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Abstract

This document clarifies some aspects of PSM and further discusses the interaction of PSM and existing functions such as handling of NAS back-off (BO) timers, as well as UE behaviour when emergency bearer service is requested. 

Introduction

In the last few meetings, SA2 has agreed a new UE functionality, i.e. PSM, to help optimize power consumption for machine type communicating devices. Note that in the rest of the document, references will be given with respect to E-UTRAN, however, the same would apply to GERAN/UTRAN and thus the document applies to all these systems.

The following is an extract from 3GPP TS 23.401 (section 4.3.22) on the description of PSM.  

4.3.22
UE Power Saving Mode

A UE may adopt a PSM that is described in TS 23.682 [74]. If a UE is capable of adopting a PSM and it wants to use the PSM it shall request an Active Time value and may request a Periodic TAU/RAU Timer value during every Attach and TAU procedures, which are handled as described in TS 23.682 [74]. The UE shall not request a Periodic TAU/RAU Timer value if it is not requesting an Active Time value. The network shall not allocate an Active Time value if the UE has not requested it.

NOTE:
The Attach and TAU procedures of this specification are not showing the details of the Periodic TAU Time and Active Time negotiation, i.e. are not showing the related IEs.

If the network allocates an Active Time value, the UE starts the Active timer and the MME starts the mobile reachable timer (see clause 4.3.5.2) with the Active Time value allocated by the network when transitioning from ECM_CONNECTED to ECM_IDLE. When the Active timer expires, the UE deactivates its Access Stratrum functions and enters PSM. In PSM, due to deactivation of Access Stratum functions, the UE stops all idle mode procedures, but continues to run any NAS timers that may apply, e.g. the periodic TAU timer. The UE shall resume Access Stratum functions and idle mode procedures before the periodic TAU timer expires for performing the periodic TAU procedure as applicable. The UE may resume idle mode procedures and Access Stratum functions any time during PSM, e.g. for mobile originated communications. Any timers and conditions that remain valid during power-off, e.g. for NAS-level back-off, apply in the same way during PSM.

When the mobile reachable timer expires and the MME stores an Active Time for the UE, the MME knows that the UE entered PSM and is not available for paging. The MME handles mobile reachable timer and availability for paging as detailed in clause 4.3.5.2.

On UE side the PSM complies with some substates of EMM_REGISTERED, as specified in TS 24.301. The MME considers the UE to be EMM_REGISTERED, but not reachable. The UE's Access Stratum functions are considered as deactivated during PSM.
Discussion

Transitioning to Connected Mode before the Expiry of the Active Timer
Before a UE enters PSM, a UE in EMM-IDLE is reachable, via paging, during the lifetime of the active timer. Hence the UE may transition to EMM-CONNECTED mode if it is paged during this time or if the UE has a mobile originated request e.g. to send data. Upon transitioning to EMM-CONNECTED mode, if the active timer is not stopped, and hence eventually expires, this will lead (as per the current description) to the deactivation of the AS functions of the UE. Clearly this is not desired if the UE is actually in EMM-CONNECED mode. This aspect is currently missing in the PSM description and it is proposed to capture and clarify the UE behaviour in this case i.e. the active timer should be stopped.

Proposal 1: the UE shall stop the active timer if running upon transitioning to EMM-CONNECTED mode.

PSM and NAS Back-off Timers
One noticeable statement from the PSM description above is the following “Any timers and conditions that remain valid during power-off, e.g. for NAS-level back-off, apply in the same way during PSM”.

As it is well known, the NAS back-off timers are maintained when the UE is powered off, and the statement above suggests that BO timers should also be maintained during PSM. It is good to have an overall analysis of the possible cases that a PSM-capable UE will receive a NAS-level back-off (BO) timer and how this might impact PSM. Note that the conditions that allow a UE to maintain a BO timer when powered off are not necessarily the same for PSM. For example, a UE may receive a BO timer in a TAU Reject message and then performs a switch off during which the BO timer is maintained. On the other hand, a UE that has already adopted PSM (active timer already provided in previous attach or TAU procedure) and now receives a TAU Reject with a back-off timer but no active timer will not necessarily maintain the BO timer in PSM – in fact the UE does not even enter PSM (as the active timer is not allocated in TAU Reject).

NAS BO timers are grouped (for simplicity) into mobility management (MM) and session management (SM) BO timers. The NAS MM BO timer can be received in Attach Reject, TAU Reject, Service Reject, or when obtained from lower layers e.g. in RRC Connection Reject (assuming a UE is configured as low access priority device) for which a NAS BO timer will be started and set to the value provided by the RRC layer. The SM BO timers can be included in the NAS session management messages e.g. PDN Connectivity Reject.

It is clear that a UE can adopt PSM if it requests an active time and the network allocates one. An active time is requested and allocated during an attach or TAU procedure. 

The following discusses and proposes a PSM-capable-UE’s behaviour when a MM BO timer is received for different cases.

1. Attach procedure: the UE may get a MM BO timer during the attach procedure and the UE may have requested an active time. Since an active time is not allocated in the Attach Reject the UE should not enter PSM. However, the UE would not have succeeded in registering to the system and hence it cannot be possibly paged. Therefore, there may be some advantage, in terms of power savings (e.g. if the BO is very long), for the UE to enter PSM during the lifetime of the BO timer.

Proposal 2: discuss the option for the UE to enter PSM if a UE requested an active time in the attach procedure but received a BO timer in the Attach Reject message. If deemed advantageous, capture the optimization accordingly.

2. TAU procedure: the UE may get a MM BO timer during the TAU procedure in which the UE may have requested an active time. Similarly, since no active time is allocated in the TAU Reject, the UE should not enter PSM. Moreover, unlike the previous case, it is currently possible that the network pages a UE that has received a BO timer in TAU Reject. In fact stage-3 specifications have already defined the UE behaviour in which it responds to the paging with a TAU Request if it had previously received a TAU Reject with a BO timer. Therefore, for both of the reasons mentioned, the UE should not enter PSM in this case.

Proposal 3: confirm that the UE does not enter PSM if a TAU Reject is received with a BO timer. Note that this does not need to be captured in the specifications.

3. Service request procedure: the UE may exit the PSM, e.g. to send data, and hence initiate the service request procedure. The MME may, due to load conditions, respond with a Service Reject message and includes a BO timer. Assuming the UE was already provided with an active time during the last attach or TAU procedure, the UE can then start the active timer upon transitioning to EMM-IDLE mode and eventually enter PSM after the timer expires. In PSM the UE then maintains the MM BO timer as the current description of the PSM states. Note that the MME should now adjust the UE timers accordingly -  mobile reachable timer and the implicit detach timer if the BO timer is larger than the sum of the UE’s periodic TAU timer plus the implicit detach timer - as described in section 4.3.7.4.2 of TS 23.401:

“If the MME rejects Tracking Area Update request or Service request with a Mobility Management back-off timer which is larger than the sum of the UE's periodic TAU timer plus the Implicit Detach timer, the MME should adjust the mobile reachable timer and/or Implicit Detach timer such that the MME does not implicitly detach the UE while the Mobility Management back-off timer is running.”
One can assume that the MME still sets the mobile reachable timer to the active time and adjusts the implicit detach timer accordingly. This allows the UE to reuse the value of the last active timer provided to it. 

Proposal 4: confirm that the network still considers the mobile reachable timer to have the same value as the active time that was last provided to the UE.

Assuming the mobile reachable timer is still set to the value of the active time, this means that when the UE goes to PSM the network cannot reach the UE via paging. Therefore, even if the periodic TAU timer expires before the BO timer expires, there is no need for the UE to exit PSM. This can also save additional power for the UE. 

Proposal 5: if the UE maintains a NAS MM BO in PSM and the periodic TAU expires before the BO timer, the UE may remain in PSM for the duration of the BO timer.

4. BO timer from lower layers: a UE may exit PSM and get a BO during RRC connection establishment if the configured as a low access priority device. The NAS will then start the MM BO timer with a value set to that received from the RRC layer. Is the UE allowed to enter PSM? If yes, does the UE have to start an active timer? Note that, as per the current description, the active timer is started upon transition from EMM-CONNECTED to EMM-IDLE. However, in this scenario, the UE will not get to transition to connected mode and will be backed off. Since the MME is not aware that the UE has exited PSM (as the RRC connection was not even successful), there is no need to start the active timer as no paging is expected. Hence the UE can enter PSM immediately and maintain the NAS BO timer accordingly.

Proposal 6: if UE that is configured as a low access priority device receives an extended wait timer and PSM was previously activated, the UE shall enter PSM without starting an active timer even if the UE had been allocated one in the last attach or TAU procedure.

A UE may also receive NAS SM BO timer in SM messages, however, this only happens after the UE has transitioned to EMM-CONNECTED mode. Normally the SM timers do not affect MM procedures but an exception is the APN based mobility management congestion control. However this happens when the MME rejects an attach procedure for particular APN but the MME provides a NAS MM BO timer. If this happens then it falls under the MM BO timer handling that has been discussed above. Otherwise, reception of SM BO timers should not affect the PSM functionality.

Emergency Bearer Service after PSM is activated
After activation of PSM i.e. after an active timer has been provided either in attach or TAU procedure, the UE may activate a PDN connection for emergency bearer service e.g. after exiting PSM or even before entering PSM when the UE is already in EMM-CONNECTED mode. After the session is terminated, and there is no user data activity, the UE may be put to EMM-IDLE. However, the PDN connection for emergency bearer service may still be active and a terminated call on this connection may be received. Hence, it is not desired that the UE enters PSM if the emergency PDN connection has not been deactivated. Therefore, the UE and the network should deactivate PSM functionality for the lifetime of the PDN connection for emergency bearer services.

Proposal 7: if PSM is already active, the UE and the network shall implicitly deactivate PSM without any signalling when a PDN connection for emergency bearer service is established. The UE may adopt PSM again after the PDN connection for emergency bearer service is deactivated.
Conclusions

This document has discussed several aspects of PSM relating to stopping of the active timer, interaction between NAS BO timers and PSM, and between emergency bearer services and PSM. The following proposals are made as a result:

Proposal 1: the UE shall stop the active timer if running upon transition to EMM-CONNECTED mode.

Proposal 2: discuss the option for the UE to enter PSM if a UE requested an active time in the attach procedure but received a BO timer in the Attach Reject message. If deemed advantageous, capture the optimization accordingly.

Proposal 3: confirm that the UE does not enter PSM if a TAU Reject is received with a BO timer. Note that this does not need to be captured in the specifications.

Proposal 4: confirm that the network still considers the mobile reachable timer to have the same value as the active time that was last provided to the UE.

Proposal 5: if the UE maintains a NAS MM BO in PSM and the periodic TAU expires before the BO timer, the UE may remain in PSM for the duration of the BO timer.

Proposal 6: if UE that is configured as a low access priority device receives an extended wait timer and PSM was previously activated, the UE shall enter PSM without starting an active timer even if the UE had been allocated one in the last attach or TAU procedure.

Proposal 7: if PSM is already active, the UE and the network shall implicitly deactivate PSM without any signalling when a PDN connection for emergency bearer service is established. The UE may adopt PSM again after the PDN connection for emergency bearer service is deactivated.
Proposals 1, 5, 6 and 7 are already implemented. The other proposals can be included if they are acceptable. 
