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Abstract of the contribution:  This PCR is proposed to clarify reachability issues for supporting power saving on devices. Also add some bullets in solution evaluation.
Discussion
For UEPCOP feature in the clause 7.1.3.3, TR 23.887, there proposed a power saving state for devices. Basically, the power saving state is an extended idle state in UE and the UE stops performing any cell/RAT/PLMN selection and MM procedures during the state. To support this feature, it is important that the network manages UE reachability properly. However it is found that the proposed UE reachability needs to be clarified due to the following cases:

· Excerpt in Clause 7.1.3.3: 

The serving CN node sets the UE’s mobile reachable timer to this time value. Further timer handling is unmodified. When the mobile reachable timer expires, the serving CN node considers the UE as not reachable and starts the implicit detach timer. When the implicit detach timer expires, the serving CN mode may deactivate the UE’s PDP/PDN connections and also purge the UE. The serving CN node sets the implicit detach timer at least slightly longer than the UE’s periodic registration timer so that the implicit detach timer doesn’t expire before the UE performs the next periodic registration.
· Possible Issues:
· If the value of the PTAU timer is less than the value of the active timer, the UE will initiate PTAU procedure before entering the power saving state. The power saving cannot work because a new active timer may be allocated again by the TAU procedure. 

· If the value of the PTAU timer is larger than the value of the active timer, the UE may leave power saving state a lot earlier than the expiry of the implicit detach timer so as to initiate PTAU procedure. In this case, the benefit of the power saving state is limited.
Proposal#1: It is proposed to clarify the solution for the reachability management on devices activating power saving feature as follows:
The implicit detach timer is set to be slightly larger than the difference of the PTAU timer and active timer. The network needs to make sure that the PTAU timer is larger than the active timer in determining the PTAU timer or active timer for the UE.
Further, it is still not clear if the ISR can be supported for such devices activating power saving. To some extents, ISR not only can reduce signalling but also save power on UE because of less location updates. There are the following cases for consideration to support ISR:

· The UE enters power saving state when camping on a LTE cell. Since the UE will not perform cell/RAT/PLMN selection even if it moves out of the LTE cell and enters 2/3G cell coverage, the UE will not camp on the 2/3G cell until the expiry of the periodic TAU timer. Therefore the UE will not be able to receive MT call in 2/3G cell no matter if ISR is activated or not.
· The UE with ISR activated moves out of a LTE cell and camps on 2/3G before entering power saving state. Although the UE can still camp on the same 2/3G cell to receive MT calls, the UE cannot change cells if moving out of the serving cell. Therefore it seems not feasible to support mobility around TA/RA areas. 

The merit of ISR supporting on a UE activating power saving is very limited if turning off cell/RAT/PLMN selection. 

Proposal#2: it is proposed to clarify ISR is not supported for UE requesting power saving.
Proposal
It is proposed to include the proposed requirements in TR 23.887.

* * * First Change * * * *

7.1.3.3
Solution: Power Saving State for Devices
7.1.3.3.1
General
The solution introduces a power saving state that a UE may adopt when there are longer periods of inactivity (in the range of multiple minutes or hours). The basic idea behind the solution is that a UE can be configured so that the UE is reachable for downlink data only during the time that the UE is in connected state plus an active time period reachable for paging after the UE changed to idle state. Outside this time period the UE may change to a power saving state. Depending on device configuration the applications of the device may change the device back to normal network operation, e.g. when an application of the device needs to transfer data.

During that power saving state the UE remains attached and also all active PDP/PDN connections remain established on UE and network side. The UE stops performing any cell/RAT/PLMN selection and MM procedures. The UE continues to perform periodic registrations procedures with the timer value(s) given by the network. In order to influence the responsiveness to mobile-terminating events, and taking into account whether the UE is also attached to the CS domain, the UE can propose a periodic updating timer or active time period to the network. The network may take the UE indication, either proposed active time period or periodic updating timer, into account, along with any subscribed periodic updating timer value from the HSS and any local network configuration in determining the active timer or periodic updating timer that is allocated to the UE. Noticeably, the network shall ensure that the periodic updating timer is larger than the active timer period. If the UE is not content with the timer value that is allocated, and the UE does not want the network to suppress paging, the UE can perform a subsequent registration procedure to indicate that the UE does not now wish to enter the power saving state. Before the timer expires, the UE shall become active with sufficient lead time to perform any potential cell/RAT/PLMN selection to complete the necessary periodic registration in time. The ISR is not supported for a UE requesting power saving.
The serving CN node knows that the UE changes to power saving state after the active time. When a not-reachable-flag is set for this UE in the serving CN node (indicating that there is some pending downlink data or SMS), the serving CN node may keep the signalling connection for some time after a mobile originated transaction, e.g. a TAU/RAU procedure or MO data, to keep the communication with the UE established while waiting for potential downlink data. [1min] after release of the signalling connection the UE remains reachable for paging. The serving CN node sets the UE’s mobile reachable timer to this time value. When the mobile reachable timer expires, the serving CN node considers the UE as not reachable and starts the implicit detach timer. When the implicit detach timer expires, the serving CN mode may deactivate the UE’s PDP/PDN connections and also purge the UE. The serving CN node sets the implicit detach timer at least slightly longer than the difference between UE’s periodic registration timer and active time period so that the implicit detach timer doesn’t expire before the UE performs the next periodic registration. When a Service Capability Server or any other entity attempts to send downlink data or SMS to the UE outside the reachability period of the UE (i.e. after the mobile reachable timer has expired), it will get a notification that the device is not reachable / not responding (for SMS delivery attempts) or it gets no response (when downlink IP packets are discarded). The Service Capability Server or other entity then may decide to register its ID with HSS, possibly via the MTC-IWF, for getting notified when the MTC device becomes reachable (for the UE available notification procedure, refer to TS 23.401 [6] clause 5.3.11 or TS 23.060 [5] clause 5.3.10). If the Service Capability Server or other entity knows that the device is only occasionally reachable, it may also directly register with HSS for getting notified without first trying to send downlink data.

The HSS requests the serving CN node(s) to notify about reachability. The CN node(s) set the URRP-SGSN or URRP-MME flag. In the response, the serving CN node(s) may provide the time of the last UE contact and/or the time of the expected next UE contact, which the HSS may deliver to the requestor. When the UE becomes available (e.g. because of TAU/RAU or e.g. MO data for another application), the HSS gets alerted by the CN node and the HSS informs all entities that have registered their IDs with the HSS. The Service Capability Server can then send the downlink data to the UE.
The figure shows an ECM state model for the UE. The existing model gets an additional state, e.g. “ECM-DORMANT”. In that state all AS functionality stops and for NAS basically the periodic timer and also all backoff timers will continue to run. The RRC adopts an equivalent state, e.g. “RRC-DORMANT”. When the UE returns to ECM-IDLE its behaves like when returning from out of coverage to coverage.
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Figure 7.1.3.3.1-1: ECM state model in UE
7.1.3.3.2
Impacts on existing nodes and functionality
-
The UE is enhanced for being configured to enter a power saving state a defined time period after the signalling connection is released. In that state, it continues to run the periodic update timer for doing periodic registrations and may also be woken up by applications of the UE.
-
The MME/SGSN recognizes this specific UE configuration and sets the mobile reachable timer to the defined time period that the UE is reachable after signalling connection release. The MME/SGSN may be configured to allocate a long periodic update timer to such UEs.

-
The HSS to application signalling may be extended to provide timing information
7.1.3.3.3
Solution evaluation

7.1.3.3.3.1

Pros
The solution is applicable to service provision via PS domain. Reachability handling via MSC may be used within the overall scenario as far as the functionality exists already for the CS domain, i.e. existing SMS related notifications. 

7.1.3.3.3.2

Cons

-
Significant UE impacts with a new ECM mode for the UE.
-  
The network requires different handling for UE reachability.
-
ISR is not supported for UE applying power-saving-state.
-
The network entities, e.g. SMS-SC, may need to upgrade storage for accommodating more undelivered SMS during UE in power-saving-state.
* * * End of Change * * * *
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