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1 Introduction
In RAN2 #85bis meeting, an issue was raised in [1] that for UMTS case UE could be kept in PCH state for a long time so that UE has no opportunity to enter PSM. During the short discussion, some companies thought maybe same issue exists in LTE system and would like to consider it for the both case. In this document, we analyze the potential scenarios and possible existing mechanisms to see whether any enhancement is needed.
2 Discussion
2.1 UMTS case

For UMTS case, the UE is allowed to activate PSM provided that T3324 expires and the MS is in PMM-IDLE mode. An MS shall enter PMM-IDLE mode when the PS signalling connection consisting of Iu signaling connection and RRC connection for packet switched domain between the MS and the network has been released [4]. 

PCH state was introduced for the purposes of efficient UE power consumption, efficient RRC/NAS signaling overhead and short traffic setup latency and under this state the signaling connection is reserved and UE’s PDP context is reserved, which means the state is transparent to NAS layer. Normally, when UE has no PS domain data transmission for a period of time, UE will transit into PCH state (CELL-PCH or URA-PCH). 
According to NAS specification [4], the MS may deactivate PSM at any time for a) mobile-originated transmission or for b) initiating routing area updating (RAU) procedure. That means it is expected that UE will enter PSM after the end of MO data transmission and periodical RAU procedure. 
For standalone RAU procedure, UE can set the  IE “Follow-On Request bit (FOR)”  in NAS message RAU request to “No follow-on request pending” to indicate SGSN to release the PS signaling connection once the RAU procedure is completed successfully. Therefore, for this procedure, UE won’t enter PCH state and will go back to idle mode as soon. Therefore, no issue will be raised for this case.
For MO data transmission, it is possible that network keep UE’s PS signaling connection and PDP context for a very long time under PCH state even though there is no follow-up data to transmit. And then the issue arises that UE has no opportunity to enter PSM mode. In the following sections, we provide some analysis to find out whether it is possible to reuse the existing mechanisms solving the issue.
2.1.1 Fast dormancy
Fast dormancy was introduced to indicate by UE to network one of its signalling connections has been released. The procedure may in turn initiate the RRC connection release procedure. According to the discription in TS 25.331 as following, it could be seen that it is possible that UE requests to go back to idle mode if it wants to enter PSM mode.
(quoted from 25.331)
The UE shall:

1>
set the IE "CN Domain Identity" to the value indicated by the upper layers. The value of the IE indicates the CN domain whose associated signalling connection the upper layers are indicating to be released;

1>
if the UE includes the IE "Signalling Connection Release Indication Cause" and does not set it to "UE Requested PS Data session end";

2>
set the IE "Signalling Connection Release Indication Cause" to "any other cause";

1>
transmit a SIGNALLING CONNECTION RELEASE INDICATION message on DCCH using AM RLC.

1>
if the SIGNALLING CONNECTION RELEASE INDICATION message did not include the IE "Signalling Connection Release Indication Cause" set to "UE Requested PS Data session end".

2>
remove the signalling connection with the identity indicated by upper layers from the variable ESTABLISHED_SIGNALLING_CONNECTIONS.

When the successful delivery of the SIGNALLING CONNECTION RELEASE INDICATION message has been confirmed by RLC the procedure ends.


Upon reception of a SIGNALLING CONNECTION RELEASE INDICATION message, if the IE "Signalling Connection Release Indication Cause" is not included or the IE "Signalling Connection Release Indication Cause" is set to "any other cause", the UTRAN requests the release of the signalling connection from upper layers. Upper layers may then initiate the release of the signalling connection.
2.1.2 PDP context deactivation
For a UE configured with PSM feature, at most cases, the data transmission inter-arrival is relatively large, e.g. several ten minutes, several hours, even several days. For such UE, one possible method is that UE initiates PDP context deactivation procedure after the completion of one data transmission, and when receiving the request message, SGSN will deactivate the UE’s PDP context and then further release the related PS signaling connection considering it knows the UE is configured with PSM. After receiving the Iu release command message, RNC will release the related radio resource, and UE inverts back to idle mode. The figure 1 in Annex shows the flow chat.

If SGSN foresees there will be a terminal call for the UE during this time (It is believed possible because the UE can only be paged during the timer running period.), SGSN can keep the signaling connection and PDP context unchanged so that extra signaling overhead can be saved.
One could argue that the PDP context will be activated and deactivated each time UE wants to transmit data, which potentially brings extra signaling overhead. However, the overhead can be ignored if considering the typical application scenarios with large data transmission interval.
2.1.3 SGSN release by implementation
If it is not expected to deactivate UE PDP context every time UE goes back to idle mode, another method could be considered is that SGSN initiates the PS signaling connection release procedure by implementation. As SGSN has the knowledge UE attribute, i.e. configured with PSM, it is proper SGSN implementation to release the PS signaling connection by initiating Iu release command message once detecting no more data is transmitted during a period of time. The general procedure can be seen in figure 2 in Annex. 
In summary, the existing mechanisms, e.g. fast dormancy, PDP context deactivation can assist network to transit UE to idle mode. Someone could argue that even SGSN initiates Iu release request, RNC will not release RRC connection because RNC is responsible for the release of RRC connection by inactivity timer. However, just as analyzed as LTE part, we believe the inactivity timer normally is set to a short time that may be negligible. 
Observation: The existing mechanisms, e.g. fast dormancy, PDP context deactivation, SGSN proper implementation can assist network to release UE to idle mode.
Proposal 1: RAN2 is proposed to discuss whether any enhancement is necessary to support UE entering PSM for UMTS.
2.2 LTE case

During last RAN2 meeting, one argues that the abovementioned UMTS issue also exists in LTE system due to the inactivity timer. From our understanding, the normal value of the inactivity timer is set to a short time, e.g. 30s and only UEs with very frequent data transmission can be kept in connected for a long time. Such UEs are also not required to enter PSM. For UEs configured with PSM, at most cases, the data transmission is very infrequent, and the value of inactivity timer can be negligible compared to the large data inter-arrival time. Therefore, special consideration is not needed for LTE system.
Proposal 2: Enhancement is not necessary to support UE entering PSM for LTE.
3 Conclusion

In this document, we analyze the necessity of RAN assisted information to PSM, and propose:
Proposal 1: RAN2 is proposed to discuss whether any enhancement is necessary to support UE entering PSM for UMTS.
Proposal 2: Enhancement is not necessary to support UE entering PSM for LTE.
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Figure 1: PDP deactivation and resource release procedure
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Figure 2: SGSN release PS signaling connection
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