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Abstract of the contribution: This contribution proposes to enhance PSM so that UE can alternate between Idle mode and PSM intervals without any signalling with the network. The Idle-cum-PSM cycle (or “enhanced PSM cycle) can be made deterministic by locking it on an absolute time reference. As such, the ePSM cycle description need be exposed to 3rd party servers only once.
1.
Discussion
Rel-12 PSM was designed with primarily MO traffic in mind. While it is possible to support MT traffic, this is done in very inefficient way. For instance, 3GPP TS 23.682 recommends the following for support of MT traffic:

A network side application may send an SMS or a device trigger to trigger an application on UE to initiate communication with the SCS/AS

Alternatively, if an SCS/AS has periodic downlink data, it is more efficient when the UE initiates communication with the SCS/AS to poll for downlink data with that period

For either of the options to work, the UE should request an Active Time that is long enough to allow for potential mobile terminated service or data delivery e.g. to deliver an SMS

The first paragraph in the excerpt suggests using SMS-based communication, at least as an initial trigger, the reason being that the SMS is a store-and-forward mechanism and thus it can be stored in the SMS Service Centre until the UE becomes reachable. Once the stored MT SMS is delivered to the UE, the latter can initiate a MO communication with the server. The main issue with this approach is the requirement for using SMS-based communication which creates an unnecessary burden in a world of increasingly IP-based communications. Another issue with SMS is that the “Active Time” (which designates the duration of the Idle mode sojourn time before UE enters PSM) needs to be long enough to allow the mobile network to signal the UE reachability to the SMS Service Centre and to allow for the delivery of the stored MT SMS to the UE.

The second paragraph suggests circumventing the issue by transforming MT communication into MO communication with the use of polling. While this works well for periodic downlink data (as indicated in the text), it is highly inefficient for use cases with non-periodic MT data, as most of the time the UE would poll the Application Server (AS) for nothing.

Another issue with PSM is the linkage between PSM and the timer that triggers Periodic TAU (T3412). It is impossible to tune T3412 and PSM separately. In order to appropriately serve MT traffic that has some maximum delay delivery requirements, the Periodic TAU timer would have to be configured to lower values to allow the UE to come out of PSM more frequently. Unfortunately, the side effect of this would be highly increased power consumption, the main reason being that the exit from PSM today requires the UE to execute the TA Update procedure. The frequent execution of the TA Update procedure would also cause a lot of signalling load to the EPC.

This contribution proposes a solution for efficient support of MT communications for traffic that has some maximum delay delivery requirements. The efficiency comes in terms of improved power consumption for the UE and low signalling volumes for the network. The solution applies to both Scenario A (MT communication for UE in PSM) and Scenario B (coordination with 3rd party ASs).
2.
Proposal

It is proposed to add the following text into TR 23.709.

***** 1st CHANGE *****
5.x
Solution X: Enhanced Power Saving Mode (ePSM)

5.x.1
Description

This solution proposes to define an enhanced Power Saving Mode (ePSM) as illustrated in Figure 5.x.1-1. The solution applies to both Scenario A and Scenario B.

These are the salient features of ePSM:

-
Based on network configuration when there is no data communication the UE can alternate between successive Idle mode interval and PSM interval that are repeated periodically.

-
The period of the repetitive Idle-cum-PSM cycle (further referred to as “ePSM cycle”) is equal to the sum of a configured Idle mode sojourn time (Ti) plus PSM sojourn time (Tp).

-
The repetitive (Ti + Tp) pattern can be made deterministic by locking it on an absolute clock reference (Tref). In other words, the combined (Ti + Tp) cycle starts at instants defined as t = Tref + N * (Ti + Tp), where N is a whole number.

-
If UE needs to break the cycle for any reason (e.g. initiating MO communication, responding to paging, sending a Periodic TAU, etc.), it returns to the (Ti + Tp) cycle as soon as the network releases the RRC connection. Note that if the (Ti + Tp) cycle is locked to an absolute clock reference then this may involve an exceptional truncation or extension of the very first Ti or Tp interval, allowing the UE to lock on the absolute reference clock.

-
The parameters defining the periodic cycle (Tref, Ti, Tp) may be provided to the 3rd party AS, either by pre-configuration or by using a Service Capability Enablement Function (SCEF).

Illustrated in Figure 5.x.1-1 is a call flow for configuration of ePSM in the UE.
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Figure 5.x.1-1. Configuration of enhanced Power Saving Mode (ePSM)

1.
UE sends a TAU Request message, either due to mobility or due to Periodic TAU timer expiry. If UE wishes to use ePSM, it includes a set of parameters that describe the desired ePSM cycle e.g. the duration of Idle sojourn time (Ti), the duration of PSM sojourn time (Tp) and possibly an absolute clock reference (Tref).

The absolute clock reference should be based on a clock that can be made available both within the UE and the AS. For example, Universal Time or GPS time may be used.

2.
MME decides if it allows ePSM based on operator’s configuration. If MME decides to accept the request, it forwards the description of the ePSM cycle to a Service Capability Exposure Function (SCEF) along with a UE identity (UE ID). Note that MME may modify the values describing the ePSM cycle if it does not accept the values as proposed by the UE.

Alternatively, Tp and Ti timer values may be configured in HSS as part of UE subscription data and downloaded to MME. If MME receives this information from HSS it may use them to override the values requested by UE.

3.
MME sends a TAU Accept message including the approved description of the ePSM cycle (i.e. the original parameter values as proposed by UE in step 1, or modified values).

4.
At some point the eNB releases the RRC connection. At this point UE enters the ePSM cycle by typically going through Idle mode first. Note that the RRC connection release message is asynchronous (i.e. it can occur at any instant), whereas the ePSM cycle is locked to an absolute time reference. This means that, step 4 may occur either within the “Idle interval” or within the “PSM interval” of an ePSM cycle.

In Figure 2 it is assumed that step 4 has occurred within the latter. For this case the UE can use one of the following options:

a)
UE may lock immediately to the ePSM cycle by entering PSM immediately. In this case the very first “PSM interval” will be truncated.

b)
Alternatively, UE may decide to enter Idle mode first and extend the Idle mode stay until the start of the first upcoming "PSM interval" of the ePSM cycle. In this case the very first “Idle interval” is exceptionally longer than usual.

c)
Alternatively, the UE may enter Idle mode first and remain in Idle mode for a given time duration, possibly equal to the value of Ti, before reverting to the ePSM cycle.

Note, the potential benefit of options b) or c) is that they guarantee that the UE is reachable for some time period immediately after the Attach or TAU procedure which is a time when there may be an increased possibility of MT signalling or data.

5.
A 3rd party AS wishing to send MT data to this UE registers with the SCEF and obtains the description of UE’s ePSM cycle. Given that the ePSM cycle is described relative to an absolute time reference (Tref), the AS needs to fetch the ePSM description from the SCEF only once. The AS may also subscribe to be notified in case the ePSM cycle parameters are modified or if ePSM is cancelled for this UE.

6.
The Periodic TAU timer is independent of the ePSM cycle. Upon this timer’s expiry, the UE sends a periodic TAU Request message, as usual. The UE can use this opportunity to request a change of ePSM parameters or cancel the ePSM. In such a case the MME contacts the SCEF (not shown in the figure) to update it with the new ePSM description or indication that UE is not using ePSM anymore. The SCEF can then notify all ASs (not shown in the figure) interested in this UE about the change.

Conversely, if the UE is happy with the current ePSM configuration, it may indicate this to MME by sending the same values. UE may cancel ePSM by not including any ePSM-related parameters.

Note that Figure 5.x.1-1 describes all aspects listed above including the locking of the (Ti + Tp) cycle onto an absolute clock reference (Tref). If that aspect were not included then there would be the following differences in the sequence:

-
Steps 2 and 5 would not occur;

-
The passing of the Tref parameter in steps 1 and 3 would not be needed;

-
At step 4 the UE would immediately enter the (Ti + Tp) cycle on release of the RRC connection.

The signalling of ePSM parameters (i.e. Ti, Tp, Tref) also applies to the Attach procedure by replacing the TAU Request/Accept messages with the Attach Request/Accept messages.

Figure 5.x.1-2 describes the call flow for MT communication towards a UE in ePSM.
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Figure 5.x.1-2. MT communication towards a UE in ePSM

1.
At the beginning of the call flow the UE has entered ePSM cycle and is alternating between the “Idle interval” and the “PSM interval”. The 3rd party AS obtains the ePSM cycle description for this UE.

2.
When the AS has MT data for sending, it waits until the UE enters the “Idle interval” before sending the MT packet(s).

3.
The MT packets are short term buffered in the SGW as usual. SGW sends a Downlink Data Notification (DDN) message to the MME to initiate paging.

4.
MME triggers paging.

5.
Given that UE is currently inside the “Idle interval” it is able to read the paging message. UE establishes a connection with the network and enters Connected mode. While in Connected mode, the ePSM cycle runs in parallel, but is not used in any way. The UE just needs to keep track of the ePSM cycle in the background so that it can later lock on it again.

6.
After the data communication is terminated, at some point the network decides to release the RRC connection. In Figure 5.x.1-2 it is assumed that the RRC connection is released within the “Idle interval”. The UE may lock immediately on the ePSM cycle, as a result of which the very first “Idle interval” will be truncated.

Note that Figure 2 describes all aspects listed including the locking of the (Ti + Tp) cycle onto an absolute clock reference (Tref). If that aspect were not included then there would be the following differences in the sequence:

-
Step 1 would not occur.

-
At step 2 the AS would just send data when it is available (i.e. it would not have to wait for an "Idle interval" as it would not be aware when this "Idle interval" occurs in the UE).

-
At step 3 the SGW would need to be able to long-term buffer the packet (as described in solution 2) until it is possible for the UE to be paged during one of its "Idle intervals".

-
At step 4 the UE would immediately enter the (Ti + Tp) cycle on release of the RRC connection.

5.x.2 
Impacts on existing nodes and functionality

Impact is on the:

MME:

· Configuration of ePSM in the UE.
UE: 

· Support for ePSM i.e. alternating between “Idle mode interval” and “PSM interval” without any signalling with the network.
5.x.3
Evaluation

The solution has the following benefits:

-
If the (Ti + Tp) cycle is locked to an absolute clock reference (Tref) and the cycle parameters (Tref, Ti, Tp) are provided to the SCEF/AS then there is no need for long term buffering in the S-GW. The 3rd party AS always knows when the UE is in PSM, so it can refrain from sending MT data at those times. In other words the buffering is moved from the SGW to the data source (i.e. the AS).

-
Contrary to Rel-12 PSM, the duration of the PSM sojourn time (Tp) is not linked to the Periodic TAU timer (T3412). This allows for configuring shorter PSM sojourn times (much shorter than typical T3412 values), which is beneficial for serving MT traffic with certain delay tolerance requirements.

-
The fact that the PSM sojourn time (Tp) is not linked to the Periodic TAU timer (T3412) means that UE can freely alternate between Idle mode and PSM without any signalling with the network. This has the obvious benefits of reducing the signalling load and improving UE’s power efficiency.

-
The (Ti + Tp) cycle being deterministic, it needs to be exposed to 3rd party ASs (via SCEF API) only once. I.e. avoids the need for communication with the AS every time the UE changes between being reachable and not reachable. Of course, if the Ti and Tp values need to be changed for some reason, the new values will need to be updated to the AS (via SCEF API), however, it is not expected that Ti and Tp will change frequently.

***** End of CHANGE *****
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