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1 Introduction
For UEs that can always tolerate longer access delays for mobile terminating services, in order to reduce the power consumption, a new mechanism named “Power Saving Mode” was introduced in the SA2/CT1 specifications. In the “Power Saving Mode”, the UE remains attached, however all AS layer functions are stopped. The UE is reachable for DL data during the time that the UE is in RRC/S1 connected state and during the active time period (i.e. via paging). The UE will move to the “Power Saving Mode” after an active time period starting when the UE moves to idle state. The UE wakes up - going back to idle state - when it has UL data pending or when it needs to perform a Tracking/Routing Area Update. The “Power Saving Mode” from AS perspective is illustrated in Figure 1.
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Figure 1: Diagram of “Power Saving Mode” (from AS perspective)
In this contribution, we will analyze RAN2 aspects of the “Power Saving Mode” and identify the necessary modifications to RAN2 specifications to align with SA2/CT1 specifications.
2 Discussion
2.1 Interactions between NAS layer and AS layer
According to the SA2/CT1 conclusions, the entering and the leaving of “Power Saving Mode” are driven by the NAS layer. When the active timer, which is implemented by the NAS layer, expires, the NAS layer deactivates the AS layer and the UE enters “Power Saving Mode”. During the “Power Saving Mode”, when the periodic TAU/RAU timer expires, or when there are pending UL data, the NAS layer activates the AS layer and the UE leaves “Power Saving Mode”. This is illustrated in Figure 2.
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Figure 2: Interactions between NAS layer and AS layer
It seems that it is not necessary to standardize the interaction between NAS layer and AS layer for the AS layer activation/deactivation and it could be up to UE implementation. This is aligned with the approved CT1 stage-3 CRs [1, 2].
Proposal 1: Entering/leaving of “Power Saving Mode” as well as AS layer activation/deactivation is driven by the NAS layer. It is not necessary to standardize the corresponding interaction between NAS layer and AS layer.
2.2 UE behavior upon entering “Power Saving Mode”
Upon entering the “Power Saving Mode”, the AS layer will be deactivated by the NAS layer. In order to reduce the power consumption during the “Power Saving Mode”, the UE will stop all the AS layer functions associated with RRC_IDLE state, which includes paging monitoring, SIB acquisition, measurements and cell reselection. 

Proposal 2: Upon entering the “Power Saving Mode”, the UE stops all the AS layer functions associated with RRC_IDLE state, which includes paging monitoring, SIB acquisition, measurements and cell reselection.
2.3 UE behavior upon leaving “Power Saving Mode”
During the “Power Saving Mode”, when the periodic TAU/RAU timer expires, or when there are pending UL data, the UE leaves the “Power Saving Mode” and the NAS layer activates the AS layer.
Although the “Power Saving Mode” is more applicable to stationary or low mobility UEs, the UE could leave the original cell during the time it stays in the “Power Saving Mode”. To avoid camping on a wrong cell when the UE comes back from the “Power Saving Mode”, the UE needs to perform measurements, and cell reselection if necessary, before initiating the periodic TAU/RAU or UL data transmission. During the “Power Saving Mode”, 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 “Power Saving Mode”. 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 “Power Saving Mode”. Therefore, checking system information value tag is not safe and the UE always needs to re-acquire the system information after coming back from the “Power Saving Mode”.
Proposal 3: Upon leaving the “Power Saving Mode”, the UE needs to perform measurements, cell reselection (if necessary) and SIB acquisition before initiating the periodic TAU/RAU or UL data transmission.
2.4 RRC state modeling for “Power Saving Mode”
In order to clearly specify the procedures for enter/leaving the “Power Saving Mode”, as well as the UE behavior in “Power Saving Mode”, it could be beneficial to introduce a new state for the “Power Saving Mode”. However, to minimize the impacts to the current specifications, we should consider reusing the existing RRC_IDLE sub-states or introducing a new RRC_IDLE sub-state rather than introducing a new RRC state.

Currently, there are three RRC_IDLE sub-states: “Camped normally”, “Any Cell Selection” and “Camped on any cell”. It seems that none of them could be reused for “Power Saving Mode” due to different UE behaviors in those sub-states. Therefore, it is proposed to introduce a new RRC_IDLE sub-state: “Camped Power Saving Mode”.
Figure 3 illustrates the updated states and state transitions in RRC_IDLE with the introduction of “Camped Power Saving Mode” sub-state. The updates on top of Figure 5.2.2-1 in TS36.304 are highlighted in red. 
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Figure 3: Updated states and state transitions in RRC_IDLE (highlighted in red)
In Figure 3, we only model the transition between “Camped Power Saving Mode” and “Camped normally”, and the transition between “Camped Power Saving Mode” and “Connected mode”/“Camped on any cell”/”Any Cell selection” is not allowed. This is because in CT1 [1, 2] it is specified that Power Saving Mode could be activated only if the UE is in EMM-IDLE mode and in EMM-REGISTERED.NORMAL-SERVICE state (note that “Camped on any cell” is correspondent to EMM-REGISTERED.LIMITED-SERVICE state in NAS layer).
Proposal 4: Introduce a new RRC_IDLE sub-state: “Camped Power Saving Mode”.
Proposal 5: When AS is deactivated by NAS, the UE transfers from “Camped normally” to “Camped Power Saving Mode”. When AS is activated by NAS, the UE transfers from “Camped Power Saving Mode” to “Camped normally”.
Proposal 6: The transitions between “Camped Power Saving Mode” and “Connected mode”/“Camped on any cell”/”Any Cell selection” are not allowed.
The above proposals are also applicable to UMTS, given that the states and state transitions in Idle Mode in UMTS are the same as that in LTE (see section 5.2.2 of TS25.304).
2.5 Impacts to RAN network
According to the CT1 conclusion [1, 2], capability negotiation for “Power Saving Mode” and active time configuration are handled by NAS signaling. Further, the implementation of the active timer is in the NAS layer. This means, “Power Saving Mode” can work without impacts to the RAN network, e.g. no parameter needs to be configured by the eNB/RNC to the UE via RRC signaling, and no impact to S1/Iu signaling is expected.
Proposal 7: No parameter needs to be configured by the eNB/RNC to the UE via RRC signaling.
Proposal 8: No impact to S1/Iu signaling is expected.
2.6 UE capability

According to the CT1 conclusion [1, 2], capability negotiation for “Power Saving Mode” are handled by NAS signaling. The UE indicates the support of “Power Saving Mode” and requests the use of “Power Saving Mode” 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 “Power Saving Mode”. If the UE supports NAS layer functions of “Power Saving Mode”, it shall also support AS layer functions of “Power Saving Mode”. Therefore, it is not necessary to introduce a Radio Access capability for “Power Saving Mode”.
Proposal 9: There is no need to introduce a Radio Access capability for “Power Saving Mode”.
3 Conclusion

In this contribution, we analyzed RAN2 aspects of the “Power Saving Mode”, and we have the following proposals for both UMTS and LTE:

Proposal 1: Entering/leaving of “Power Saving Mode” as well as AS layer activation/deactivation is driven by the NAS layer. It is not necessary to standardize the corresponding interaction between NAS layer and AS layer.

Proposal 2: Upon entering the “Power Saving Mode”, the UE stops all the AS layer functions associated with RRC_IDLE state, which includes paging monitoring, SIB acquisition, measurements and cell reselection.
Proposal 3: Upon leaving the “Power Saving Mode”, the UE needs to perform measurements, cell reselection (if necessary) and SIB acquisition before initiating the periodic TAU/RAU or UL data transmission.
Proposal 4: Introduce a new RRC_IDLE sub-state: “Camped Power Saving Mode”.
Proposal 5: When AS is deactivated by NAS, the UE transfers from “Camped normally” to “Camped Power Saving Mode”. When AS is activated by NAS, the UE transfers from “Camped Power Saving Mode” to “Camped normally”.
Proposal 6: The transitions between “Camped Power Saving Mode” and “Connected mode”/“Camped on any cell”/”Any Cell selection” are not allowed.
Proposal 7: No parameter needs to be configured by the eNB/RNC to the UE via RRC signaling.
Proposal 8: No impact to S1/Iu signaling is expected.
Proposal 9: There is no need to introduce a Radio Access capability for “Power Saving Mode”.
Based on above proposals, it is clear that in order to support the “Power Saving Mode”, TS25.304/36.304 will be impacted, however TS25.331/36.331 will not be impacted. Whether and how TS25.306/36.306 could be impacted could be further discussed and CRs can be provided in a later stage.
The draft TS25.304 CR and TS36.304 CR are provided in [3, 4] respectively.
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