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1 Introduction
RAN has approved this work item (1) with an objective to extend DRX up to about 1 hour. In this contribution we consider some of the consequences of this and propose some solutions.
2 Paging Occasion in eDRX
The legacy paging mechanism defines a paging occasion based on a maximum interval specified in legacy SIB2. The time can be reduced from that for individual UEs by higher layer signaling. The paging occasion is determined dependent on this and the T-IMSI or IMSI of the UE-ID. This mechanism can only define the DRX and PO within 2.56 s.
A UE that enters eDRX will need to know when to wake to receive a possible page after around 1 hour. The existing mechanism does not provide means to accommodate this.
Observation 1: The existing paging occasion determination mechanism cannot be used for extended DRX up to about 1 hour.

The eNB could directly define for each UE the sleep time interval until its next PO. This level of direct control has some advantages. For example, UEs in enhanced coverage could have their paging occasions grouped together independently of their identification. This would enable the eNB to send additional repetitions of PSS/SSS, SIBs, nb-SIBs or paging signals to enable the UEs to be able to receive this information in a shorter time, which will enable them to save power. The grouping of these repetitions at discrete times for the benefit of UEs that can use them would be more efficient than having to send repetitions more frequently to accommodate UEs with a wide range of POs.
It may be anticipated that UEs that use eDRX in enhanced coverage can expect a low volume of pages. If it is necessary to send pages to them then only a few of the total number of UEs served by an eNB may need to be paged at any one paging occasion. Multiple repetitions of these pages may be need to be sent. This should not result in excessive demands on paging resources even when the UEs use a common paging occasion. 

Proposal 1: UEs in eDRX should be signaled individually to tell them when their paging occasion will be.

3 SIB change notification in eDRX

Grouping of UEs for paging may not work for SIB change notification. The current mechanism of alerting of new SIB information to UEs includes sending pages (P-RNTI) to them individually. If this was to be done for UEs in enhanced coverage and in eDRX it implies a need for a large volume of paging all at around the same time. This may not be practical. UEs in enhanced coverage may need to read the nb-SIB1 in order to determine if it has changed.
Observation 2: UEs that use enhanced coverage may need to receive nb-SIB1 in order to determine whether SIBs have changed because it may not be practical to page them individually.
4 System timing for eDRX

There is currently no timing information available from the eNB beyond the 10.24s SFN count. Without providing any further timing information a UE could possibly be told to wake periodically on a long eDRX cycle. The start time would need to be referenced from the time that the assignment is made, on an individual basis. A disadvantage of this is that the UE may not receive the command at a precise time, especially in enhanced coverage, if the time when it has received enough repetitions needed to decode the command is approximate.
Ideally a UE would wake for its PO for the shortest possible time in order to save power. Using a cheap crystal for timing, with an accuracy of 10ppm, a UE could expect wake with an accuracy of +/-5ms after about 83 minutes. This would enable a UE to wake within the frame before its PO and to be able to receive the PSS/SSS of the frame in which it would expect to see its PO. This would enable the UE to time-align to the frame.
A potential problem is that if the UE’s own timing becomes inaccurate it may wake before or after the correct frame for its paging occasion. The UE will not be able to determine that this fault has occurred since all frames will appear the same and if it sees no page it may assume no page was directed to it. Pages sent to the UE will then fail consistently and detection of this problem will be delayed at least until the next time the UE initiates a communication.
Observation 3: The current timing indication is not sufficient to meet the needs of UEs using eDRX, especially in enhanced coverage.

An extended count of SFN could be implemented that would give the UEs something to check their own timing against when waking. It has been agreed in RAN2 to implement a longer BCCH modification period that will be a multiple of the legacy modification period. Using two spare MIB bits the SFN count could go up to 40.96s. Legacy UEs would not see these bits and would be unaffected by them. This type of count could also aid in timing for eDRX.
Proposal 2: Two spare bits of the MIB should be used to extend the SFN count to 40.96s.
Additional SFN count bits sent in another place such as a regularly repeated narrow band SIB2 (nb-SIB2) could be used to extend the SFN count to the amount of time of the longest allowed eDRX interval. For example, if 7 bits in nb-SIB2 incremented by one for each 40.96s completion of the MIB count it would be possible to mark time absolutely up to 5242.88s, which is almost 1½ hours. The state of the 7 bits count in nb-SIB2 will remain constant for each consecutive 40.96s which will be useful for UEs in enhanced coverage to read multiple copies of them when necessary.
Once a UE is established on correct PO time intervals by reading the extended SFN count, an inexpensive 10ppm crystal would be able to accurately wake a UE to match a 1 hour paging occasion without needing to receive the transmitted SFN count to affirm correct timing. The UE could re-synchonise to the PSS/SSS in the frame where it wakes for its PO and then go back to sleep until the next PO. The UE could therefore save the power needed to receive the nb-SIB2. It could still reaffirm its timing every few paging occasions, and it will also do this when required to periodically refresh its SIB information. Less accurate and lower cost timers may also be used, either with correspondingly shorter eDRX intervals or the UE may wake earlier in order to check timing. A trade-off between UE cost and on-time power usage is therefore possible.
Proposal 3: Additional SFN counting bits should be provided in a new nb-SIB2 to extend the SFN count to at least one hour.
5 Conclusion
Observation 1: The existing paging occasion determination mechanism cannot be used for extended DRX up to about 1 hour.

Proposal 1: UEs in eDRX should be signaled individually to tell them when their paging occasion will be.

Observation 2: UEs that use enhanced coverage may need to receive nb-SIB1 in order to determine whether SIBs have changed because it may not be practical to page them individually.
Observation 3: The current timing indication is not sufficient to meet the needs of UEs using eDRX, especially in enhanced coverage.

Proposal 2: Two spare bits of the MIB should be used to extend the SFN count to 40.96s.
Proposal 3: Additional SFN counting bits should be provided in a new nb-SIB2 to extend the SFN count to at least one hour.
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