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This paper analyzes the impact that the longer DRX would bring and propose the maximum value going forward for the future long DRX approach evaluation. 

1. Introduction

As we already discussed and captured in the TR, there are achievable gains in energy and power consumption by using longer DRX cycles. But Using cycles of maximum up to several minutes or even longer would require 3GPP functionality and applications tolerating this that would bring some extra efforts for our system design. This paper analyzes the impact that the longer DRX would bring and propose the maximum value going forward for the future long DRX approach evaluation. 
2. Discussion
2.1 NAS layer handling
The network shall initiate the paging procedure when NAS signalling message or user data is pending to be sent to the UE when no NAS signalling connection exists. After the network requests the lower layer to start paging, CN node will start the timer for this paging procedure, i.e. T3413 for MME and T3313 for SGSN. Upon timer expiry without paging response, the network may reinitiate paging. The timer value is network dependent but typically in the level no more than 10s. If the paging DRX is longer than this level and not on the right paging occasion, CN node will resend the paging message to RAN and abort on the fifth expiry of the timer. Unnecessary paging message may overload the S1/Iu/Gb interface and bring extra effort on the RAN node to handle more paging signalling.
When UE is in connected state, MME/SGSN could send the NAS message including the MM and SM to the UE. After the NAS message is sending, a corresponding timer is started to supervise the procedure. Upon timer expiry without NAS feedback, the network shall reset and restart timer and shall retransmit the NAS message. This retransmission is repeated four times, i.e. on the fifth expiry of timer, the network shall abort the procedure. Most of the NAS messages initiated by MME/SGSN follow on the above handling. Typically the EPS SM/GPRS SM message related timer is 8s and the EPS MM/GPRS MM message related timer is 6s as specified in the 24.301/24.008. If the paging DRX is longer than this level and not on the right waking up occasion, MME/SGSN node shall retransmit. Unnecessary NAS message interaction may overload the S1/Iu/Gb interface and UE would receive the same message several times.
For some specific NAS procedure, with the longer DRX/no response from the UE for a long time, it will bring extra abnormal case handling in the network side. E,g, after the fifth ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST transmission, the MME shall abort the procedure, release any resources allocated for this activation and enter the state BEARER CONTEXT INACTIVE. But later UE could still feedback the dedicate EPS bearer ACTIVATE DEDICATED EPS BEARER CONTEXT ACCEPT message to the MME.
Furthermore some procedure execution failure without UE response will cause the detach and service failure. E.g, after the fifth AUTHENTICATION REQUEST transmission, the network shall abort the authentication procedure and any ongoing EMM specific procedure and release the NAS signalling connection. The authentication abort in the attach procedure will cause UE deregistered in network side.
Observation 1: better not to set the DRX value longer than 10 seconds level to avoid the signalling retransmission and extra handing in NAS layer.
2.2 GTP-C layer handling
GTP also has the Reliable Delivery mechanism of Signalling Messages as below abstracted from the 29.274 

Reliable delivery in GTPv2 messages is accomplished by retransmission of these messages. A message shall be retransmitted if and only if a reply is expected for that message and the reply has not yet been received. There may be limits placed on the total number of retransmissions to avoid network overload.
T3-RESPONSE, shall be started when a signalling message (for which a reply is expected) is sent. A signalling message or the triggered message has probably been lost if a reply has not been received before the T3-RESPONSE timer expires. 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. 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.
29.060 handling as below
The T3-RESPONSE timer shall be started when a signalling request message (for which a response has been defined) is sent. A signalling message request or response has probably been lost if a response has not been received before the T3-RESPONSE timer expires. The request is then retransmitted if the total number of request attempts is less than N3‑REQUESTS times. The timer shall be implemented in the control plane application as well as user plane application for Echo Request / Echo Response. The wait time for a response (T3-RESPONSE timer value) and the number of retries (N3-REQUESTS) shall be configurable per procedure. The total wait time shall be shorter than the MS wait time between retries of Attach and RA Update messages.
The T3-RESPONSE timer is implementation dependent but typically in the level no more than 10s. After the GTP-C message received by MME/SGSN, If the paging DRX is longer than this level and not on the right waking occasion, CN node shall retransmit because UE does not receive the corresponding message and no way for the MME/SGSN feedback the response message. Unnecessary GTP-C message interaction may cause the network overload.
Furthermore the procedure execution failure without response due to no UE response will cause unnecessary abnormal case handling. If the CN node is not successful with the transfer of a signalling message, e.g. a Create Bearer Request message, it shall inform the upper layer of the unsuccessful transfer so that the controlling upper entity may take the necessary measures. 
Observation 2: better not to set the DRX value longer than 10 seconds level to avoid the signalling retransmission and extra handing in GTP layer.
2.3 Impact on mobility
Currently, RRM requirements in RAN are following DRX cycles, i.e. Radio link monitoring (evaluation period) and LTE frequency measures (measurement period and cell identification period) are related with the specific DRX value. 
If extended DRX cycle is used, evaluation period will be extended accordingly. For stationary MTC devices, in theory, it is possible to relax the current requirements on radio link monitoring to some extent. However, in order to make sure that the stationary MTC devices could still monitor the radio link quality and react to the radio environment change in time, to what extent the current requirements could be relaxed and how long the DRX cycle could be extended should be carefully evaluated by RAN. The trade-off between UE power saving and radio link reliability should be considered there. 
If extended DRX cycle is used, the cell identification period and measurement period will be extended accordingly as well. Again, RAN should consider the trade-off between UE power saving and mobility robustness, and decide to what extent the current requirements could be relaxed and how long the DRX cycle could be extended.

If the radio link reliability and measurement is still needed to have mobility support in some level, the long DRX value setting does not make sense because the UE has to wake up in a short period to monitor the radio link and detect/identify the cell information. How long the DRX cycle could be extended could be evaluated further by RAN working group.
Furthermore, with the longer DRX setting, UE could move to another area without the RAU/TAU signalling triggered because the UE does not wake up to detect the cell change. The MT/paging message will still go to the previous area causing the S1/Iu signalling interaction and paging resource waste in the air.  

Observation 3: to keep the radio link reliability and frequency measurement for mobility robustness, longer DRX does not make sense.
2.4 Impacts on up layer application

Currently, MTC devices and smart phone usually use TCP protocol for IP based service that is connection-oriented for traffic data delivery. 

The TCP connection establishment, TCP packet transmission/retransmission, and TCP keeping alive needs some round trip interaction for the successful data transfer and TCP status synchronization/establishment. With the longer DRX setting, besides the DL packets storing increase in ENB and S-GW, the TCP connection will be terminated or not established more frequently as the UE might be in long DRX sleep status and no any feedback from UE in TCP layer. It will introduce extra handling with the application and more error handling needed. The unnecessary downlink packet retransmission also causes the resource waste both in the CN and air.

2.5 Impact on SFN Range
In current specification, the SFN range is from 0 to 1023, to express 0~10240ms. And the max DRX cycle is restricted to be less than or equal to 10240ms.

If the extended DRX cycle is longer than the value that System Frame Number currently allows, i.e. 10.24s, then the current SFN space have to be increased, which would cause big impact to the related procedures, e.g. the paging procedure, the system information update procedure, the DRX operation procedure for connected mode UEs. The impact of change the SFN space could be evaluated further by RAN working group.

Observation 4: the longer DRX setting, e.g. larger than 10.24s will bring extra efforts to extend the current SFN space.
2.6 Usage Scenario for long DRX
1. UE still has the MT service with infrequent data transmission
For this scenario, in theory there are achievable gains in energy and power consumption by using idle mode longer DRX cycles. The idle mode long drx is more suitable to infrequent data transmission with MT support. But as analyzed as above, if the DRX value is set longer than the 10 seconds level, it will bring extra efforts on the system to handle the case that the UE might feedback later than expected for the existing handling. The more reasonable way is to set the maximum DRX value as 10 seconds level for this scenario. Regarding the mobility support, need to consider the trade-off between the power consumption and Mobility performance degradation and better to apply to the device with Stationary or Low mobility.
2. UE does not have MT service with infrequent data transmission.
No reachability functionality is needed and basically UE could initiate the service access when needed at any time. For this scenario, no need to introduce the long DRX mechanism considering the complexity analyzed as above. The solution that UE moves to a dormant state after the communication, e.g. UE power saving state or UE detached state is more efficient.
3. Frequent data transmission
For this scenario, in theory there are achievable gains in energy and power consumption by using connected mode longer DRX cycles. But as analyzed as above, if the DRX value is set longer than the 10 seconds level, it will bring extra efforts on the system to handle the case that the UE might feedback later than expected for the existing handling. The more reasonable way is to set the maximum DRX value as 10 seconds level for this scenario. Regarding the mobility support, need to consider the trade-off between the power consumption and Mobility performance degradation and better to apply to the device with Stationary or Low velocity.
3
Conclusion

Based on the above analysis, it is proposed to add the evaluation parts as below.
Proposed changes

7.1.3.1
Solution : Extended DRX in idle mode
7.1.3.1.1
General

The solution described in this clause addresses the Key issue “UE Power Consumption Optimizations”.
The characteristics of the solution is that the Maximum DRX cycles in idle mode are possibly extended with longer values allowing the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. When this solution is used, paging transmission period is also adjusted based on the extended DRX cycle applied to the UE.

Extended DRX cycles are enabled in UTRAN/E-UTRAN by providing the parameters for extended DRX in NAS. The current DRX parameters from UE to network in TS 24.008 10.5.5.6 are extended in a backward compatible way to ensure that normal UE(s), i.e. UEs not requiring low power consumption, are not impacted. For enabling the extended DRX cycle in UTRAN/E-UTRAN, UE and network should exchange their support for the extended DRX (either by an explicit capability indication or implicitly when requesting the extended DRX cycle value). In this procedure, the availability of extended DRX for the UE should be decided in consideration of the UE’s capability, the network condition (e.g., ISR activation), as well as the support of extended DRX of the RAN nodes within an area served by the core network node (e.g., TAs or MME pool area). This is because the UE can travel through several RAN nodes without performing location update, even when some part of RAN nodes do not support the extended DRX (e.g., legacy E-UTRAN nodes in TA or legacy UTRAN nodes in the ISR activated case). The support of extended DRX of the RAN nodes could be informed to the MME by using S1/Iu signalling, OA&M method, or manual configuration. If supported, the UE can request the configuration use of the extended DRX cycle at any time, by using a NAS procedure.
NOTE1:
If the DRX cycles are to be extended longer than the System Frame Number currently allows then 3GPP RAN WGs would need to look into extensions of the time allowed by the SFN. 

For E-UTRAN, the MME needs to indicate eNB to adopt the UE specific DRX value in the paging message rather than the shortest one of the UE specific DRX value and a default DRX value broadcast in system information. After UE reports the extended DRX value in the NAS, the UE also ignores the default value broadcasted in the system information and adopt the reported one.

In GERAN longer paging transmission periods are enabled by in extending the parameter “BS-PA-MFRMS” (see 3GPP TS 44.018 chapter 10.5.2.11). The extension could be done e.g. by multiplying the BS-PA-MFRMS parameter with a given value used as a paging multiplier factor. This factor should then be communicated between UE and CN and then from CN to GERAN e.g. by adding the multiplier factor to the paging message. 

Paging timers and paging repetition in MSC/SGSN/MME are accommodated to cater for the extended DRX cycle. 

In addition, network could notify that the UE should alternate the extended DRX cycle (value specified in the NAS parameter for extended DRX) with one or several normal DRX cycle(s) (value of the DRX parameter multiplied by “1”). Such notification could be sent to the UE in a NAS message e.g. the Attach Accept / TAU Accept.

NOTE2:
The need for alternating the DRX cycle would depend on 3GPP RAN WGs analysis of how to limit the risk of UE missing a paging due to the DRX cycle been extended to a long value. 

Paging re-transmission timers in the MSC/SGSN/MME should be adapted to fit in the needs of the extended DRX cycle and normal DRX cycle.
The used DRX value needs to be known by the UE, RAN and MME/SGSN.

NOTE3:
3GPP RAN WGs need to evaluate how the UE wakes up from extended DRX cycle and ensure that paging loss is minimized.
Considering that the CN may be impacted it is reasonable that CN should be able to override UE provided DRX values that are longer then currently supported values.
NOTE4:
The decision for UE initiating low power consumption mode may be based on the UE configuration by the network or UE implementation.
Without adjusting the re-transmission timers on higher layers, longer DRX cycle maximum up to several minutes may impact the reachability of the UE that would bring unnecessary overhead to the network, e.g., paging and GTP message retransmission, abnormal case handling without the feedback response in the expected time duration. 
Editor’s Note: It is FFS which maximum/reasonable DRX value that should be possible to select, e.g. aspects like re-transmission timers on higher layers needs to be considered.
7.1.3.1.2
Impacts on existing nodes and functionality

Impacts on SGSN/MME/MSC:

-
Support NAS-protocol extensions to enable extended DRX cycles. Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.

-
Paging re-transmission timer in the MSC/SGSN/MME should be adapted to fit in the needs of the extended DRX cycle and normal DRX cycle.

-
Support notifying the UE that it should alternate the extended DRX cycle with 1 or more normal DRX cycles.

-
The SGW buffer size is not proposed to be impacted, i.e. additional DL packets beyond the buffer size would be dropped. Though, it should not be any problem as it is not expected that large number of DL packets would be received without any UL packets sent from the UE as long as the DRX value is set to a value which limits any re-transmissions from higher layers.
Impacts on UE:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles
-
Support NAS-protocol extensions to enable extended DRX cycles. Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.

-
Support alternating the extended DRX cycle with the normal DRX cycles.

Impacts on E-UTRAN/UTRAN:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles

-
Modified handling of paging requests to accommodate the extended DRX cycle along with the normal DRX cycle. Also it may need to contain expanded buffers in order to buffer the paging requests received from the core network during the extended DRX cycle period.

-
May need to indicate its support for extended DRX to the core network nodes.
Impacts on GERAN:

-
Support GERAN protocol extensions to enable negotiation of extended paging cycles
7.1.3.1.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
There are achievable gains in energy and power consumption by using longer DRX cycles in idle mode. Using cycles of maximum up to several minutes would however require applications that can tolerate this.
The idle mode long DRX is more suitable to infrequent data transmission where the UE needs to be reachable for downlink initiated transactions like signalling or data transfers. 
Overall gains are more achievable for the device with stationary or low mobility considering the trade-off between the power consumption and Mobility performance degradation. 
 The maximum value setting for DRX needs to consider the impacts on 3GPP and user/application protocols.

Further evaluation of this solution should be done by RAN.
Next changes

7.1.3.6
Solution: Long DRX cycles in connected mode

7.1.3.6.1
General

The solution described in this clause addresses the key issue “UE Power Consumption Optimizations.”

Allowing for longer DRX cycles in connected mode allows the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption. This is especially useful for MTC use cases where the terminal has only infrequent data to send or receive and it is silent in between, e.g. for sensor types of devices. From AS point of view it is possible to define connected mode DRX periods as long as several minutes. The caused impacts on NAS layer, other services and user plane need separate consideration. Also 3GPP offered services like location interrogation or mobile terminated SMS likely experience protocol time-outs before any successful service operation. For many application and transport protocols a maximum of very few tens of seconds may be assumed as otherwise those protocols may start already with repetitions and error handling for any downlink initiated actions due to the high latency caused by a long DRX cycles. From application level perspective such long DRX cycle (longer than a few tens of seconds) are mainly suitable for applications with only mobile originated transactions or for applications that have been adapted to be delay tolerant. The handling of any NAS and other 3GPP services requires specific adjustments, which are FFS.

Long DRX cycles in connected mode are enabled in UTRAN/E-UTRAN by providing new values and/or parameters for long DRX cycles in RRC/MAC in a backwards compatible way. That is, UEs not requiring low power consumption are not impacted.

This solution assumes the long DRX cycle value is selected locally in the UTRAN/E-UTRAN, but RAN would need to evaluate whether there is a need to standardise some additional means as outlined in solutions described in sub-clause 7.1.3.7.

When applying a longer DRX cycle value, the inactivity timer for releasing the RRC connection should be adjusted accordingly.
NOTE1:
The need for modifying mobility measurement procedures and core network mobility handling during long connected mode DRX cycles would depend on 3GPP RAN WGs analysis on the topic. 
NOTE2:
There can be also other RAN level mechanisms, which allow the UEs to switch off reception for a longer time, while they are in the connected mode, e.g., by extending the paging cycle length in UTRAN URA/CELL_PCH (or a in a similar new state in E-UTRAN). The impacts on the core network, presented in this sub-section, are applicable also to these alternatives. 
Editor’s Note:
How to achieve overload control when applying long DRX cycles in connected mode is FFS e.g. RAN barring mechanisms are only applied in idle mode.
Without adjusting the re-transmission timers on higher layers, Longer DRX cycle maximum up to several minutes may impact the reachability of the UE that would bring unnecessary overhead to the network, e.g., NAS and GTP message retransmission, abnormal case handling without the feedback response in the expected time duration.

Editor’s Note: It is FFS which maximum/reasonable DRX value that should be possible to select, e.g. aspects like re-transmission timers on higher layers needs to be considered.
7.1.3.6.2
Impacts on existing nodes and functionality

The system impact is focused on the RAN (i.e. including the UE on Access Stratum layer), e.g. RAN need to ensure that UE gets aware of SIB changes etc. 

The CN impacts may be:

-
depending on which mechanisms to use in configuring the long DRX setting e.g. for certain types of UEs;

-
if connected mode DRX periods should become longer than NAS and 3GPP feature procedure timers then  NAS protocols, 3GPP feature specific protocol (e.g. location query) and also SMS related protocols need to be changed

-
a high user plane latency is introduced for downlink initiated transfers, 
-
In case the solution is applied to mobile UEs the amount of S1 error handling or NAS recovery procedures will increase. 

The RAN impacts may be:

-
depending on which mechanisms to use it requires some signalling of long DRX settings e.g. for certain types of UEs;
-
the number of UEs that are kept in connected mode increases, the eNB has to keep more contexts

-
a longer time-to-live for downlink UP and CP data units in RAN may require adjustments for buffer handling; specific actions may be required for interaction with NAS or other higher layer procedures (e.g. the eNB may have to release the S1 connection at time-to-live expiry to inform the CN that the UE is not reachable and the CN can fall back to idle mode handling), the specific handling is FFS

-
In case the solution is applied to mobile UEs the amount of S1 error handling or NAS recovery procedures will increase.

The 3GPP RAN WGs would need to evaluate the current procedures to see if there is impact on core network.
7.1.3.6.3
Solution evaluation

There are achievable gains in energy and power consumption by using longer DRX cycles. Using cycles of maximum up to several minutes would however reduce responsiveness of low mobility MTC devices and will require applications that can tolerate this.
Overall gains are achievable for stationary UEs. Moving UEs cause more error handling procedures and overhead with this approach or have to change to idle mode and can therefore not gain from the long DRX cycles in connected mode solution. The solution may be used only for stationary UEs because mobile UEs either cause considerable S1 error handling / S1 recovery overhead or would need to leave the connected mode with causing extra signalling for synchronising this with the network.
Keeping the UE for a long time in connected mode would decrease the signalling load for stationary UEs, but it would increase the memory usage in eNB (i.e. for keeping UE context and for storing DL packets including MT-SMS). Further it increases the probability of S1 error handling / S1 recovery procedures, and thereby causes additional signalling load and power consumption for UE and network. Major adjustments may be needed in RAN and CN when the DRX cycle becomes longer than the timers of the NAS or SMS procedures.

Connected mode DRX cycles of a few tens of seconds might be feasible without major impacts on 3GPP and user/application protocols. It is FFS how much the gains would be with DRX values of a few ten of seconds, specifically in comparison to long idle mode DRX.

Further evaluation of this solution should be done by RAN.
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