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1 Introduction
The WI of RAN enhancements for extended DRX in LTE has been approved in RAN #67 [1]. Considering mobile terminated data with a delay tolerance in the order of minutes to an hour, the main objective of this WI is to extend the DRX cycles in both idle and connected mode, so as to provide additional power saving for UE. More specific RAN-related works are listed below.
	This work will continue the work started in Rel-12 in TR 23.887 and TR 37.869 for Extended DRX, by:

· Identifying the RAN impacts of extending the DRX cycle for both idle and connected mode [RAN2] :

· beyond 2.56s and up to values to be determined in conjunction with SA2/CT. 

NOTE:
Values (if any) that are identified to have CN impact will not be actioned in RAN without the corresponding work in SA2/CT.

· Performing the specification work resulting from the identified impacts on 

· Layer 2/3 protocols [RAN2]

· RRM core requirements [RAN4]


In this contribution, we discuss required RAN enhancements when extended idle-mode DRX (paging) cycle is configured.
2 Discussion
2.1 SFN for longer paging cycle
To allow power saving in the magnitude of an order of magnitude (factor 10) as described in the WID, we shall allow the paging cycle to be extended > factor 10. Currently the paging cycle is limited by SFN wrap around at 10.24s. Thus we propose that paging cycle range shall be extended to at least 10 minutes max value.
Proposal 1:
Paging cycle range is extended to at least 10 minutes.
Realization of SFN extension

Current paging mechanism does not work when the paging cycle is extended beyond 10.24s, unless the SFN is also extended.

The SFN extension is only required by UEs configured with extended paging cycle. The realization of SFN extension should be flexible and allow UEs taking normal paging cycle to read only legacy SFN. Two alternatives are given as follows.

Alt. 1: Addition of most significant bits to current SFN
The maximum supported cycle can be lengthened by adding MSBs to current 10-bit SFN. This method is straightforward and allows current mechanisms (e.g., PF calculation) to be reused. However, it requires some changes on current SFN specification. Also it should be noted that not every UE needs extended SFN.
Alt. 2: Introduce SFN “super cycle”
Another alternative is to introduce SFN super cycle with the length of 1024 radio frames (10.24s). With such a two-level frame indexing hierarchy, legacy UEs can ignore the super cycle. 

Alt. 2 is preferred as it is easier to make clear specification text to add a new concept as an add-on to current SFN than changing the description of current SFN, where the addition can be optional and shall be backwards compatible. Therefore we have the following proposal.
Proposal 2:
An explicit SFN super cycle index is introduced for UEs configured with extended paging cycle.
Legacy SFN is transmitted every 40ms in MIB message. To carry the newly introduced SFN super 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 super 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 super cycle index may be carried in an existing SIB.
Alt. 3: Introduce a new type of SIB
The proposed SFN super 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 super 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 super cycle index.
Paging occasion with SFN extension
UEs configured with extended paging cycle shall know the SFN super cycle counter. Due to the hierarchical system frame indexing, new mechanisms for UEs configured with extended paging cycle to find the PF needs to be defined. On the other hand, legacy PO calculation method within each PF can be reused.
There seems to be several alternatives: 

Alt 1: Use the legacy PF calculation with the condition that it is only valid in some SFN super cycles (Paging super frames) + add a new calculation to calculate Paging super frame(s) where paging can take place.
Alt 2: Use the legacy PF calculation with an extended SFN, which is calculated as SFN + additional most significant bits indicating SFN super cycle count.  
Alt 3: Specify a completely new PF calculation 

This issue probably needs further discussion, but we think that as baseline we should reuse the existing PF calculation, i.e. either Alt1 or Alt2. 

Proposal 4:
For UEs configured with extended paging cycle, reuse legacy PO calculation method within each PF and calculate the PF either by Alt 1: Use the legacy PF calculation with the condition that it is only valid in some SFN super cycles (Paging super frames) + add a new calculation to calculate Paging super frame(s) where paging can take place, or by Alt 2: Use the legacy PF calculation with an extended SFN, that is calculated as SFN + additional most significant bits indicating SFN super cycle count.

2.2 Paging robustness with extended paging cycle
An important concern of extended DRX is on the timing of paging. After very long sleep, a UE experiences risk of missing pages due to monitoring paging at wrong timing when moving into a new cell, as the paging frame in a new cell is at another point in time, when SFN is not synchronized between cells. For stationary UEs, slowly moving UEs, or UEs that only move within a single cell, paging robustness is not an issue. For moving UEs this is for sure an issue.

The problem scenario in slightly more detail: The cells may not be synchronized, and the SFN on the Uu interface at any given point in time may take different values in different cells. As a consequence, a particular SFN value that carries the PO for a specific UE will occur in different cells at different points in time. For a moving UE configured with extended paging cycle, its coverage cells may change several times during sleep. Then the wakeup time for paging may be always wrong, i.e. the UE calculates its PO based on the parameters of the old camped cell for which the UE is no longer in the coverage when it wakes up. In general, if the paging cycle is very long, a longer wakeup session is expected since the UE may need to go through a longer preparation.
To combat the missed paging issue at mobility, the UE may wake up more often to ensure that he is properly camped and reduce the risk of missed paging, however, increased number of wake ups defeats the power saving purpose of this work. 

Enhancements on paging mechanism are desired to improve the robustness and flexibility of paging while keeping good power consumption performance. We see the following alternatives.
Alt. 1: Network is SFN synchronized 
This alternative could provide good paging robustness and the best sleep time and lowest power consumption. However, it requires additional SFN synchronization mechanism among eNBs, which may not be supported by all eNBs. Probably the network can indicate to the UE whether SFN is synchronized or not.

Proposal 5:
The network shall indicate to the UE whether SFN is synchronized between cells or not.
SFN synchronization would also imply that SF super cycle is synchronized. 

If SFN-level synchronization among eNBs is not supported, UE may need to do additional wakeups (more often than required by DRX cycle) to ensure proper camping and that paging occasions are not missed when entering a new cell. 
Alt. 2: SFN super cycle synchronization
For cases when SFN cannot be synchronized, the network may maintain a (rough) synchronization at the super cycle level In this way, the number of additional wakeup occasions to ensure proper camping and a good likelihood to not miss paging, can be reduced, as the UE only need to invoke additional wakeups when he paging super frame might occur.  Also, this method brings the benefit that the MME could know roughly when to page.
Proposal 6:
For cases when SFN-level synchronization is not supported, SFN super cycle shall be (roughly) synchronized between cells.
Proposal 7:
SFN super cycle synchronization should be mandatory.
The essence of the proposals above is that the UE is expected manage its wake up occasions to ensure paging robustness when moving between cells, in particular for cases when SFN is not synchronized. We propose that the UE wake up behaviour is not strictly specified but a UE implementation issue, allowing e.g. UE optimizations depending on UE movement and speed. To ensure paging robustness, performance requirements could be specified.   
Proposal 8:
RAN2 to consult RAN4 on the paging robustness performance requirements for extended paging cycle.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
Paging cycle range is extended to at least 10 minutes.

Proposal 2:
An explicit SFN super cycle index is introduced for UEs configured with extended paging cycle.
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 super cycle index.

Proposal 4:
For UEs configured with extended paging cycle, reuse legacy PO calculation method within each PF and calculate the PF either by Alt 1: Use the legacy PF calculation with the condition that it is only valid in some SFN super cycles (Paging super frames) + add a new calculation to calculate Paging super frame(s) where paging can take place, or by Alt 2: Use the legacy PF calculation with an extended SFN, that is calculated as SFN + additional most significant bits indicating SFN super cycle count..

Proposal 5:
The network shall indicate to the UE whether SFN is synchronized between cells or not.
Proposal 6:
For cases when SFN-level synchronization is not supported, SFN super cycle shall be (roughly) synchronized between cells.

Proposal 7:
SFN super cycle synchronization should be mandatory.
Proposal 8:
RAN2 to consult RAN4 on the paging robustness performance requirements for extended paging cycle.
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