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1.
Introduction
1.1 Background
In SA2#110, SA2 technically endorsed a series of CRs with dependency on RAN feedback on paging coordination, as captured in LS to RAN2: S2-152697:
· Solution 1: RAN based approach (SFN extension)
· Technically endorsed CR: S2-152354 (TS 23.401)
· Solution 2: Core Network based with event based time reference
· Technically endorsed CRs:  S2-152617 (TS 23.682), S2-152672 (TS 23.401)
· Solution 3: Core Network based with absolute time reference
· Technically endorsed CRs:  S2-152673 (TS 23.682), S2-152672 (TS 23.401)
1.2
RAN2 feedback

In RAN2#91, RAN2-LTE agreed to move forward with a RAN based approach, using Hyper SFN as SFN extension, as captured in LS R2-153914:

· RAN2 agreed to define a hyper-SFN (H-SFN) in the RAN in order to enable Rel. 13 extended DRX in idle mode. The motivation is to provide the means for a UE to be able to re-synchronize over Uu with the RAN without sending uplink signalling and to improve power saving gains.
· The hyper-SFN (H-SFN) is broadcasted by the cell. Each H-SFN corresponds to one SFN cycle (i.e, 10.24s).  

· It was observed that extended DRX operation requires storing of paging messages in the network for extended periods of time. RAN2 has agreed that it is desirable to minimize or avoid storing paging messages in the RAN nodes.


· Minimizing or avoiding storing of paging messages in the RAN nodes requires the MME to have some awareness of the approximate time when the UE will become reachable. How this is achieved is up to SA2.

· In order to ensure paging robustness when the UE moves between cells, it is necessary to provide a mechanism to minimize the probability of missing pages caused by a lack of any H-SFN synchronization in the network. Even though tight synchronization (such as SFN or subframe level) is not required, loose H-SFN synchronization is necessary in the network. 

· Loose H-SFN synchronization may be achieved if the H-SFN timing difference between the eNBs is at most in the range of the time window where paging repetitions are sent by the network to the UE within an eI-DRX cycle. 

Therefore, RAN2 has agreed to move forward with a solution based on RAN based approach with SFN extension, but with the following 2 open issues, which were not covered in the SA2 Solution 1 CRs:

· Issue 1: Loose synchronization between eNBs for mobility
· Issue 2: Loose awareness of MME of when the UE will be paged by eNB
1.2.1
Hyper SFN (H-SFN) and Paging Hyperframe (PH) overview
In the Outgoing LS R2-154991 the following characteristics from the H-SFN were further agreed in RAN2:

“RAN2 agreed to define the H-SFN as new frame structure on top of legacy SFN structure, where each H-SFN value corresponds to a cycle of the legacy SFN of 1024 radio frames, i.e. 10.24s. The e-DRX value range will consist of values that are a power of 2, starting from 5.12s (i.e. 5.12, 10.24, 20.48 etc) up to a maximum of 2621,44s (43.69 min).”
Therefore, the H-SFN is a means to extend the current SFN range which is limited to 0 to 1023, as depicted in the Figure 1. 
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Figure 1: H-SFN structure

In the same Outgoing LS R2-154991, the following is mentioned regarding the paging frame:

“Although RAN2 did not yet agree on exact formula to compute the Paging Hyperframe (PH) for paging e-DRX UE, this computation will be a function of the e-DRX cycle and a UE-specific identifier (e.g. IMSI mod(1024), as in legacy paging). RAN2 assumes that SA2 will work on the details of e.g. MME paging mechanism based on this.”

This means that in order to compute the Paging Hyperframe, there is no need for explicit signalling as a it can be computed via a well-known formula. 

For extended idle mode DRX, the paging frame at which the UE will be paged consists of:

1. H-SFN value or values: that provide the hyper frame/frames at which the UE will be paged

2. SFN value or values: that provide the legacy frame/frames at which the UE will be paged within the hyper frame

Regarding how many legacy paging occasions during the time window, RAN2 mentions:

“When e-DRX UE wakes up to monitor paging, it will continue to monitor one or more legacy paging occasions during a time window. How this window is configured to UE (NAS or AS), and detailed UE behaviour (e.g. if UE monitors some or all legacy paging occasions during the time window) is FFS and subject to RAN2 email discussion.”

2.
Proposal

2.1
Main goals of design for loose H-SFN synchronization

The main goals that should be taken into account when solving the requests/desirables from RAN2 as per LS R2-153914 are to:

· Goal 1: Solve Issues 1 and 2 above

· Goal 2: Add as little complexity in the network as possible. 

· Goal 3: In particular, minimize/avoid signalling between nodes
2.3
Proposal for loose H-SFN synchronization
In order to achieve loose H-SFN synchronization, and solve issues 1 and 2 as per Section 1, the following aspects need to be met:

1. The Hyper frame/frames at which the UE is paged (paging hyper frame) needs to be computed independently of the eNB.

2. The same H-SFN value of two different eNBs need to coincide at some point in time, i.e., the H-SFNs of two different eNBs are loosely synchronized within a 10.24 second error range.

3. The MME needs to know the H-SFN frame at which the UE will be paged, and know the H-SFN value of each eNB within an H-SFN (10.24 seconds) error range. 

In order to meet (1), the paging hyper frame calculation needs to be independent of the eNB. This is already provided by RAN2, as it was agreed that the Paging Hyperframe computation should be a function of the extended I-DRX cycle and UE ID: H-SFN=f(eI-DRX cycle, UE ID).
This can be computed at each eNB and the MME without any need for explicit signalling between them.
Proposal 1: There is no need for additional SA2 work on Paging Hyper frame calculation as RAN2 is working on it, and will define a formula that can be computed at UE, eNB and MME without need for signalling.

In order to meet (2) we propose that the eNBs synchronize their H-SFN to the time of day, as shown in an example in Figure 2:
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Figure 2: H-SFN synchronization to time of day
Each eNB synchronizes the the H-SFN value to a certain time of day using its own clock as follows, at the first wrap-around of the SFN (first time SFN changes from 1023 to 0) after the configured time of day, the H-SFN=0. In the example shown in Figure 2, the time of day is 00:00AM, and the first H-SFN after 00:00AM is H-SFN=0. 

This solution has the following characteristics:

· The Paging Hyperframe (PH) is within 10.24 seconds between any pair of eNBs.

· There is no synchronization at SFN level (no frame level synchronization)

· There is no need for signalling between eNBs to achieve the loose synchronization. 

Proposal 2: Loose H-SFN synchronization is achieved by each eNB synchronizing the H-SFN to time of day. No need for explicit signalling between eNBs nor SFN level synchronization.

Also, since the H-SFN is computed based on time of day, the MME can also compute the H-SFN itself. In the example above, the MME can have its own H-SFN computation starting with H-SFN=0 at 0:00AM. 

Therefore, this solution also solves (3), as the MME can compute the H-SFN, which will also be within 10.24 second error of the H-SFN used by each eNB, can also compute the Paging Hyper Frame for the UE, and send the paging request a few seconds before the Paging Hyper Frame. 

From MME perspective, this solution has the following characteristics:

· No need for explicit synchronization between RAN and MME through signalling is required. 

· The paging request is sent to all selected eNBs at the same time, no need to time paging requests differently for each eNB, which simplifies the MME behaviour, as there is no need to have different paging storing timers per eNB.

Proposal 3: MME also computes the H-SFN of eNBs based on time of day, sends paging request before the UE’s Hyper Paging Frame. No need for signalling between RAN and MME. 

3.
Conclusion

The Solution proposed in Section 2 achieves the goals requested by RAN2, while adding no signalling between eNBs nor between eNB and MME. The MME behaviour is also quite simple, as it doesn’t need to track paging hyperframe for each eNB individually.  Therefore, it is proposed to adopt the above solution for loose H-SFN synchronization. The solution is captured in CR 0147 to 23.682 and CR 2916 to 23.401. 
Regarding the paging window for LTE, it is proposed to wait for RAN2 discussion which is occurring over email approval, as this may be solved within RAN2, unless RAN2 decides that it needs NAS negotiation for it.
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