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1 Introduction
At RAN2#90 the following was agreed: 
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.  

This document briefly analyses the solutions on the table and proposes a way forward. 
2 Discussion 1, High level solution
2.1 Solution 1, Hyper SFN
The basic principles of this solution are: 
·  SFN is extended by a hyper-frame level, where the hyper-frame count is added to system information. 

·  Within paging hyper-frame(s) the legacy paging formula can be used to calculate PF/PO. 

·  Cells are synchronized as far as possible, on SFN hyper frame level, so that even if a UE has changed cell, the UE only need to wake up at a paging SFN hyper-frame. 

·  If necessary, MME could be made aware of SFN hyper-frame synchronization in the network, to know when approximately to send paging. 

2.2 Solution 2, Time based

The basic principles of this solution are: 

·  The UE and MME maintains a common timing. 

·  The UE wakes up at predetermined times, and is awake during a time window, during which the legacy paging formula can be used to calculate PF/PO. 
2.3 Comparison
	
	Hyper SFN
	Time Based

	Usage of legacy paging formula. 
	Yes
	Yes

	Paging repetition for robustness
	Yes
	Yes

	Risk of missed paging due to UE cell change
	Low, hyper SFN is synchronized btw cells
	Low

	MME awareness of paging timing
	Yes, accuracy +- half SFN cycle
	Yes, within the SFN cycle following the UE wake up.

	Network Complexity
	Hyper SFN synchronization is non-complex. It has lower accuracy requirements (+- 5s) than OAM time-stamping. 
	The time maintenance and time server function in the network seems not very complex. Accuracy requirements seems low (+- 1s?)

	UE Complexity
	Reading the time directly from the Uu interface is very robust and non-complex. 
	Maintaining common time between UE and MME would come with higher complexity. Triggers to resynch are needed, procedure for synch is needed etc. 


Observation: The two solutions on the table have similar characteristics. The differentiating point seems to be the UE complexity where it is easier for the UE to just read the timing from the Uu interface whenever needed, rather than maintaining time between UE and MME. 
Proposal 1: Adopt the Hyper SFN solution to determine when the UE shall wake up. 
3 Discussion 2, Details
3.1 Realization of SFN extension

Proposal 2:
An explicit SFN hyper cycle index is introduced.

Legacy SFN is transmitted every 40ms in MIB message. To carry the newly introduced SFN hyper cycle index, we see the following alternatives.

Alt. 1: Utilize the spare bits in MIB

There are 10 spare bits in current MIB structure. By utilizing all these bits, up to 1024 SFN hyper cycles in each repetition can be supported, and the maximum allowed paging cycle can be extended to almost 3 hours. Though significant improvement is observed, the paging cycle is still limited. Moreover, we believe that the spare bits in MIB should be left for more important extensions in the future.

Alt. 2: Introduce new IE in an existing type of SIB

The SFN hyper cycle index may be carried in an existing SIB.
Alt. 3: Introduce a new type of SIB
The proposed SFN hyper cycle index is only required by UEs using DRX cycle longer than 10.24s. In addition, the delay tolerance is usually longer for such UEs. Therefore, the SFN hyper cycle index may be carried by a new SIB with relatively long periodicity.
Proposal 3:
Introduce a new IE in an existing type of SIB, e.g. SIB1 or SIB2, or introduce a new SIB type to carry optional SFN hyper cycle index.

4 Conclusion
Observation: The two solutions on the table have similar characteristics. The differentiating point seems to be the UE complexity where it is easier for the UE to just read the timing from the Uu interface whenever needed, rather than maintaining time between UE and MME. 

Proposal 1:  Adopt the Hyper SFN solution to determine when the UE shall wake up. 

Proposal 2:
An explicit SFN hyper cycle index is introduced.

Proposal 3:
Introduce a new IE in an existing type of SIB, e.g. SIB1 or SIB2, or introduce a new SIB type to carry optional SFN hyper cycle index.
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