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1. Introduction
Power Saving Mode (PSM) is introduced to decrease the UE power consumption. If a UE wants to use the PSM it shall request an Active Time value from the MME during the Attach/TAU procedure. 

If the UE enters the PSM, it cannot response any paging message due to the deactivation of Access Stratum functions. It means the network cannot restore the PDN connections of UEs in PSM by the service restoration procedure (see clause 25 in TS 23.007). Therefore this paper analyse how to avoid invalid restoration procedure towards UEs in PSM.

2. Discussion
When an SGW detects that a peer MME has failed, the network triggered service restoration procedure (as specified in clause 25) shall be performed as:
1) The SGW determine the S5/S8 bearers eligible for network initiated service restoration based on operator's policy e.g. based on the QCI and/or ARP and/or APN. 
2) Upon receipt of the first downlink user plane or control plane packet on a maintained S5/S8 bearer or PCC signalling from PCRF, the SGW shall immediately send a Downlink Data Notification message including the IMSI to the respective MME.
3) Upon receipt of a DDN message including the IMSI, the MME shall respond to the SGW with a DDNA message and page and force the UE to re-attach to the network.
According to the PSM definition in TS 23.401 and TS 23.682, there is not any limitation on usage of PSM to special service. It means that bearers of UEs adopting PSM and bearers of normal UEs (not adopting PSM) may share the same MME/APN/QCI/ARP. Therefore it's impossible for the SGW to differentiate the bearers related to UEs adopting PSM from all other bearers when detecting the MME failed and the SGW has to send DDN message for all UEs in PSM or not after receiving downlink data or signalling.
NOTE: 
It's possible that the SGW receives downlink data or signalling for UEs in PSM. For example, the PCRF/PGW does not know the UE's PSM state, so the PCRF/PGW may initiate bearer signalling/PCC signalling on S5/S8/Gxx interface towards the SGW at any time. On the other hand, the SCS/AS may also send a device trigger over user plane (see Annex D in TS 23.682) towards UEs in PSM at any time.

With above analysis, it is seems to be necessary that a new mechanism is required to limit invalid restoration for UEs in PSM, otherwise, massive paging messages will consume expensive radio resource and may cause congestion.

3. Solutions
Different mechanisms are possible to identify bearers adopted to PSM to avoid that restoration is applied for this connections. 
Solution 1: Special QCI/ARP/APN for UEs adopting PSM

Based on configuration, an operator may limit QCI/ARP/APN used by UEs adopting PSM. It means that only exclusive QCI/APR/APNs are allocated for the services on UEs adopting PSM. The SGW may immediately delete all bearers related to these QCI/ARP/APNs (bearers used by UE's in PSM mode only) after detecting the MME failed. However, the UE may request an Active Time value after PDN connections/EPS bearers establishment. So the network cannot determine whether an exclusive QCI/APR/APN is used for the UE during the PDN connections/EPS bearers establishment procedure. 

Solution 2: Dedicated core network for UEs adopting PSM

A dedicated core network (see SA2 WI DÉCOR, ongoing in R-13) is introduced. All PDN connections belonging to UE adopting PSM will be redirected to a specific MME/SGW/PGW which could be configured to not support service restoration procedure. In this solution, an indication should be added into user subscription to indicate whether the UE will adopt the PSM and the MME may determine whether a dedicated core network is used for that UE based on UE's subscription.
Solution 3: Non-volatile storage for UEs adopting PSM
The MME stores a simple UE context in non-volatile storage. The simple UE context includes UE Identify (IMSI) and an indication whether the UE is in PSM. After restart, if a DDN message is received, the MME shall not perform any paging on UEs in PSM according to the UE simple context.
This solution is only available for the MME restart case. If the MME failed without restart, the DDN message will be sent to the alternative MME, in which no simple UE context is stored.
Solution 4: PSM adopting indication in the SGW
The MME includes a PSM adopting indication in the Create Session Request or Modify Bearer Request to notify the SGW whether the UE is adopting PSM or not, if the MME receives an Active Time value request from the UE during the Attach/TAU procedure. In order to avoid extra signalling, the MME may only notify the SGW with PSM adopting indication within existing signalling sent to the SGW.
After detecting that the MME has failed, the SGW will delete all bearers related to UEs in PSM and will not perform service restoration for them.
Solution 5: Dynamic PSM status in the SGW
This solution is an enhancement of alt 4. The MME will send the Active Time value of each UE to the SGW together with PSM adopting indication. The SGW may know exactly whether the Active Timer expires. If this timer does not expire, it means the UE has not entered the PSM mode. The SGW will perform the service restoration procedure for UEs with Active Timer not expired after detecting the MME failed and receiving downlink data or signalling.

4. Comparison of the different solutions 
	
	Pros
	Cons

	Solution 1: Special QCI/ARP/APN
	1. Available for both failed case (restart or not)

2. No impact on the SGW
	1. Conflict with stage 2. No limitation on the usage of QCI/ARP/APN on UEs in PSM.
2. During attach procedure, the MME cannot determine whether a UE will adopt PSM, therefore the MME cannot determine whether a specific QCI/ARP/APN is assigned to this UE.

	Solution 2: Dedicated core network
	1. Available for both failed case (restart or not)

2. No impact on the SGW
	1. The standard work of DÉCOR is ongoing in SA2 and only available for Rel 13

2. UE's subscription must be extended to include whether it will adopt PSM.

	Solution 3: Non-volatile storage
	1. No impact on all interface
	1. This solution is only available for the MME restart case.
2. The MME must remain non-volatile storage resource for simple UE context

	Solution 4: PSM adopting indication
	1. Available for both failed case (restart or not)
2. The SGW may exactly know whether to perform restoration procedure because the SGW know whether the UE has adopted PSM.
	1. Impact on the MME and SGW
2. GTP-C signalling need to be extended

	Solution 5: Dynamic PSM status notification
	1. This solution is more exact than alt 4, because the SGW know whether the UE has entered PSM.
	1. The Active Time value must be synchronized between the MME and the SGW. It will cause massive signalling between the MME and the SGW.


5. Proposal

According to the comparison of these solutions, Alt 4 is proposed to TS 23.007.
