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Abstract of the contribution: eDRX specifications for LTE agreed in previous SA2 meeting created a new requirement of “loose Hyper SFN synchronization” in the network. LTE networks deployed today do not support any network synchronization and it should also be possible to deploy eDRX in a non-synchronized network. We capture the functionality in MME and eNB required for this. 
1. Background
In RAN2#91, RAN2 for 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. 

The two key points in the LS highlighted above was the need to 

-
“minimize or avoid page storage in the eNB”, and 

-
mechanism to minimize missing pages
The solution that SA2 came up with to meet the RAN2 requirements (with hints from RAN2), requires the following (S2-154402, TS 23.368):

-
It is assumed that eNBs and MMEs are able to use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds.

2. Non-Deployability of MME<->eNB synch of 1 to 2 seconds

For basic LTE (Rel-8) networks, there was no network synchronization requirement defined. Therefore, there are a lot of LTE networks that do not implement network synchronization mechanism. It is a fact that there were several functional enhancements that requires high accuracy of network synchronization requirements, e.g., MBMS, eICIC, OTDOA positioning, etc. For such functionalities, the synchronization mechanism is a mandatory feature to enable the function to work. With regards to eDRX, the reasoning for MME-eNB synchronization with 1 to 2 s accuracy is to “minimize” or avoid the paging storing in the eNB. Therefore, it should be understood that, MME-eNB synchronization is not mandated for eDRX to function/ work. In other words, eDRX should work even when paging storing is performed in the eNB (i.e., MME does not delay paging but instead pages immediately upon downlink data notification from S-GW).
It is our understanding that the loose MME, eNB synchronization of 1 to 2 seconds is captured in the following figure. 
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Figure 1: S2-154402 assumption of synchronized NW between MME-eNB

As captured in the CR (S2-154402), the MME and “all” the eNBs are synchronized such that the start of H-SFN falls into some pre-configured time with accuracy of 1-2s. Furthermore the CR also captured that no signalling between network nodes is needed to achieve this level of synchronization. 

Considering that the main scenario for eDRX is to be implemented to MTC UEs, and that the foreseen MTC services (e.g., smart meters for gas or electric utilities) require nation-wide coverage, the implication of this specification is a requirement for LTE network that today operates without synchronization to implement synchronization mechanisms, (e.g., GPS or NTP or other mechanisms) which would impact all the MME and eNBs within the network. This would bring impact to network operation to ensure that the accuracy/difference between MME and eNB is 1-2s (e.g., restrarting H-SFN several time in a day or polling mechanism from eNB to MME/NTP server several times a day, etc.)
Proposal 1:
It is proposed for SA2 to confirm that eDRX should also be able to work without eNB-MME synchronisation (i.e., without MME awareness of UE wake up timing, without MME storing the paging but instead send immediately upon reception from S-GW).
3. Deploying eDRX in unsynchronized networks

3.1 Solution Overview
The following is an overview of solution to allow eDRX without network synchronization

· The network is an unsynchronized network.

· No synchronization between MME and eNB

· No synchronization between eNBs
· MME performs S1 Paging to eNB, as soon as it receives trigger from S-GW (similar as today)

· MME is not aware of eNB’s H-SFN, of UE wake up timing (as with normal DRX).

· eNB sends Pages to UE according to its own H-SFN timing (different between eNBs)
3.2
Function allocation in eNB and in MME for eDRX in unsynchronized networks 
3.2.1
Paging Procedure
In a unsynchronized network, the MME is not aware of the next paging occasion of a UE at any eNB (similar to the case today for DRX). The Figure 2 below captures this for the case with two eNBs in a tracking area. Since the eNB manages different H-SFN timing, the UE’s paging occasions may fall at different times at different eNBs. Therefore eNBs needs to store the paging received from MME until the next UE Paging H-SFN . As shown in the figure 2, the page storage time may be different in each eNB.

Observation 1: 
Storing of paging messages upto eDRX cycle length needs to be performed in the eNB
[image: image1]Figure 2: UE paging timing in different eNBs
Since the network is not in synch the MME is not aware when the UE will respond to page. This can be anywhere between 0 to T_edrx seconds (in the figure above we assume T_edrx is approx. 11 minutes). The timeout before a UE responds with service request can be up to T_edrx. The MME cannot perform paging escalation/retransmission within T_edrx. However, necessary retransmission can be performed by the eNB. For eDRX, a concept of Paging Window (PW) is adopted where the UE tries to receive paging message within its Paging Hyper-frame (H-SFN). In order to be able to performed retransmission within this PW, the eNB needs to understand the PW setting which is decided by the MME.
Observation 2:
The MME cannot perform paging escalation/retransmission within T_eDRX. Instead the eNB can perform the necessary paging retransmission within the PW.

Observation 3:
The PW (set by the MME) needs to be conveyed to the eNB.
Furthermore, in order to ensure that other eNBs do not send out pages once a UE responds in one eNB, it would be beneficial if the MME can request page cancellation to other eNBs. This is shown in the Figure 3 below. Paging cancellation procedure has great benefit from perspective of eNB radio resource management for paging transmission perspective especially if the paging is sent to a group of cells/eNBs. 
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Figure 3: Paging Cancellation
Observation 4:
Paging cancellation procedure from MME to eNB is beneficial to mitigate wasting radio resources for paging.
3.3.2
Interaction with high latency communication features 
TS 23.682, Section 4.5.7 describes three different techniques to handle mobile terminated communications for UEs that may be unreachable for long duration of time, eg. using eDRX feature. In this section we consider how these mechanisms may be used when eDRX in unsynchronized networks is deployed. There are two key mechanisms applicable to E-UTRAN, with the second one consisting of two sub-mechanisms:
1.
Extended buffering in SGW.

2.
Notification via SCEF

2.1

Availability Notification after DDN failure; or

2.2

UE Reachability 
Extended buffering in SGW
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High level overview of how extended buffering in SGW with eDRX in both synchronized networks and unsynchronized networks is shown in Figure 4 below.
Figure 4. Extended buffering in SGW with eDRX: (a) synchronized networks (UE not pagable), (b) unsyncrhonized networks. (Only difference is text in Step 3)
In synchronized networks (Figure 4. (a)), when UE is in extended idle, and a DDN arrives at the MME, the MME knows that the UE is not reachable. The MME knows this since the MME keeps track of when approximately the UE will next be available for paging. The MME then sends a DDN Ack with buffering request to the SGW and also provides a buffer duration timeout value. The SGW will buffer till the timeout value. The MME sets a flag that data is waiting for delivery at the SGW. This flag is used so that when the UE performs TAU the next time, the MME sets up data-plane for the user.

When eDRX is used with eDRX in a unsynchronized network (Figure 1 (b)), the MME is not aware of when the UE is pageable. The probability that UE will respond immediately to a page request is low and depends on the eDRX length. Since DDN Ack is typically send right after the reception of DDN message and before paging is commenced (see TS 23.401), the MME will send a DDN Ack with buffering request to the SGW right away and start the paging process in parallel. If the UE responds quickly to the page request, i.e page was received during UE’s paging window, the data-plane will be setup quickly. The buffering timer that the MME will set is the eDRX cycle length, since the MME is not aware where the UE is in its eDRX cycle.

Hence, the extended buffering in SGW procedure for eDRX in unsynchronized network is essentially the same as in the case of synchronized network. The key difference is that the buffering timer in the SGW will be typically set to eDRX cycle length and hence longer than what is set of eDRX in synchronized networks. 
Sub Observation a:
For the HLCOM feature of extended buffering in SGW, the buffering time in the SGW in unsynchronized NW is longer than that for synchronized NW
Moreover, for a synchronized network there is a small probability that DDN arrives at MME when UE is reachable and hence that extended buffering is not required in SGW. However, this probability is very low since eDRX cycle length (minutes) is much longer than paging window (seconds). For unsynchronized networks, the probability of extended buffering is close to 1. 
Sub Observation b:
The probability of extended buffering in SGW for UE in idle eDRX is greater for an unsynchronized network compared to that for a synchronized network.
Notification via SCEF: Availability Notification After DDN Failure (ANADF)
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High level flow of high ANADF works for eDRX in both synchronized and unsynchronized networks is shown in the figure below.

Figure 5. Availability notification after DDN failure with eDRX in (a) synchronized networks (UE not pageable) and (b) unsynchronized networks. (Only difference is text in Step 3)
In a synchronized network (see Figure 5 (a)), when a DDN arrives at the MME, the MME knows if the UE is pageable or not. If the UE is not pageable, and the availability notification after DDN failure event is configured, the MME sets the Notify ANADF flag and sends a DDN failure message to the SGW. The next time the UE comes to connected state, the MME notifies the SCEF of UE’s availability. 
In a unsynchronized network (see Figure 5(b)), when a DDN arrives at the MME, the MME is only aware that the UE is in eDRX. The MME however, is not aware when the UE will be pageable. Hence, the MME behaves similar to the case of synchronized network and sets the Notify ANADF flag and sends a DDN failure message to the SGW .
Sub Observation c: 
The behaviour of MME for the feature of Availability notification after DDN failure is the same for synchronized and unsynchronized network. . 
Notification via SCEF: UE Reachability Event Notification

In the UE reachability event notification feature, the MME is requested to inform the SCEF when the UE becomes reacheable next. This is a one-time reporting feature. 
In TS 23.682, section 5.6.8.3, the detection of when to send the event notification to SCEF is: “This monitoring event is detected as of step 1a of clause 5.6.8.1, which is when the UE changes to connected mode.”

The detection of when a UE changes to connected mode is independent of whether the network is synchronized or not. Hence, there is no impact on this feature based on whether the network is synchronized or not. 

Sub Observation d:
No impact of UE Reachability Event Notification for eDRX in unsychronized NW.
Based on the above observations, we can state the following for the HLCOM features:

Observation 5:
There is no impact to MME or SGW behaviour to support HLCOM features for eDRX in unsynchronized networks.
3.3.3
Handling of MT SMS for eDRX
TS 23.272 Section 82.4a describes the handling of MT SMS for eDRX. Figure 6 (a) below captures the behaviour of the case of synchronized network.
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Figure 6. Handling of MT SMS for eDRX for (a) synchronized network (UE not pageable), and (b) unsynchronized networks.
For the case of synchronized networks (see Figure 6 (a)), when an SMS notification arrives at an MME and the MME knows that the UE is not pageable (step 3), the MME sends a UE unreachable message to the MSC/VLR. The MME also sets a flag that it should page the UE when the UE becomes next available. When the MME determines that the UE is available for paging (step 8), the MME sends a page request to the UE.

For the case of an unsynchronized network, the MME is only aware that the UE is in eDRX mode, but the MME does not have information if the UE is pageable or not. The UE may be pageable in one eNB but not in another eNB. Hence, in this case the MME anyway sends a page message to the eNBs and waits for a short timeout. A short timeout message is set such that SMS retry does not occur from the MSC/VLR. If the UE does not respond within the timeout period, the MME sends a UE unreachable message to the MSC/VLR. When the UE is finally paged, the UE performs service request and the SMS is delivered to the UE. The behaviour of the MME is the same as if the UE is in normal DRX mode.
Observation 96 
For MT SMS with eDRX for an unsynchronized network, the behaviour of MME is unchanged from the case of normal DRX. 

From the above analysis, the following are the main functions needed in the eNB and MME:

· In the eNB:
· Storing page messages
· Paging message retransmission within PW

· Reception of paging cancel and 

· In the MME:

· Conveying PW to eNB

· Request of paging cancel

Proposal 2:
It is proposed for SA2 to agree the above functionality in the eNB and in the MME to support eDRX in unsynchronized network

4. Conclusions

Most LTE networks today are operated without implementation of network synchronization, In this paper we analysed the RAN and CN impacts of supporting eDRX functionality in a network which is unsynchronized. The functionality required and the interactions with HLCOM and MT SMS features are clearly identified. 

The following observations were made for the analysis of necessary function to be supported in the eNB and in the MME:
Observation 1: 
Storing of paging messages upto eDRX cycle length needs to be performed in the eNB

Observation 2:
The MME cannot perform paging escalation/retransmission within T_eDRX. Instead the eNB can perform the necessary paging retransmission within the PW.

Observation 3:
The PW (set by the MME) needs to be conveyed to the eNB.
Observation 4:
Paging cancellation procedure from MME to eNB is beneficial to mitigate wasting radio resources.
Observation 5:
There is no impact to MME or SGW behaviour to support HLCOM features for eDRX in unsynchronized networks.
Observation 6: 
For MT SMS with eDRX for an unsynchronized network, the behaviour of MME is unchanged from the case of normal DRX. 

The following are proposed: 
Proposal 1:
It is proposed for SA2 to confirm that eDRX should also be able to work without eNB-MME synchronisation (i.e., without MME awareness of UE wake up timing, without MME storing the paging but instead send immediately upon reception from S-GW).
Proposal 2:
It is proposed for SA2 to agree the following definition/allocation of functions in the eNB and in the MME to support eDRX in unsynchronized network

· In the eNB:

· Storing page messages
· Paging message retransmission within PW

· Reception of paging cancel and 

· In the MME:

· Conveying PW to eNB

· Request of paging cancel

************* END OF CHANGE *************
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