SA WG2 Temporary Document

Page 1

SA WG2 Meeting #111
S2-153384
19-23 October 2015, Chengdu, PRC
(revision of S2-15xxxx)
Source:
Alcatel-Lucent
Title:
On paging coordination when Extended Idle Mode DRX is used 

Document for:
Approval 

Agenda Item:


Work Item / Release:
e-DRX/Rel-13
Abstract of the contribution: this contribution provides a way forward for the topic of e-IDRX paging coordination 
Introduction

At SA2#110 these technically endorsed CRs identified three possible solutions for extended idle mode DRX paging coordination.

· Solution 1: RAN based approach (SFN extension)

· Technically endorsed CR: S2-152354 (TS 23.401, Qualcomm)

· Solution 2: Core Network based with event based time reference

· Technically endorsed CRs:  S2-152617 (TS 23.682, Ericsson), S2-152672 (TS 23.401, Ericsson/Intel)

· Solution 3: Core Network based with absolute time reference

· Technically endorsed CRs:  S2-152673 (TS 23.682, Intel), S2-152672 (TS 23.401, Ericsson/Intel)

Subsequently to that, RAN2 analyzed these solutions and this resulted in a LS to us in 

	R2-153914
	Reply LS on paging coordination in extended idle mode DRX


In this LS the following agreements are reported:

	1. 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).  

2. 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.

3. 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. 


Agreement 1 allows the UE to not "drift away" from the network in terms of determining the right time when to wake up, in synch with timer running in the MME which allows the MME to be aware when the UE exits from Sleep mode in Extended Idle mode DRX. A UE can e.g. choose to wake up inside the eDRX sleep time just to read the (H-)SFN, for instance, to minimize its clock drift. Or, worst case, it can adjust the drift only every time it wakes up to receive paging (i.e. every T-eDRX which RAN2#92 has just agreed that can be up to 43.69 minutes).
Agreement 2 indicates the solution shall avoid the long-term (e.g. up to TeDRX) storage of paging requests in the eNB, so the MME needs to be aware of the approximate time when UE becomes reachable. 

The eNB, when it receives a paging request from an MME, operates normally and computes the next paging occasion based on the legacy formula for PO computation in DRX mode and leave to the MME the process of deciding whether and when to repeat the page.
This was also what RAN had already agreed previously and communicated to us in LS
	R2-152822
	Reply LS on RAN assumptions from SA2 for FS_eDRX


	· For idle mode, 

· The DRX cycle should be extended past the current System Frame Number (SFN) limit of 10.24s. From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes. How many minutes is a subject for further study.  

· Once the UE wakes up the UE determines the Paging Frame (PF) / Paging Occasion (PO) based on the legacy PF/PO formula. 

· To improve paging reliability, the paging message can be repeated on different paging occasions determined using the legacy PF/PO formula as explained in the previous bullet point, for a certain time window. 

· It is a subject for further study how the UE determines when to wake up (either using hyper SFN or time based mechanisms), and how the UE determines for how long to monitor for paging messages.



It should also be noted that the behaviour is common also for UTRAN, and this also was communicated to us in a LS from RAN2

	R2-152822
	Reply LS on RAN assumptions from SA2 for FS_eDRX


	When the UE wakes-up in the extended DRX the UE starts monitoring the paging occasions as specified by the legacy DRX. The network can repeat paging messages for a number of paging occasions known by both UE and network. This number of paging occasions is sometimes referred to as the paging window. The details when the UE can stop monitoring the paging occasions of the paging window have not been discussed in the study item phase.

RAN2 has studied two flavours of the extended DRX solution: hyper SFN based and event/timer based. Both solutions have in common a paging window as described above, but differ in the way the paging window is synchronized between the UE and network. 




So we can take the following additional assumptions:

ASSUMPTION 1: the eNB shall not store paging requests and shall not autonomously attempt paging repetitions as this may interfere with the MME paging strategy and unnecessarily cause paging.
ASSUMPTION 2: the eNB shall compute the paging occasion in the Paging Window using the legacy DRX formula.
ASSUMPTION 3: How the UE and network keep themselves synchronized between NAS procedures (ATTACH, TAU) that allow UE and MME to exchange the values of TRef  and PW is in scope of RAN WGs
Lastly, on agreement 3, this is just an acknowledgement that different areas in networks may not be fully synchronized. However, even if there is no (H-)SFN synchronisation among E-UTRAN cells, this should not impact the solution dramatically as: 

· The MME still keeps a stable time when to send a page based on its clock (the MME should have no issues to maintain a stable –UTC clock, like any PC).
· The UE should be able to quite quickly resynchronize with the new cell by reading the (H-)SFN it broadcasts and by linking its Tref with the current cell (H-)SFN.
· A PW in the order of 10.24 s should suffice to cover the lack of tight synchronous operation. However the PW duration is left to Network tuning and should not be standardized.
In particular we have analyzed the impact of non synchronous networks in which even the (H-)SFN can be arbitrarily chosen in different network areas or even cells. The following Figure 1 aids in the discussion: 
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The horizontal red line represents the time axis in the MME. The bottom black line is the time axis in the UE based on its clock. The timelines in the middle are the (H-)SFN in the cells (UE just checks if the cell is the same as the last time it woke up to get synchronized to determine whether the (H-)SFN can be relied upon to correct the clock drift).

 The MME is assumed to have agreed with the UE some Tref at a TAU under cell A, the value of the TeDRX and the duration of the Paging Window (PW). As long as the UE is under cell A, there is no drift in clock with respect to MME as the UE readjusts based on the same (H-)SFN clock that was used when the Tref was agreed.
Then the UE may move to another area (cell B). In the worst case it wakes up after a maximum TeDRX time of  43.69 seconds from the last synchronization (this is if the TeDRX is maximum and the UE never reads the (H-)SFN to get synchronized between waking up every TeDRX ). So in the meanwhile the clock may have drifted during the TeDRX interval. This drift with respect to the MME clock is crystallized under the new cell. So this drift cumulates every time there is change of cell upon the TeDRX expiration. 

The following calculation of worst case drift upon change of synchronous area can be made:
Assuming 

· a clock drift of 100ppm = about 8s/d

· a worst case TeDRX= 43.69 m (This is the maximum duration of TeDRX as per current RAN agreement, in relaity TeDRX will normally be  quite lower than this in expected deployments, e.g. target maximum eDRX periods are expected to be in the order of 30 minutes)
We have a worst case drift D = TeDRX  minutes  / (1440 minutes/day )  * 8s/d = 43.69m / (1440m/d) *8s/d = 0.24s which is the Drift of the clock over 43 minutes.
This means that the UE may find itself in up to PW/D different cells between TAUs before the UE is no longer pageable assuming that the worst case scenario, that is the UE is never in the same cell between TAUs!
With a PW = 10.24 s  this means that the UE has to visit about 42 cells, one every 43.69 m interval, before the UE is no longer waking up at a time suitable to be paged inside the PW. This is 1839 minutes or 30 hours. And of course it would be quite a peculiar combination of event that leads to this.
This means that as long as a UE issues a TAU a day (either periodic or due to mobility), a PW of 10.24 s suffices to cater for clock drift in the UE in a network where there is no (H-)SFN synchronisation (not even “loose”) among cells. (Note: it is quite likely that TAI-list boundaries are crossed if a UE crosses many cells, so the expectation is that for mobile UE's the TAU occurs due to mobility anyhow, and this resets the synchronization between MME and UE).
Also, for stationary devices, i.e. UEs that stay in the same cell, once the UE and network agree on a Tref, the UE can simply lookup the SFN to correct the drift as it can read the MIB and compare the SFN with the estimated SFN according to its clock. 
In fact with a maximum drift over the maximum TeDRX =0.24 and with the SFN duration of 10.24s, it is impossible for the UE to skip one entire SFN cycle between wake up times in the same cell… this is to say just the SFN is sufficient for proper clock drift adjustment in one cell. This means that stationary devices do not need even to send a TAU to keep synchronized with the MME indefinitely… if however a UE changes cell between wake up times, it has to readjust to the SFN in the new cell and this caused a clock drift that is at most (in the worst case with TeDRX=43.69 minutes) equal to the 0.24s for a100ppm oscillator… in this case the UE can override the periodic TAU interval set by the network (if applicable) when e.g. it detects that it has potentially drifted above a configurable threshold (e.g. after changing 30 cells, for a total drift of 7.2 seconds, if 100ppm clock drift is assumed), and it can autonomously send out a TAU to the MME to realign with the MME. So this discussion proves that there are low and self-limiting NAS signalling methods to have a Tref based solution…
The previous analysis applies to networks where SIB16 is not available. When SIB16 is available the UE may complete the cell reselection procedure by acquiring SIB16 instead of sending a TAU. In this case the error is kept lower than the max drift cumulated over one TeDRX cycle duration (i.e. lower than 0.24 seconds in the example). Note that SIB16 needs to be acquired only when reselecting to a new cell; static UEs may rely on (H-)SFN of the cell only indefinitely.

In view of the above (worst case) analysis, we can conclude that a negotiated Tref approach is sufficient and it does not require frequent TAU traffic to work. Also, it is questionable that a Tref based approach would be so massively inefficient to justify a H-SFN approach, as it seems most of MTC devices are quasi stationary and unlikely to change cell frequently between TeDRX expirations, and therefore the need of the H-SFN should be really understood in the light of the fact expected TAUs are going to be on average quite rare…and with a Tref based solution existing eNB and UE implementations supporting Extended Idle mode DRX would not be required to support H-SFN (which also would be one more thing to worry about in network operation). Finally, we should understand whether from a system standpoint periodic TAU of around one day interval would be nonetheless required in many cases, especially for devices that need to be tested for liveness.
Proposal

Based on the discussion above, therefore, it is proposed that the solution SA2 shall adopt is 
· For 23.682: adopt Ericsson's CR in S2-152617 as a basis of specification
· For TS 23.401 should specify
· That Tref and PW are respectively, derived and/or signalled in ATTACH/TAU NAS messages. 

· The Extended idle mode DRX parameters in ATTACH/TAU NAS messages are valid until the next Attach/TAU procedure and comprise the extended Idle DRX cycle value and Paging Transmission Window.
· The UE monitors the network for paging messages during the Paging Window using its regular DRX parameters. The MME shall page while the UE shall monitor for paging as described in TS 23.682. 
· Paging repetitions inside the PW are only executed at the MME.

· The SFN mechanism or other RAN mechanism used to avoid the effects of clock drifting in the UE should be left out of stage two specs in SA2 and RAN2 should take care of the matter. From SA2 perspective the UE and MME are assumed to be synchronized after they exchange a Tref value, i.e. SFNs or other RAN mechanisms are not visible to the MME. A Paging Window mechanism takes care of clock drifts and clock drift adjustment can, from the source company perspective, be achieved by just looking up the SFN in a cell and decide is it is time to perform a TAU based on a local assessment of a worst case cumulative clock drift based on manufacturer implementation (if this calls for a TAU before the periodic TAU, that can be set to be quite long, e.g. > 1 day, or even indefinite, depending on the application).
· RAN should be invited to consider exactly why we would want to impact eNB, UE and MME implementations with the support of H-SFN if the SFN is sufficient in principle, with a Tref based solution. This especially in light of the fact for the UTRAN and Tref based mechanism seems to have been selected.
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