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1
Introduction
RAN2 have made several agreements on eDRX that are coming to SA2#111 in three LSs: two LSs related to E-UTRA and one LS related to UTRA.

The agreements made in RAN2#91 (refer to the LS reply in R2-153914) include the following three points for E-UTRA:
· 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. 

The agreements made in RAN2#91bis (refer to the LS reply in S2-153128) include the following three points for E-UTRA:

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).

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.

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.

The agreements made in RAN2#91bis (refer to the LS reply in S2-153127) include the following points for UTRA:

RAN2 discussed the extended DRX in Idle mode, and agreed to introduce Solution 2 “Core Network based with event based time reference”, as referenced in SA2 LS (R2-153032 / S2-152697). 

RAN2 also made the following agreements about the extended DRX in Idle mode parameter range:

· The minimum and maximum value for the TeDRX timer is 10 seconds and 1 hour respectively. 

· The minimum and maximum value for the Paging Transmission Window (PTW) size (TPTW) is 2 seconds and 30 seconds respectively. 
In the next section we focus on each of these points.

2
Discussion
It is noted that RAN2 have agreed two different solutions for UTRA and E-UTRA:

· Event-based time reference for UTRA.

· H-SFN for E-UTRA.

From system perspective it is not clear what the main reason is for adopting two different solutions?

It is noted that the:

· The UTRA solution has no RAN impact, whereas the E-UTRA solution requires changes to all eNB to support the H-SFN, with the additional requirement of “loose” H-SFN synchronisation.

· PTW in the UTRA solution is defined at NAS level, whereas for the E-UTRA solution this is still debated (AS vs NAS; it is also FFS whether UE listens to one or multiple POs within the PTW).
· The eDRX cycle in the UTRA solution is clocked on a time reference (Tref), whereas in the E-UTRA solution it is clocked on the H-SFN counter using a mod(IMSI) type of formula.

Focusing on E-UTRA:

· The first RAN2 LS replied that the H-SFN is needed to provide a means for the UE to be able to re-synchronise with the RAN without sending uplink (presumably “NAS”) signalling.

· The second RAN2 LS further extended the use of H-SFN so that it is also used for determining the PTW start for a specific UE.
We would like to examine these two points in the light of the agreed H-SFN range and granularity.
2.1
H-SFN as a means for quick synchronisation with RAN
It is noted that the H-SFN has very coarse granularity: the counter is increased once every 10.24 seconds. Within a given H-SFN value, the SFN counter (0..1023) further provides a second clock with 10ms granularity.
One can think of the combination H-SFN + SFN as the hours and the minutes, respectively. By reading the hours and the minutes occasionally, the UE is able to compare the read values with the expected values based on its internal clock, and correct any clock drift. At least that was the intent. However, in the light of the agreed H-SFN granularity (10.24s) and the assumptions about the UE clock accuracy we think that the H-SFN may not be useful.
The clock accuracy in the UE is a matter of implementation and cost. According to some RAN2 papers (R2-152506, R2-153291) a low-accuracy clock can be considered as having a drift in the range of 35-50ppm.
For the purpose of this paper we will assume a very low accuracy clock with 100 ppm drift. For 100ppm accuracy the clock drift is equal to ~8s in 24 hours, or ~0.24 s within the max eDRX interval of 43.69 min.
Here we focus on the latter value. An error of 0.24 seconds is worth 24 SFN counts. Assuming that the UE wakes up only once within the max eDRX cycle (i.e. shortly ahead of the PTW) by reading the SFN counter only the UE should be able to correct its internal clock drift. Namely, an error of up to 24 SFN counts can easily be detected on a counter that has 1024 SFN counts, wraparound not being an issue with such a difference.
Therefore, as long as the UE wakes up within the same cell it is able to clear the cumulated drift by simply reading the SFN counter.
Consider the Tref solution with no H-SFN at all. If the UE wakes up in another cell, it performs cell reselection and acquires the SFN counter in the new cell. In this case it is not possible to correct the cumulated drift which is again on the order of max 0.24s per eDRX cycle (max 43.69 min). The UE needs to re-base its internal Tref on the SFN counter in the new cell. If the UE performs a NAS procedure (e.g. periodic TAU or TAU due to mobility) it will be provided with a new Tref value and any cumulated clock drift will be reset to zero. In the absence of any NAS signalling the clock drift will cumulate whenever UE wakes up in a different cell. However, as long as the cumulated value is comparable to the PTW duration, the UE will still be reachable for paging.
In the example of very low accuracy UE with a 100ppm clock drift and with a PTW duration on the order of 10 seconds (and assuming the incredibly “bad luck” case where the UE always wakes up in a new cell while staying within the same TAI), the UE will still be reachable after 24 hours of absence of NAS signalling.

Observation 1: H-SFN is not needed to allow UE to quickly synchronise with the RAN. Assuming a worst case clock accuracy of 100ppm the use of SFN counter is largely sufficient for correcting the drift within a cell. Even in case of mobility (where it is not possible to correct the cumulated drift) a periodic TAU once every 24 hours is sufficient to keep the UE in sync with the network.

2.2
H-SFN as a means for determining PTW start
Even if H-SFN is kept on the radio for the purpose of quick re-synching (which in our view is not justified, as discussed in the previous clause, but after all it is RAN2 business whether they decide to keep it), it is unclear why the H-SFN would be used for “clocking” the eDRX cycle of individual UEs i.e. why it would be used for determining the PTW of individual UEs.

First of all this implies that all eNBs need to be “loosely” synchronised, which means that the H-SFN value in different eNBs may vary by one at most. It is noted though that an H-SFN difference of one implies a time difference of up to 10.24s, due to the very coarse H-SFN granularity.
We assume that the MME will have its own H-SFN clock (e.g. that may be based on a selected “reference eNB”) that it uses for determining the PTW start for individual UEs. However, if the eNBs are only “loosely” synchronised, the MME perception of the H-SFN cycle may be more or less skewed with respect to a specific eNB. In order to cope with these imperfections of the “loose” synchronisation the MME should send the S1 Paging message sufficiently ahead of the PTW (in the worst case up to one H-SFN cycle i.e. 10.24s).
It is noted that the Tref approach does not have this issue as the determination of the PTW is done in the MME. It also does not rely on any synchronisation among eNBs.
Observation 2: The use of H-SFN for clocking the eDRX cycle of individual UEs (i.e. for determining the PTW start) has no apparent advantages. In contrast, it requires H-SFN sycnhronisation among eNBs and may result in increased buffering of paging triggers in the eNB.

3
Focus on Tref-based solutions
SA2#110 technically endorsed three sets of CRs, as follows:

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)

In the light of the previous discussion it is proposed to focus on the Tref-based solutions: Solution 2 and Solution 3, which both provide awareness in the MME about the approximate time when the UE becomes reachable based on a time reference, and have no RAN impact. RAN2 already agreed the event-based Tref solution for UTRA. We see no good reason for having a completely different solution for E-UTRA.
It is noted that the solution based on absolute Tref (Solution 3) is a superset of the solution with event-based Tref (Solution 2). Solution 3 proposes that absolute Tref be used whenever it is available in the RAN (e.g. SIB16) because it brings additional advantages. If SIB16 is not supported in the RAN, then the MME falls back to event-based Tref.
There are at least the following advantages with using absolute Tref:

· When using the absolute time reference, the issue of clock drift that is cumulated due to UE mobility does not exist anymore. Indeed, upon completion of the cell reselection procedure in the new cell the UE may decide to acquire SIB16 and thus clear all cumulated drift. For this reason Solution 3 can operate with very small PTW values (e.g. on the order of 2 seconds).

· The eDRX cycle can be exported to 3rd party App Servers via the SCEF. Based on this information the App Servers can postpone transmission of any downlink data until shortly ahead of the moment when UE becomes reachable. With this type of traffic handling the SGW buffering is kept on values comparable to today. In contrast, without exporting the eDRX cycle to 3rd party App Servers the buffering in the SGW may extend to as long as 30 min (typically used value).

It is true that even with event-based Tref it possible to export the eDRX cycle to 3rd party App Servers, however this would have to be done at every TAU Accept, whereas with an absolute Tref the eDRX cycle needs to be exported only once.
Based on this discussion it is proposed to move forward with Solution 3. The UTRA case is implicitly covered because Solution 2 (event-based Tref) is a subset of Solution 3.
Proposal 1: Select Solution 3 for normative specification.

4
On the need to include PTW in S1 Paging message
According to the Solution 2/3 description agreed in SA2#110 the PTW parameter is included in the S1 Paging message. This allows the eNB to autonomously retransmit the Uu Paging message within the limits of the PTW.
Nevertheless, the text in S2-152672 also allows for repetition of the S1 Paging message from the MME e.g. for the purpose of escalating the paging to a wider are. In this case the MME is supposed to include a reduced PTW value in the S1 Paging that amounts for the remaining time of the original PTW window.

We are of the opinion that the autonomous paging from the eNB may not be a good idea unless it is complemented with an S1 Paging Cancel message. Indeed, in the absence of such a message, when the UE responds under one of the eNBs in the paging area, the other eNBs will keep autonomously retransmitting the Uu Paging message for the whole PTW duration, thus unnecessarily wasting radio resources.

On the other hand, if the MME is able to retransmit the S1 Paging message for the purpose of increasing the paging area size, then it might as well be able to repeat the S1 Paging message even when the area size is not increased. With such reasoning it seems that the inclusion of PTW in S1 Paging is not needed.

Proposal 2: Inclusion of PTW in S1 Paging is not needed.

5
Proposal
Based on the previous discussion it is proposed to agree the following:
Observation 1: H-SFN is not needed to allow UE to quickly synchronise with the RAN. Assuming a worst case clock accuracy of 100ppm the use of SFN counter is largely sufficient for correcting the drift within a cell. Even in case of mobility (where it is not possible to correct the cumulated drift) a periodic TAU once every 24 hours is sufficient to keep the UE in sync with the network.

Observation 2: The use of H-SFN for clocking the eDRX cycle of individual UEs (i.e. for determining the PTW start) has no apparent advantages. In contrast, it requires H-SFN sycnhronisation among eNBs and may result in increased buffering of paging triggers in the eNB.

Proposal 1: Select Solution 3 for normative specification.

Proposal 2: Inclusion of PTW in S1 Paging is not needed.

The related CRs implementing Solution 3 are provided in companion documents for this meeting (S2-153380, S2-153381).
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