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Abstract of the contribution: Evaluates paging strategy solutions for idle mode Issue 2, and concludes that it is more efficient that a RAN based solution for determining the paging occasion is more efficient and should be adopted assuming RAN adopts a RAN based approach.
1.
Introduction

There are currently two solutions included in TR 23.770 regarding paging strategy.

Solution 1 (5.2.1): Paging coordination between CN and UE

· This solution relies on the UE and the core network to coordinate when the UE will be available for paging and when it will not.

Solution 2 (5.2.2): Paging Strategy Left to MME/SGSN Implementation 

· This solution relies on the UE following the RAN paging occasion based on extended SFN

· The Core network only uses the knowledge of extended I-DRX cycle value for retransmission strategy 
2.
Comparison of approaches

Currently the UE only synchronizes with the NW, when the UE is idle mode DRX, when it leaves sleep state, it can always synchronize to the network and know the SFN, since it is broadcasted, and be prepared for the paging occasion. This means the UE can adjust any clock drift.

For extended DRX, it is preferable that this fundamental design principle is kept, i.e. the SFN is extended to accommodate larger values than the SFN range (e.g. 10.56s for E-UTRAN), so that when the UE wakes up from deep sleep to acquire the paging at the right paging occasion, it can resync. So for example, for an extended I-DRX value of 10 minutes, the UE will compensate any clock drift at most every 10 minutes. 

If the extended DRX is negotiated between UE and MME, and synchronization of clocks is required between UE and SGSN/MME, and there is no explicit broadcast of extended SFN, or any mode of synchronization through broadcast, the UE will not be able to compensate the clock drift with the MME’s until the UE connects again with the MME. If there is no data or control plane signalling for  a while, even when the UE is waking up every 10 minutes to acquire paging, since the extended DRX sync is with the SGSN/MME, the clock drift between UE and SGSN/MME continues and is not compensated. So the clocks between UE and SGSN/MME for extended DRX may drift for hours, which potentially means that the time the UE is awake for paging and the SGSN/MME thinks the UE is awake for paging may drift enough to lead to inefficiencies. 
There are two possible inefficiencies:

· If the SGSN/MME sends the paging request earlier than the UE wakes up, then the eNB may page the UE before the UE wakes up and the page will be lost. This is a source of paging loss and overhead that is not due to normal mobility of out of coverage, but caused by de-synchronization between UE and SGSN/MME. Therefore, this could lead to unnecessary overhead in paging resources.

·  If the UE wakes up before the SGSN/MME sends the paging, the UE will be acquiring paging in legacy paging occasions when the SGSN/MME is holding a page, and will have to wait for some time before the page is sent, which leads to larger time the UE needs to be awake, and inefficiency in power consumption.

This solution then requires a large enough active time in the UE to cover for the clock drifting for potentially hours. 

To compensate for that issue, for Solution 1, the active time of the UE must be quite large to take into consideration clock drifting, which is quite inefficient in terms of power consumption or paging resource overhead as mentioned above. 

	Evaluation point 1: It is much more efficient for the UE to only sync with the RAN on the paging occasion, and RAN extending SFN, as the UE can frequently compensate clock drifts and the UE and RAN have a clear understanding of when the page will be sent. Solution 1 (Coordination between UE and CN) with no broadcast signalling would require the UE to be awake for several legacy POs in order to take into consideration clock potentially drifting for hours.


Another approach is that the RAN broadcasts the time in SIB, but that requires the UE to have to read this SIB, which would normally not be broadcasted at a high frequency, which also has power impacts. This also has overhead impacts as the RAN is now required to broadcast the SIB. Also, this does not exist in UTRAN. The impacts of defining a new SIB seem similar to extending the SFN, as it has broadcast signalling impacts. 
For Solution 1 it is also not clear (yet):
· How paging resource management is performed. RAN has a natural way of spreading the paging occasions across the whole DRX cycle, making it less probable to run into paging capacity issues. 
· For the case the UE and MME coordinate the start of paging window with the RRC release, this becomes an issue since when the UE is active for paging depends on when RRC connection is released.
· It is not clear how system information update works. Currently, the RAN pages all devices. But if RAN is using legacy DRX to determine how long to page devices, devices using extended DRX will likely miss this page. 
Also, if the coordination of UE and SGSN/MME of when paging window starts is based on when RRC connection is released, there are cases where the RRC connection is internally released in the UE and RAN, e.g. in case of RLF. RLF detection may occur at different times in UE and RRC, and if RLF recovery fails, then the extended DRX times will not be in sync in UE and SGSN/MME.
3.
Background of RAN design
Although the details of how RAN based solution need to be studied and concluded in RAN WGs. Here’s a basic description of what Qualcomm intends to propose in RAN to solve the issue of sync to the RAN for extended DRX, mobility across cells and reliability.
The basic concept would be as follows (for E-UTRAN, GERAN/UTRAN would be similar):

· Introduce a hyper-SFN (H-SFN) (6 to 8 bits, 8 bits preferred) to extended the current SFN
· Transparent to legacy UEs
· UE has a  paging hyper-frame (PH) occasion to monitor its paging frames 
· Within a PH there could be one or more PFs (PFs follow a normal DRX cycle, e.g 1.28s) 
· Number of normal DRX cycles is part of extended DRX configuration
· Within the PH the UE can be scheduled for multiple (e.g. 2,3,4) paging occasions to increase reliability if for some reason the UE cannot acquire the first paging message. How many paging occasions within a PH is negotiated. 
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UE maintains synchronization with the RAN for paging. If UE’s clock drifts (e.g during deep sleep), it re-acquires timing without establishing an RRC connection.

Semi synchronous SFN
In case of re-selection during extended DRX, it would be good that the paging occasion for a device is at similar times in different cells on same paging area.  

Therefore, eNBs within a tracking area should be loosely synchronized (within 10.24s). This can be achieved by all eNBs syncing the Hyper SFN to a certain time of day. With that, Hyper SFN does not differ by more than 1 (i.e. paging occasions are within 10 seconds for different E-UTRAN cells). This can be done by configuration and does not require signalling across eNBs.

In the example below, all eNBs synchronize their Hyper SFN so that the H-SFN=0 at 00:00AM. 
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The above approach is a possible design that solves the issue of mobility when in extended I-DRX and reliability of paging in RAN.

Also, in case there is a benefit in storing the paging request in the core network instead of RAN the MME can know the paging hyper-frame (PH) of the UE, since this is derived from the UE ID available at MME and the H-SFN is synchronized to the time of day. So the MME can hold the paging request if the extended I-DRX cycle value is in the order of minutes. Note that in that case the MME should send the paging request well in advance of the start of the UE’s PH. Note that the eNB will hold the page until the right paging occasion occurs since the eNB is aware of the extended DRX paging occasion.
4.
Conclusion
Conclusion 1: It is concluded that a solution where the RAN explicitly broadcasts an extended DRX is more efficient in terms of power consumption, and should be adopted from SA2 perspective pending confirmation from RAN WGs.

It is proposed that Conclusions section in TR 23.770 reflect the preference from SA2 to adopt a RAN based solution for paging coordination for extended I-DRX.

5.
Proposed changes to TR 23.770


First Change

5.2.2
Solution 2: Paging Strategy Left to MME/SGSN Implementation 
5.2.2.1
Description

The solution allows the MME/SGSN to decide the paging strategy to use when an extended DRX cycle is involved.

Since I-DRX and extended I-DRX cycles are signalled over NAS, the SGSN/MME is aware whether a UE idle mode is using I-DRX, extended I-DRX.

When an SGSN/MME needs to page a UE using extended I-DRX, it sends the first paging request without any wait. 

For paging retransmissions, the MME/SGSN determines the paging retransmission strategy for extended I-DRX situations similar as it already does for I-DRX. An additional information to take into account for deciding on a paging retransmission strategy is the value of the extended I-DRX cycle.

This solution assumes that the RAN and UE behaviour in extended I-DRX is such that the reliability of the UE being able to receive the paging at its paging occasion is similar to the reliability for normal DRX.

 NOTE: 
How to achieve such paging reliability for extended I-DRX is left to RAN WGs as captured in subclause 4.3.
5.2.2.2
Impacts on existing nodes and functionality
In MME/SGSN:

-
Adjust paging retransmission strategy when an extended I-DRX cycle is involved.

In UE/RAN node:

-
Impact on maintaining paging reliability is FFS in RAN/GERAN..
5.2.2.3
Solution Evaluation

The solution provides a minimal impact method to determine the paging strategy to use when an extended DRX cycle is involved. Only the MME/SGSN is impacted, and normative changes to core network specifications are not required. Impact on RAN/GERAN need to be evaluated by RAN/GERAN.


Second Change

7.1
Overall Evaluation for Idle Mode DRX

For Issue 2: Paging strategy in CN that fits the needs of the extended DRX cycle and normal DRX cycle.
Solution 2, which is based on a RAN centric approach that follows the same principles as today, has the following advantages:

-
The UE is fully synchronized with the RAN, as the extended DRX information is broadcasted (e.g. extended SFN) which allows for the most power savings, as the UE needs to only to wake up for its paging occasion. The RAN is fully aware of the UE’s paging occasion so there is no chance for paging the UE when the UE is not awake. 
-
There is little impact to the core network, as it mainly only needs to know the extended I-DRX cycle value for paging retransmission strategy. (An optimization where the SGSN/MME is vaguely aware of UE’s paging occasion within an SFN range can be considered if RAN requires so, as per Annex B).
-
Better management of paging resources as RAN defines the paging occasions for extended I-DRX, decreasing chances of paging resources congestion.
One possible thing that could be seen as disadvantage of Solution 2, is that there are RAN impacts. However, when seen as a whole, with other features being included for MTC with large RAN impacts, like coverage enhancements (including paging for coverage enhancements), low cost features like narrowband operation, etc., this should not be seen as a big impact. It is to be noted that 3GPP has already defined a solution with no RAN impacts in Rel-12, and it is expected that a solution with RAN impacts is acceptable in REl-13 timeframe, since RAN2 has opened a work item (not a study item). 
On the other hand, Solution 1 has the following disadvantages:

-
For the baseline solution (no SIB with timing information), synchronization between UE and SGSN/MME is not as accurate, which means that either the UE needs to wake up and be reachable for paging  (paging window) for a relatively long time, compared to Solution 2 (UE wakes up well in advance of possible paging from SGSN/MME) or if the SGSN/MME sends paging before UE wakes up, there is possibility of missed paging due to UE not waking up yet.

-
That means that this solution is suboptimal in terms of power savings.
-
For the case of timing information in SIB, this is not widely deployed in E-UTRAN and is non existent in UTRAN, so it can be considered an impact in signalling OTA. Therefore, it has the only disadvantage from Solution 2 (RAN impacts) and it adds more impacts in the core network.
-
RAN can only manage paging resources within a legacy DRX cycle, and not throughout the extended DRX cycle, which means that for solutions where the core network is not able to spread the paging windows for extended DRX, there may be more chances of paging resources congestion.
-
It is not clear how system information update works if the RAN is unaware of the use of extended I-DRX.

Third Change

8
Conclusions

Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the work item activities. This should also capture the guiding principles and documentation approach for creating CRs to normative specifications within the responsibility of SA2.
For Issue 2: Paging strategy in CN that fits the needs of the extended DRX cycle and normal DRX cycle.
It is preferred that Solution 2, which relies on the paging occasion for extended I-DRX being determined in RAN, is adopted in Rel-13, as it leads to better performance. Since there are RAN impacts, it is up to RAN WGs to confirm that such solution is feasible from RAN perspective. In case RAN WGs decide that a RAN based approach is not feasible, Solution 1, although suboptimal and less preferred, is a feasible solution.

Fifth Change

Annex B:
Example solution for paging for extended I-DRX with extended SFN 

Although the details of how RAN based solution need to be studied and concluded in RAN WGs, this section provides an idea of how a solution for extended I-DRX with broadcasted extended SFN could be defined in RAN. 

NOTE: This section is based on a company contribution, and is not meant to be considered an endorsement from SA2.
The basic concept would be as follows (for E-UTRAN, GERAN/UTRAN would be similar):

· Introduce a hyper-SFN (H-SFN) (6 to 8 bits, 8 bits preferred) to extended the current SFN
· Transparent to legacy UEs

· UE has a  paging hyper-frame (PH) occasion to monitor its paging frames 

· Within a PH there could be one or more PFs (PFs follow a normal DRX cycle, e.g 1.28s) 

· Number of normal DRX cycles is part of extended DRX configuration
· Within the PH the UE can be scheduled for multiple (e.g. 2,3,4) paging occasions to increase reliability if for some reason the UE cannot acquire the first paging message. How many paging occasions within a PH is negotiated. 
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UE maintains synchronization with the RAN for paging. If UE’s clock drifts (e.g during deep sleep), it re-acquires timing without establishing an RRC connection.

Semi synchronous SFN

In case of re-selection during extended DRX, it would be good that the paging occasion for a device is at similar times in different cells on same paging area.  

Therefore, eNBs within a tracking area should be loosely synchronized (within 10.24s). This can be achieved by all eNBs syncing the Hyper SFN to a certain time of day. With that, Hyper SFN does not differ by more than 1 (i.e. paging occasions are within 10 seconds for different E-UTRAN cells). This can be done by configuration and does not require signalling across eNBs.

In the example below, all eNBs synchronize their Hyper SFN so that the H-SFN=0 at 00:00AM. 
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The above approach is a possible design that solves the issue of mobility when in extended I-DRX and reliability of paging in RAN.

Also, in case there is a benefit in storing the paging request in the core network instead of RAN the MME can know the paging hyper-frame (PH) of the UE, since this is derived from the UE ID available at MME and the H-SFN is synchronized to the time of day. So the MME can hold the paging request if the extended I-DRX cycle value is in the order of minutes. Note that in that case the MME should send the paging request well in advance of the start of the UE’s PH. Note that the eNB will hold the page until the right paging occasion occurs since the eNB is aware of the extended DRX paging occasion.
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