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1 Introduction
Agreements at RAN2#90 (1):

· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  

· For connected mode, the DRX cycle can be extended up to 10.24sec.  FFS whether the DRX should be extended past 10.24s.  

· Respond to SA2 to capture the RAN2 agreements on idle mode and connected mode.  For connected mode, we will capture that RAN2 is still studying the impacts of extending past 10.24s and would like to ask SA2 input on CN impacts and acceptable ranges from SA2 point of view.  

For idle mode:

· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  

· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  

Agreements at RAN2 #91 (2):
To improve power saving gains, the UE should be able to re-synchronize over Uu with the RAN without sending uplink signalling (i.e. H-SFN or time clock broadcast information).

H-SFN based paging will be adopted in the RAN  

RAN2 has agreed that it would be desirable to minimize or avoid storing paging messages in eNB.  To avoid storing of paging message would require the MME to have some awareness of approximate time of when the UE will become reachable.  It is up to SA2 how this is achieved.

For paging robustness purposes for mobile UEs, some lose H-SFN synchronization between cells may be required
The agreements above note the advantage of loose timing alignment between cells for the purpose of not having to store paging messages in the eNB and that loose synchronisation can help with paging robustness. Loose synchronisation is not ideal from the perspective of UE power consumption and for reliable paging of a UE that is mobile and using eDRX. Static UEs that are on the border between two cells may also suffer from missed pages and more power consumption.  Ideally the best power saving may be achieved by not having to wake the UE very early or stay in the receiving state for longer than absolutely necessary.
Precise timing alignment between cells would be ideal. Even relatively close alignment (ie. ~10ms) would only require a UE to wake this much earlier in order to cover the expected possible spread of timings of adjacent cells. It is also important to include the UEs clock accuracy in its early wake timing budget.
This degree of precision was not considered. The current objective is a loose timing synchronisation that may be around 10s or less. This has some consequences form the perspective of paging success and power usage for UEs that are mobile while in long idle mode eDRX.
2 Extent of loose timing between cells
The implication of having only a loose synchronisation between cells is that a UE that enters a sleep cycle in one eNB area cannot be assured to be time aligned with the timing of another eNB. Upon waking from a long eDRX sleep, a UE can detect that it has moved to a different cell and can read the SFN count by receiving the MIB. If the SFN count in the new cell is delayed then the UE could go into a short sleep and wake at the expected time. However it is not possible to know if the new cell actually has advanced timing relative to the previous, meaning that the PO has been missed and the SFN is already in a new 10.24s count. Reading a H-SFN enables the UE to get back in sync, at the expense the power needed to receive and decode the SIB. Once the H-SFN has been read the UE may make the correct decision to wait for the delayed PO, or if it has been missed, to wait a full eDRX cycle until the next PO.
If the timing synchronisation between the adjacent cells can be assured to be significantly less than10.24s and the UE can be assured of its own clock accuracy, reading the SFN alone can be used to re-synchronise the UE. The UE can avoid the need to read a SIB to get the H-SFN. The H-SFN may be read in cases where the UE determines a need, such as an extreme temperature change during a long eDRX cycle that may be known to affect clock accuracy.
If loose synchronism of adjacent cells can be specified to be less than half (5.12s) of the SFN count range in the MIB (10.24s) then UEs can unambiguously determine their timing in a new cell by reading only the SFN in the MIB in the new cell. Allowing for a UE timing inaccuracy of as much as, for example, 1 second (ie 500ppm at 30 minutes) the UE can still avoid a need to read the H-SFN if the loose synchronisation is 4 seconds.
Figure 1 below illustrates this by showing the difference between an inter cell timing difference of 10.24s and a shorter one of 2.56s.

Observation 1: A timing alignment between cells that is less than half of the SFN count can enable a UE to save more power by not reading the H-SFN.
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Figure 1  An inter cell timing spread less than half of the SFN count in the MIB enables the UE to avoid the necessity to read the H-SFN count when it detects that it has woken in a different cell.

3 Improving paging success when mobile
Some other advantages of the tighter synchronism between cells are as follows.

It has been agreed that pages may be repeated. If inter cell timing alignment is less than the time between the repeated paging occasions of one eDRX cycle, a UE that wakes to find itself in a new cell that is relatively time advanced and has missed the first PO can resynchronise and wake at least for the PO repetition. This avoids the need to wake to check timing and also avoids the need to wait another whole eDRX cycle until the next PO. For example if the time spread of the cells is 2.56s and inter repeated PO time is less than that the UE has a chance to catch the repeat of the PO.
The UE can also take advantage of an assured tighter timing alignment between cells by waking early enough before the worst case anticipated timing misalignment and checking for a change of cell and the current SFN count. The UE can then resynchronise as necessary and then sleep again until the paging occasion. This technique would improve the chance to receive a page. Only if the cell changes again in this short sleep will the UE potentially miss the PO. The disadvantage is the power used to do the pre-check of timing. This technique provides an assurance of PO reception with mobility. If the eDRX interval is short then it might be better to wait for the PO after the next eDRX cycle.
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Figure 2 UE Waking on the expected PO and adjusting its timing to receive available PO on a different cell with and without waking early specifically to check timing.

Observation 2: a shorter time alignment offers additional opportunities for the UE to save power and improve paging success. 

Proposal 1: Consider specifying an inter-cell timing alignment of less than 4 seconds.

If some bits of the H-SFN count can be placed in spare bits of the MIB this increases the amount of time difference that a UE can accommodate without needing to read the SIB to check timing. For example one bit of a H-SFN count increases the available range to half of 20.48s. With a 1 second UE inaccuracy this allows for 9seconds of loose synchronism between adjacent cells.
Observation 3: Implementing some bits of the H-SFN count in the MIB offers the power saving advantage of UEs not having the read a SIB over a wider range of cell to cell timing difference.

Proposal 2: If loose synchronism must be greater than 4 seconds, consider adding one or more H-SFN count bits to the MIB. 
4 Conclusions
Observation 1: A timing alignment between cells that is less than half of the SFN count can enable a UE to save more power by not reading the H-SFN.
Observation 2: a shorter time alignment offers additional opportunities for the UE to save power and improve paging success. 

Proposal 1: Consider specifying an inter-cell timing alignment of less than 4 seconds.

Observation 3: Implementing some bits of the H-SFN count in the MIB offers the power saving advantage of UEs not having the read a SIB over a wider range of cell to cell timing difference.

Proposal 2: If loose synchronism must be greater than 4 seconds, consider adding one or more H-SFN count bits to the MIB. 
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