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1. Background
For the key issue 7.1, UE Power Consumption Optimizations, in TR 23.887, it was concluded at SA2#98:

1. “It is recommended to adopt for Rel-12 longer DRX cycles within the limits that do not cause major impacts on system signalling, e.g. due to systematic increase of UE unreachable conditions, or major impact on system functionality like SMS infrastructure. Specific values for the limits may be determined by RAN together with CT groups.

2. Depending on RAN and CT findings longer DRX cycles may be considered by SA2.

3. Further it is recommended to adopt the "power saving state" solution for Rel-12.”. 
SA2 sent an LS (S2-133078) asking CT1 and CT4 to evaluate the feasibility of extending DRX cycle values beyond DRX cycle values which would impact CN functionality such as re-transmission functionality. 
At last CT1/CT4 meeting, CT1 replied in LS C1-133499 that:

“CT1 would like to inform that sufficient analysis to provide the needed feedback to SA2 has not yet been done in CT1. CT1 intends to address and further discuss the topic and will provide feedback as soon as possible.”

And CT4 replied in S2-133171/C4-131324 that:

“CT4 have discussed briefly the considerations brought up by SA2 regarding the extension of the DRX cycle, and their potential implications on Core Network nodes, but a more extensive analysis is planned for the next CT4 meeting (CT4#62-BIS).

This paper is discussing potential impacts on the network procedure after introducing extended DRX cycle and UE power saving state, with the focus on the GTP impact. 
2. Discussion
2.1. Requirement analysis
2.1.1 Longer DRX cycle
From [1], chapter 7.1.3.1, the following requirements can be extracted:

1. If UE supports extended DRX cycle and it will indicate it to the MME/SGSN.
2. If eNB supports extended DRX, it will indicate to the MME/SGSN in the S1 Setup message.
3. UE may change DRX value at mobility procedure and the MME/SGSN will confirm the used DRX value.
NOTE: According to LS from RAN2 R2-133034, the extended DRX cycle should be limited up to 10.24seconds.
2.1.2 UE Power saving state 
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 longer DRX cycle and UE power saving state is fully controlled by the MME/SGSN.
2.2 NAS impact
From NAS point of view, the most important impact is about paging procedure, which is controlled by a paging timer T3413/T3313 which is pure network dependent. (See 3GPP TS 24.301 & 3GPP TS 24.008) 

For extended DRX cycle, as it is limited to up to 10.24s and this should be in the range of T3413/T3313, and the MME/SGSN is aware of what DRX value used by the UE, so the MME/SGSN can easily adapt the setting of these timers.
For UE power saving state, as the MME/SGSN is aware of when UE is reachable, in case UE is in power saving state, the MME/SGSN can simply reject any upstream procedures that lead the paging request towards UE.

2.3 GTP impact
2.3.1 Analysis on introduction of longer DRX cycle

As specified in the chapter 7.6 Reliable Delivery of Signalling Messages in TS 29.274, for GTP protcedure:
“A timer, denoted T3-RESPONSE, shall be started when a signalling message (for which a reply is expected) is sent. …  

Once the T3-RESPONSE timer expires, the message corresponding to the T3-RESPONSE timer is then retransmitted if the total number of retry attempts is less than N3‑REQUESTS times. The expiry of the timer for piggybacked request messages shall result in re-transmission of the original IP/UDP packet containing both the triggered response message and the piggybacked initial message. T3-RESPONSE timer and N3‑REQUESTS counter setting is implementation dependent. That is, the timers and counters may be configurable per procedure. Multileg communications (e.g. Create Session Requests and Responses) however require longer timer values and possibly a higher number of retransmission attempts compared to single leg communication.”
From above requirements, we can clearly see T3-RESPONSE timer and N3‑REQUESTS counter setting is implementation dependent. And such timers and counters may be configurable per procedure.

For the P(s)GW Initiated procedures, e.g. PGW initiated dedicated bearer creation/modification/deletion, (See the requirements in the chapter 5.4 in TS 23.401) where these procedures will trigger the MME/SGSN pages UE when UE is in Idle mode, the MME/SGSN will respond towards the PGW/SGW after the UE has responded the paging request.
Therefore when longer DRX cycle which is up to 10s is enabled, it will impact those procedures, the corresponding GTP messages are re-transmitted or even failed when N3T3 is expired, where the network may take further action leading the impact on the end user service.   
In addition, it may also impact on the Downlink Data Notification procedure when the SGW receives Downlink Data at the user plane.

There are two possible approaches to handle such problems:
1. Reject PGW initiated procedures:
As mentioned in the TR23.887, chapter 7.1.3.1, one of approach is to let MME/SGSN reject PGW initiated procedures if longer DRX timer is used.
"If the MME receives a time for next paging occurrence, the MME may use it to decide whether to reject the GTP-C message towards the PGW indicating that the UE is not reachable. As an alternative, if long DRX cycle is applied for the UE, the MME may immediately reject the GTP-C message indicating the UE is not reachable. The PGW action would then be dependent on the procedure initiated, but it would be same action as currently done after it has been determined that the UE is not reachable."
2.   Transfer the current used DRX to PGW:
Another alternative may be to transfer longer DRX timer from the MME/SGSN to the P(s)GW, so that P(s)GW can adjust the T3/N3 setting for those procedure. 
Evaluation:

For alternative 1, the pro is that there is no impact on the P(s)GW state machine for the PDN connection, the signaling messages from the P(s)GW are either accepted or rejected. However for P(s)GW initiated signaling procedures, depending on the portion of longer DRX supported UEs, it will generate extra signaling for re-trying the same procedure over GTP interfaces.
In addition, simple rejection with existing "UE not reachable" may not be good enough because the P(s)GW is difficult to decide if it should try again after some time or should report to PCRF to set relevant PCC rule inactive. When longer DRX cycle is enabled, the UE will be anyway paged, so it is possible to re-try the same procedure from the P(s)GW.
For alternative 2, this alternative may reduce GTP signaling for re-trying the same PGW initiated procedure but this alternative will reduce the signaling capacity of P(s)GW as the state machine has to keep open for a  longer time (up to the DRX cycle) until the response is received from the MME/SGSN, while total number of simultaneous GTP sessions are limited. In addition, as the DRX value can be changed by eNB, UE, at attach and any other mobility procedures, so that the update of DRX timer in the P(s)GW will generate a lot extra signaling, e.g. eNB change, PTAU, Intra MME TAU.
3. Conclusion
As above discussed, we propose to use the first alternative with the following enhancement:

1. When the longer DRX is enabled for the UE and if the MME/SGSN has received Create/Update/Delete Bearer Request message from P(s)GW, and paging has been decided to send to the UE, the MME/SGSN may reject the messages with new cause code indicating the reasoning UE not responding yet due to long DRX cycle.
2. PGW may store the updated PCC rule(s) which leads bearer signaling without informing PCRF or report to the PCRF and set the relevant PCC rule(s) inactive..
3. The PGW should re-initiate the same signaling procedure when it receives Modify Bearer Request, which are part of Service Request procedure as response to the paging. A new flag from MME/SGSN may be needed to indicate to the PGW that UE is available for network initiated signaling.
4. The PGW should implement a timer, when it expires (when UE doesn’t response the page), it should inform PCRF to set relevant PCC rule(s) inactive.  
In addition, we think this alternative is also applicable to UE Power Saving State with a few changes:

1. When UE is in Power Saving State and the MME/SGSN has received Create/Update/Delete Bearer Request message from P(s)GW, the MME/SGSN should immediately reject the messages with a new cause code indicating the reasoning UE not responding yet due to UE power saving state and a timer indicating when UE will be reachable.
2. Depends on the timer, PGW may decide to re-try the same procedure or report to the PCRF and set the relevant PCC rule(s) inactive.

3. When UE is in Power Saving State and the MME/SGSN has received Downlink Data Notification message from SGW, the MME/SGSN should immediately reject the messages with a new cause code indicating the reasoning UE not responding yet due to UE power saving state and a timer indicating when UE will be reachable.
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