX using UE Assistance Information

· A3: Transmission delay until better coverage conditions

· A4: Long DRX cycles in connected mode

A1, A2 and A4 are focusing on adjusting the DRX cycle suitable for the power saving. A3 is an opputunistic approach. The detailed descriptions for each solution are provided in the Appendix.

The approach A3 is suitable for moving MTC devices because it can maximize the time/spacial diversity gain for the moving devices. However, if the MTC device tries to access so infrequently, the gain is so trivial with the approach. Furthermore, it could be solved by an implementation rather than standardization.
Most of solutions, i.e. A1, A2 and A4, are based on the extended DRX cycle. Most MTC devices would try to access so infrequently, and their services would be delay-tolerant. Accordingly, it seems a redanduncy to monitor PDCCH every DRX cycle of which the period is quite short, e.g. up to 2.56 sec in the current specification. Therefore, the extended DRX is so useful to save the power consumption for the MTC devices. 
Proposal 1: RAN2 starts discussing the approaches to adjust DRX cycle suitable for the power saving of MTC device. The discussion for the approach ‘transmission delay until better coverage conditions’ is deprioritized.
2.2 Extended DRX in IDLE or both?

Most MTC devices would try to access so infrequently, e.g. once per a few days or month. It is assumed that the MTC device transmits or receives a small data for the short connected time, and then comes back to IDLE. It means that the MTC devices would spend most of their time at IDLE. Accordingly, ‘Extended DRX in idle mode’ is so useful to save UE power consumption. The meausurement would be performed during Active time of DRX process to reduce the additional UE power consumption. Accordingly, there could be mobility problems, e.g. missing cell reselection or camped in wrong cell, for non-stationary MTC device. But, since it could be solved with simple solutions, e.g. performing cell reselection before paging reception, it is not serious.
On the other hand, ‘Long DRX cycles in connected mode’ is focusing on UE power saving for CONN only. Its usefulness would be maximized if ‘Keep the UE in connected mode’ in SDDTE is applied because the longer connected mode is kept. However, the applicability for this approach is limited for stationary MTC device only because signalling overhead will be extremely increased in order to support mobility for non-stationary MTC device. Accordingly, ‘Long DRX cycles in connected mode’ is not a general solution for all type of MTC devices. 

As initial stage for discussion, it is proposed to discuss ‘Extended DRX in idle mode’ as the first preference.
Proposal 2: ‘Extended DRX in idle mode’ is more preferable rather than ‘Long DRX cycles in connected mode’.

If longer DRX cycle is applicable, several enhancements can be considered depending on how long the DRX cycle is extended. In section 2.3, 2.4 and 2.5, the expected considerations will be introduced.
2.3 SI notification and update for longer DRX cycle

If longer DRX cycle over modification period is applied, the MTC device can miss the notification of SI change as shown in Fig. 1. It means that the MTC device will not try to receive the updated SI. The updated IS can interrupt MTC device to receive the PDCCH or Paging at the coming Active time of DRX process. Or due to missing SIB14, MTC device can try to access even though its access has been barred. Accordingly, a mechanism could be required, e.g. check SI before paging reception. The detailed solution is FFS. 
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Fig. 1 Missing SI notification
Proposal 3: RAN2 to discuss the enhancements for SI notification and update if longer DRX cycle over modification period is accepted as a potential approach. 
2.4 Measurement issue

An enhancement for the current measurement mechanism could be required for the extended DRX cycle. For example, in the current specification TS36.133, IDLE UE performs the measurements every DRX cycle, and averages at least two measurement samples to determine a cell re-selection. If the longer DRX cycle, i.e. a few minutes or hours, is applied, it would not make sense that two samples being apart from each so far away are averaged. Accordingly, for the extended DRX, only one measurement sample could be usable. As the potential solutions, one measurement sample could be acceptable for only the case of the extended DRX. Or the multiple measurement samples are collected every DRX cycle while considering a short time interval, e.g. up to 2.56 sec, between the samples. The detailed enhancement is FFS.
Proposal 4: RAN2 to discuss the UE behaviour for measurements if longer DRX cycle over modification period is accepted as a potential approach. 
2.5 Reliability for Paging Reception

Another problem due to longer DRX cycle is that MTC device has to wait for so long time if a Paging reception fails as shown in Fig. 2 (a). The problem would be serious if the extened DRX cycle is so long, e.g. a few days. A solution is to send multiple Pagings every a DRX cycle, see Fig.2 (b). On the other hand, if the DRX cycle is extened up to 10.24 sec, the problem would not be serious because the most services for MTC devices are delay-tolerant. 
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Fig. 2 Reliability for Paging reception
Proposal 5: RAN2 to consider the reliability for Paging reception if longer DRX cycle is accepted as a potential approach. 
3. Conclusion
From the above observation, we would like to propose:
Proposal 1: RAN2 starts discussing the approaches to adjust DRX cycle suitable for the power saving of MTC device. The discussion for the approach ‘transmission delay until better coverage conditions’ is deprioritized.
Proposal 2: ‘Extended DRX in idle mode’ is preferable rather than ‘Long DRX cycles in connected mode’.

Proposal 3: RAN2 to discuss the enhancements for SI notification and update if longer DRX cycle over modification period is accepted as a potential approach. 

Proposal 4: RAN2 to discuss UE behaviour for measurements if longer DRX cycle over modification period is accepted as a potential approach. 
Proposal 5: RAN2 to improve the reliability for Paging reception if longer DRX cycle is accepted as a potential approach. 
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5. Appendix
5.1 A1: Extended DRX in idle mode

MTC device provides their capability for supporting the extended DRX to MME either by an explicit capability indication or implicitly when requesting the extended DRX cycle value. The support of extended DRX of the RAN nodes could be informed to the MME by using S1/Iu signalling, OA&M method, or manual configuration. If supported, MME then needs to indicate eNB to adopt the UE specific DRX value in the paging message rather than the shortest one of the UE specific DRX value and a default DRX value broadcast in system information. The MTC device also ignores the default value broadcasted in the system information and adopt the reported one.

5.2 A2: Extending DRX using UE Assistance Information
If the connected MTC device sends PPI (Power Preference Indication) to its serving eNB, the eNB shall reconfigure the longer DRX cycle. Also for the extended paging DRX, eNB shall configure the longer paging DRX by using RRC Connection Release. After going to idle mode, the idle MTC device uses the extended paing DRX. As in A1, MTC device, eNB and MME shall exchange their capability before configuring longer DRX. 

5.3 A3: Transmission delay until better coverage conditions

This solution allows MTC devices to transmit at lower power levels via transmission delay until better coverage conditions. When the MTC device is in idle mode and needs to connect in order to transmit and the coverage conditions are not good (below certain threshold), the transmission could be delayed until better coverage conditions. The MTC device can delay its transmission until a timer expires. This solution is applicable to moving MTC devices and to delay-tolerant MTC. And, if it is applied even for MT (i.e. downlink), the MTC device should report its channel quality to eNB. Since it results in the signalling overhead and higher complexity, it is not desirable to apply MT.

5.4 A4: Long DRX cycles in connected mode

The basic mechanism is same as the current DRX in connected mode, but allowing longer DRX cycles than the current DRX cycles set. It means long-lived connected mode. As in A1, MTC device, eNB and MME shall exchange their capability before configuring longer DRX.
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