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Abstract of the contribution: This paper discusses additional aspects on the introduction of the PSM.
1. Background
For the key issue 7.1, UE Power Consumption Optimizations at the SA2#99 meeting, SA2 has agreed the normative requirements for the UE power save mode via CR 23.682 – 0077,  CR 23.401 – 2603, CR 23.401 – 1814. 
This paper discusses the following issues: 

· potential impacts on the network procedure after introducing UE power saving mode, with the focus on the GTP based interfaces; and

-
logic on requesting periodic TA/RA updates when PSM is not enabled.
2. Discussion
2.1 CN initiated procedures

2.1.1 Requirement analysis

From [2][3][4], the following requirements can be extracted:

1. When the UE wants to use the power saving mode, it will request an Active Time value during every Attach and TAU procedures and MME/SGSN will take the UE requested value and any local configuration into account for determining the Active Time value that is allocated to the UE in the Attach Accept / TAU Accept.
2. During Attach and TAU procedures the MME/SGSN allocates the periodic RAU/TAU timer value as periodic TAU timer to the UE based on VPLMN operator policy, low access priority indication from the UE, periodic RAU/TAU timer value requested by UE and subscription information received from the HSS.

Based on above requirement, the use of UE power saving state is fully controlled by the MME/SGSN, the MME/SGSN knows when UE will be reachable. When UE is in power saving mode, it is not able to response paging. However from the SGW point of view, UE is in idle mode. 
2.1.2 Impacts on PGW initiated signalling procedure
For the P(s)GW Initiated procedures, e.g. PGW initiated dedicated bearer creation/modification/deletion, where these procedures will trigger the MME/SGSN pages UE when UE is in Idle mode, if UE is in power saving mode, the MME/SGSN will not try to page UE instead the MME/SGSN will reject the corresponding procedures. 

Currently (see TS 29.274) the MME/S4-SGSN would use the cause code "UE not responding" to indicate that the UE is not responding to the request initiated by the network, e.g. Paging. This cause code could potentially be re-used for this scenario as a UE in PSM is not responsive for paging. 

However, re-using the cause code would impact existing logic and statistics in the network and it is not clear whether it is to be regarded as a temporary failure or a permanent failure. 
Upon receiving such cause code, the PGW might delete the concerning PDN connection/bearer context (e.g. for HSS Initiated Subscribed QoS Modification procedure it is stated in 23.401 that “If the bearer modification fails the PDN GW deletes the concerned EPS Bearer”. 

For such scenario, unnecessary S11/S4 and S5/S8 signalling should also be avoided, i.e. avoiding unnecessary re-transmissions would be preferable.

2.1.3 Impacts on Network triggered service Request procedure
When the SGW receives GTP-U packets where there is downlink TEID (either S1-U eNB F-TEID or S12 RNC F-TEID) available, it will send Downlink Data Notification message towards the MME/SGSN; if UE is in power saving mode, the MME/SGSN will not try to page UE instead the MME/SGSN will reject the DDN.

Currently (see TS 29.274) the MME/S4-SGSN would use the cause code "UE not responding" to indicate that the UE is not responding to the request initiated by the network, e.g. Paging. This cause code could potentially be re-used for this scenario as a UE in PSM is not responsive for paging. 
However, re-using the cause code would impact existing logic and statistics in the network and it is not clear in whether it is to be regarded as a temporary failure or a permanent failure. 

The SGW may clear the buffer and trigger new DDN procedure again upon receiving further DL data. The subsequent DDN will be mostly rejected as long as UE is in power saving mode. 

For such scenario, unnecessary S11/S4 signalling should be avoided, in addition.

2.2. UE requesting periodic update timer
The 23.682 CR [2] states:
“When the UE wants to use the PSM it shall request an Active Time value during every Attach and TAU/RAU procedures. 

…

In Attach and RAU/TAU procedures a PSM capable UE may request a periodic TAU/RAU Timer value suitable for the latency/responsiveness of the mobile terminated services. If the network doesn’t confirm the usage of the PSM and the UE wants therefore a different periodic TAU/RAU Timer value and for any other occasion where the UE wants a different periodic TAU/RAU Timer value, the UE requests the value it wants in the next periodic (or mobility based) TAU/RAU procedure.”

The first requirement implies that the usage of PSM is not transferred between CN nodes, and there is no requirement that the PSM is to be supported homogenously in the network i.e. different MMEs/SGSNs may have different support of PSM. 

It was discussed at SA2#99 that the above logic in the second paragraph may be unnecessary.

1. It is not clear whether the UE in the second paragraph needs to give up PSM and not request Active Time in subsequent TAU/RAU procedure even though next CN node may support PSM.

2. The UE would set the PTU/PRU timer “suitable for the latency/responsiveness of the mobile terminated services” i.e. why would that change in case the network does not confirm PSM?
3. If the network does not support UE requesting PTU/PRU timer the same value is likely provided in subsequent TAU/RAU 

4. If the network does not support PSM it would likely not support UE requesting PTU/PRU timer (separating the functionality has not been argued for)

5. If the network would support UE requesting PTU/PRU but not PSM, then 

a. If the UE initially requested a longer PTU value, why would the network give a longer value when the UE didn't include an Active Time value?

i. Network providing a shorter value likely corresponds to network requirements e.g. for restoration procedures.
b. If the UE requested a shorter value, why would network provide a shorter value when UE didn't include an Active Time value?
i. The network has likely provided a trade-off for signalling load caused by periodic TAU/RAU messages.
6. If the network supports both PSM and UE requesting PTU/PRU timer
a. The paper in [5] argued: “If the UE has decided that there is a need to apply power saving and the UE supports the Power saving state solution and intends to use it, there is no reason to reject such request as it may end up in the UE applying it without any network support and that may lead to e.g. increased usage of paging resources”. Hence, if the network supports PSM there is very little incentive to not enable PSM for the UE.
It is proposed to update the CR as follows: 
“If the UE wants a different Active Time or periodic TAU/RAU Timer value, also when not content with the values provided in the Attach or TAU/RAU Accept, the UE requests the value it wants in the next periodic (or mobility based) TAU/RAU procedure.”
3. Conclusion
We propose that SA2 discuss and consider enhancements to the UE power saving mode feature solving the issues discussed above.
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