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1 Introduction

RAN2#85bis meeting extensively discussed the support of PSM in RAN2 specifications. During the discussion, companies reached some consensus, however there were still some unclear aspects, e.g. AS timers handling during PSM. 
The AS timers handling issue was further discussed by email [1] after the RAN2#85bis meeting, however it seems that companies still had different opinions. In this contribution, we will list all the idle mode AS timers in the current specification and analyse what is the reasonable way to handle them during PSM. We will also discuss some other open issues, including SIB acquisition after leaving PSM, MBMS reception during PSM, back-off timer handling after leaving PSM, as well as UE capability for PSM.
2 Discussion

2.1 AS timers handling during PSM
As discussed in [1], there are 3 alternatives to handle the AS timers during PSM: continue, suspend and stop. In Table 1, we list all the idle mode AS timers in the current specification, and we also analyze what is the reasonable way to handle them during PSM. 
Table 1: AS timers handling during PSM
	AS timer
	Description
	Action when timer expires or stopped
	Analysis (Continue, Suspend or Stop)

	T300
	Timer for reception of RRCConnectionSetup or RRCConnectionReject
	Inform upper layers about the failure to establish the RRC connection
	Not relevant, since UE won’t enter PSM when T300 is running.

	T302
	Back-off timer (wait time) in case of RRCConnectionReject
	Inform upper layers about barring alleviation
	It is better to continue this timer during PSM, otherwise eNB cannot control accesses as it wanted. 

	T303, T305 
and T306
	Back-off timer in case of ACB
	Inform upper layers about barring alleviation
	It is better to continue this timer during PSM, otherwise eNB cannot control accesses as it wanted.

	T320
	Validity timer for dedicated cell reselection priority info
	Discard the stored dedicated priority info and apply priority info in SIB
	It is better to continue this timer during PSM, because length of the timer reflects network load balancing strategy.

	T325
	Period to deprioritize  the indicated frequency/RAT
	Stop deprioritisation of the indicated frequency/RAT
	It is better to continue this timer during PSM, because length of the timer reflects network load balancing strategy.

	T330
	Validity timer for logged measurement configuration
	Release logged measurement configuration
	It is better to continue this timer during PSM, to align with the current UE behaviour in other cases where log MDT is also suspended. 

	Logged measurement information validity timer 
	Validity timer for stored logged measurements, i.e. 48 hours after T330 expiry
	Discard stored logged measurements
	It is better to continue this timer during PSM. If stop, stored logged measurements may be unnecessarily discarded. If suspend, the stored logged measurement might become out-of-data.

	timeSinceFailure
	Indicate the time that elapsed since the connection (establishment) failure. 
	N/A
	It is better to continue this timer during PSM, otherwise network will get an inaccurate elapsed time.


The analysis in Table 1 shows that for all the idle mode AS timers in the current specification, in order to achieve the desired intention, it is more reasonable to continue them rather than stop/suspend them during PSM. Note that continue AS timers during PSM will not reduce the power saving potential, since anyway UE needs to keep the low accuracy clock activated so as to maintain the NAS timers (e.g. periodic TAU/RAU timer) during PSM. 

From Table 1, we can also notice that if AS timer expires during PSM, UE will not be forced to leave PSM. UE behaviours upon the expiry of T302/T303/T305/T306 will be analyzed in detail in section 2.3.

Proposal 1: Continue the running AS timers after entering PSM. If the AS timers expire, UE performs the actions as today.
2.1 System Information
During the PSM, the UE can’t receive any system information change notification thus the stored SIB might already be out-of-data when the UE comes back from the PSM. Generally, the periodic TAU/RAU timer is quite long (e.g. the default value is 54min), and the system information value tag might wrap around during the time period in the PSM. Checking system information value tag is not safe and it is better for the UE to re-acquire the system information after leaving PSM. Corresponding, when entering PSM, the UE shall consider any stored system information to be invalid.
Proposal 2: When entering PSM, the UE shall consider any stored system information to be invalid. 
2.2 MBMS reception during PSM
As known, there are some potential use cases where MBMS could be used as a group communication mechanism to serve a large number of MTC devices, for example device triggering and firmware update. For a MTC UE configured with PSM, due to the infrequent traffic, it may stay in PSM most of the time. Therefore, UE shall be able to perform MBMS reception during the PSM to avoid missing the interested MBMS services. 

According to e.g. the USD information, if a UE is about to receive MBMS services, the UE shall monitor the system information change and keep the latest SIB2/13 information. Further, the UE shall acquire the latest MCCH information and keep the MBMS service continuity. However, in order to reduce the power consumption, UE in PSM will stop all the AS layer functions, consequently the UE can’t perform the MBMS reception. 
In order to support the MBMS reception in PSM, the following two solutions could be considered:
1) Solution 1: UE leaves PSM if it is about to perform MBMS reception. UE will not enter PSM again unless MBMS reception is completed.

Currently, entering and leaving of PSM are driven by the NAS layer. However, for LTE as well as for UMTS broadcast, there is no MBMS context in the NAS layer. This means, NAS layer has no idea about MBMS reception hence it can’t activate/deactivate the AS layer according to the MBMS reception status. Therefore, this solution is not feasible.
2) Solution 2: UE performs MBMS reception during PSM
In this solution, when UE is in PSM and about to receive MBMS services, AS layer starts the relevant AS layer functions and perform the MBMS reception. When entering PSM, if there are ongoing MBMS receptions, the MBMS reception shall continue. Correspondingly, AS layer shall stop all the relevant AS layer functions after MBMS reception is completed if UE is still in PSM till then. During the MBMS reception, from NAS layer perspective UE may be in PSM however from AS layer perspective it is not a “real” PSM. However, such inconsistency will not cause any problem. Therefore, this solution is preferred.
Based on above analysis, we propose:
Proposal 3: UE can perform the MBMS reception during PSM.
2.3 Back-off timer handling after leaving PSM
During the PSM, when the periodic TAU/RAU timer expires, or when there are pending UL data, the UE leaves the PSM and the NAS layer activates the AS layer. Subsequently, the UE initiates the RRC connection establishment procedure. However, the RRC connection establishment might be rejected by the eNB via RRCConnectionReject in case eNB/MME is congested. 
Similarly, in case eNB/MME is congested and ACB is activated, the RRC connection establishment attempt might be rejected by ACB.
When RRC connection establishment is rejected by the eNB, the question is how the UE shall proceed with respect to PSM? This question could be analyzed in the following two cases: 

1) Case 1: extendedWaitTime is not present in RRCConnectionReject:
In this case, upon the reception of RRCConnectionReject, AS layer will inform NAS layer about the failure to establish the RRC connection and that access barring is applicable. At the same time, AS layer starts timer T302, with the timer value set to the waitTime (WaitTime is present anyway since it is mandatory). At the expiry of timer T302, AS layer will inform NAS layer about barring alleviation.
It is then subject to the NAS layer to decide how to proceed. The NAS layer could choose to enter PSM again upon the reception of the barring notification from AS layer. To achieve more power saving potential, UE could choose to enter PSM immediately without starting the active time first. There is no interoperability problem since MME doesn’t know what happened in the UE side and from MME perspective the UE is still in PSM. Upon the reception of the barring alleviation from AS layer, NAS layer should leave PSM and then re-initiate the RRC connection establishment.
Considering that the length of WaitTime is quite short (i.e. up to 16s), the NAS layer could choose to not enter PSM upon the reception of the barring notification from AS layer. Anyway, this should be decided by CT1 and no RAN2 impact is expected.
2) Case 2: extendedWaitTime is present in RRCConnectionReject:

In this case, AS layer will forward the received extendedWaitTime to NAS layer and the corresponding back-off timer will be maintained by NAS layer. 
Again, it is then subject to the NAS layer to decide how to proceed. The NAS layer could choose to enter PSM again upon the reception of extendedWaitTime from AS layer. To achieve more power saving potential, UE could choose to enter PSM immediately without starting the active time first. There is no interoperability problem since MME doesn’t know what happened in the UE side and from MME perspective the UE is still in PSM. At the expiry of the extendedWaitTime, NAS layer should leave PSM and then re-initiate the RRC connection establishment.
Considering that the length of extendedWaitTime is long (i.e. up to 30min), it is beneficial for the UE to enter PSM upon the reception of the extendedWaitTime from AS layer. Again, this should be decided by CT1 and no RAN2 impact is expected.
When the RRC connection establishment attempt is rejected by ACB, UE behaviour on PSM is the same as Case 1.
Proposal 4: When RRC connection establishment is rejected by RRCConnectionReject or ACB, UE behavior on PSM should be decided by CT1 and no RAN2 impact is expected.
2.4 UE capability

According to the CT1 conclusion [2, 3], capability negotiation for PSM are handled by NAS signaling. The UE indicates the support of PSM and requests the use of PSM by including a UE preferred active time (i.e. T3324) during the Attach or TAU/RAU procedure. The inclusion of T3324 implies that the UE is capable of PSM. 
Since PSM can work without any impact to RAN network, it is not necessary to introduce a Radio Access capability for PSM. Instead, we can assume that if a UE supports NAS layer functions of PSM, it shall also support AS layer functions of PSM.
Proposal 5: There is no need to introduce a Radio Access capability for PSM.
3 Conclusion

In this contribution, we discussed the open issues for PSM, and we have the following proposals for both UMTS and LTE:
Proposal 1: Continue the running AS timers after entering PSM. If the AS timers expire, UE performs the actions as today.

Proposal 2: When entering PSM, the UE shall consider any stored system information to be invalid. 
Proposal 3: UE can perform the MBMS reception during PSM.
Proposal 4: When RRC connection establishment is rejected by RRCConnectionReject or ACB, UE behavior on PSM should be decided by CT1 and no RAN2 impact is expected.
Proposal 5: There is no need to introduce a Radio Access capability for PSM.
RAN2 is kindly asked to discuss and agree on the above proposals.
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