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Discussion on Power Saving Mode
Introduction of PSM
Power saving mode has been introduced to reduce the power consumption as [1], which is beneficial for M2M terminals. Such a procedure is initiated by UE request in attach or RAU procedures as below:
1. UE includes the Active Timer value (T3324) in the ATTACH REQUEST / ROUTING AREA UPDATEING REQUEST as an indication to request of applying PSM.
2. If this is acceptable from the CN side, a specified Active Timer value will be sent in the ATTACH ACCEPT / ROUTING AREA UPDATING ACCEPT message combined with the period RAU timer value (T3312), which indicates confirmation for UE to apply PSM.
For Gb based architecture, during the Ready timer, if there is data arrival (1), there is no need for the SGSN to paging UE and the UE is reachable by assignment. Once the Ready Timer expires, the Active timer starts and the UE is reachable via paging (2). When the Active Timer expires, the UE enters sleeping mode and the CN knows the UE becomes unreachable until the periodic RAU Timer expires or there is data from application layer to be transmitted. In real implementation, this actually indicates that paging can only be sent when the activate timer is running and will not be sent from the Core Network when the UE is in sleep mode until the periodic RAU timer expires or a new mobile-originated data arrives. In the latter case, any data/command (3) from application server will be managed by Core Network in Figure 1. It could be buffered in Core Network or discarded.

 
Figure 1 Data flow with active timer (Gb based)
For S1 based architecture, since there is no ready timer, the flow can be showed as Figure 2. It is worth mentioning that, although there is no Ready timer in LTE, the eNB normally would configure an inactivity timer, which controls the release of RRC connection. The value of the inactivity timer is implementation specific.


Figure 2 Data flow with active timer (S1 based) 
Discussion
Based on the above mechanism, when PSM applies the Core Network has either to discard the paging for a UE in sleep mode, or to buffer the paging until the UE wakes up. It is worth analyzing the specific behaviour of UE in different situations.
Mobile autonomous reporting
In this traffic model, the UE will wake up to report data or implement RAU periodically. Thus the downlink response or command (if any) can be directly sent to the UE during the time of uplink data transmission. In this case the Active Timer is not necessary if the Ready Timer is set long enough, i.e. the UE can get all downlink information taking the chance of uplink transmission as showed in Figure 3. In the current GPRS specification, the Ready Timer can be a 3.2h long and therefore this can be well supported. It is proposed to set Active Timer as zero for this traffic model.
Proposal 1: to apply PSM for mobile autonomous reporting and set Active Timer as zero.

 
Figure 3 Data flow when active timer is set to 0 (Gb based)
It should be mentioned that, in the S1 architecture, if the active timer is set to 0, the UE will go into PSM when the connection is released. As explained above, the setting of inactive timer can also be used to delay the connection release. During the inactive timer, if there is any downlink data (1) arrival, it can be sent to UE directly since the UE is still in connected mode, as showed in Figure 4. 


Figure 4 Data flow when active timer is set to 0 (S1 based)
Network Triggered Reporting  
In this case the UE reporting is triggered by the network. Even so, the UE has to implement the periodic RAU procedure to keep registered at the Core Network. If the network triggered reporting is delay tolerant and does not require an immediate reporting from the UE side, e.g. the command might ask the UE to have a report in 24 hours, and the UE can try to get the command during RAU procedures if the Core Network buffers any downlink data while the UE is in PSM as showed in Figure 3 and Figure 4. 
However, this is not always true. Sometimes the application server might require a quick reporting from the UE, e.g. reporting in 5 minutes, while the periodic RAU timer would last for several hours. So in this case if PSM applies, the request from the application layer cannot be fulfilled. So in this case, it may be better to use the normal paging mechanism than PSM.
Whether to apply paging or PSM is dependent on the delay requirements from the application layer, which is known by the UE. Therefore the UE can request PSM only when there are no delay requirements. 
In a summary for delay tolerant applications, PSM can be applied for network-triggered reporting; otherwise normal paging mechanism shall apply.
Proposal 2: 
-	For delay tolerant MT service, the UE requests PSM with Active Timer set to zero.
-	For low or medium latency MT service, normal paging mechanism is applied.
Conclusion and Proposal
According to the above analysis, it is suggested to adopt these two proposals into the TR.
References
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