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Discussion
In the LS S2-133078 SA2 asked CT1 and CT4: 
· to evaluate the solutions to extend the length of DRX cycles in RRC idle mode and in RRC connected mode with regards to the feasibility of extending DRX cycle values beyond DRX cycle values which would impact CN functionality such as re-transmission functionality and provide feedback to SA2.

CT1 summarized in C1-134490 the potential impacts on CT1 specifications to support extended DRX values in idle and connected mode e.g.:
· Impacts to GMM/EMM for providing a DRX
· Extending supervision timers e.g. via Gs/SGs (if DRX value extended beyond current timer value 20s)

· network retransmission timer values applied per UE

CT1 pointed out an increased risk of missed paging requests, increased re-transmissions and that timers are implementation dependent. 
CT4 summarized in C4-131869 the potential problems as (dependent on the DRX length):
1. GTP-C message retransmissions, which increase signalling and may cause signalling overload in the CN;

2. GTP-C procedure failure, e.g. failure of dedicated bearer creation/update by the PGW;

3. Additional Downlink data Notification/Acknowledge, depending on implementation, an SGW that receives a DDN Ack but no subsequent Modify Bearer Request for a long duration may possibly retry the sending of a DDN message.

4. Impacts to buffer size and buffering time

CT4 seems to have assumed DRX to possibly change frequently e.g. per cell or per TA as the LS indicates that adapting the P(S)GW timers depending on used DRX would increase signalling and decrease signalling capacity to an unacceptable level. 

In the LS S2-133863 SA2 asked RAN2:

· whether there is enough UE Power consumption optimization benefit to extend the DRX value range up to 10s from a RAN perspective.

· conclude whether extending the DRX beyond 10s can be supported from RAN perspective in Rel-12

· whether RAN2 sees a need to enhance the RRC system information to support the derivation of the extended DRX value.

· In case RAN2 finds that extending DRX up to 10s or longer is justified from a UE power consumption point of view and can be supported from RAN perspective in Rel-12

RAN2 replied in R2-133695 that:
“RAN2 would need to further evaluate the power consumption saving achievable with extended DRX cycles up to and beyond 10.24s. But currently RAN2 has no time budget allocated to perform this evaluation. RAN2 thinks that, considering the current workload, specifying RAN aspects for extended DRX cycle values beyond 10.24s may not be feasible in the Rel-12 timeframe.”

In the LS S2-133147 GERAN2 informed SA2:

· that increasing the paging cycle will result in a substantial decrease in the UE power consumption if the other idle mode tasks can be optimized
· paging cycle of  up to 15 sec is already supported by legacy GERAN specifications

As a conclusion it is noted that while extending DRX up to a certain DRX value is feasible within Rel-12 timeframe the benefit of it from a power consumption perspective is not clarified yet. Therefore, SA2 should conclude that solutions extending DRX is not to be progressed until the benefits have been clarified and therefore extended DRX solutions are not to be included in Rel-12. This does not preclude adopting such solutions in a subsequent release, if the problems highlighted by CT1 and CT4 are addressed.
Proposal

It is proposed to update the TR 23.887 v1.3.0 as follows:

************* First Change *******************

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 that increase the time period between the paging transmission opportunities, allowing the UE to save battery given that waking up and monitoring for a potential paging message is one major power consuming functionality..

Extended DRX cycle is enabled in GERAN/UTRAN/E-UTRAN by providing the relevant parameters for extended DRX in NAS. The current DRX parameters sent from UE to network and specified in TS 24.008 10.5.5.6 are extended in a backward compatible way to ensure that legacy UE(s), and. UEs not requiring low power consumption, are not impacted. For enabling the extended DRX cycle in GERAN/UTRAN/E-UTRAN: 

-
(option A) on one hand the RAN would broadcast the default extended DRX cycle value via system information to indicate the network capability of supporting extended DRX, on the other hand UE should inform the network its desire using of extended DRX by the explicit indicator and its expected specific extended DRX cycle value if necessary. 

-
(option B) the UE should inform the network its desire using of extended DRX by including its preferred extended DRX cycle value in NAS.

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). 

(option A) If UE moves to a new cell and does not receive the extended DRX cycle value in system information, it knows that this new cell cannot support the extended DRX. (option B) If UE moves to a new cell in a new TA/RA and does not receive the extended DRX in the TAU accept, it knows the TA/RA cannot support the extended DRX. Even though this UE has the capability of the extended DRX it will only use the normal DRX cycle until it receives extended DRX cycle value in a subsequent TAU/RAU procedure. 

The value of the default extended DRX cycle applied in the RAN nodes could be informed to the MME/SGSN by using S1/Iu/Gb signalling, OA&M method, or manual configuration. If supported, the UE can indicate the desire to use the extended DRX cycle at any time, when performing a NAS procedure such as Attach or TA/RA update. For option A the UE does this only if the cell has the capability to support extended long DRX (known by broadcast system information).
For UTRAN and E-UTRAN, if the DRX cycle is longer than the System Frame, then the UE and the network should be synchronised so that the UE can differentiate between the System Frames with no paging occasion (dormant System Frames) and the ones with paging occasion (active System Frames).

NOTE 1:
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 to the eNB the UE's desire to use extended DRX cycle in the S1AP Paging message. (option A) If the received UE specific extended DRX value from UE is less than the default extended DRX value, the MME should also include the UE specific extended DRX value in the paging message. When MME initiates the paging procedure it determines which paging parameters to send to eNBs since it knows the eNBs' capability and the UE desire. (option A) The MME sends paging to the eNB supporting longer DRX with UE desire indication and the UE specific longer DRX if necessary. (option B) The MME includes the extended DRX value that is stored in the context for this UE.  


After the UE has determined that the extended DRX value is supported, the UE ignores the default normal DRX value broadcast in the system information. (option A) The eNB and UE both use the smaller one of the UE specific extended DRX value and a default extended DRX value broadcast in system information for paging monitoring. (option B) The eNB and UE both use the extended DRX value provided by the MME as described above.

The Figure 7.1.3.1.1-1 illustrates the basic procedure in E-UTRAN.
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Figure 7.1.3.1.1-1: Procedure of extended DRX determination in E-UTRAN

In GERAN longer paging cycles are enabled by 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 SGSN/MSC and then from SGSN/MSC to BSS 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.

NOTE 2:
The need for alternating the DRX cycle would depend on 3GPP GERAN and 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 cycle value needs to be known by the UE, GERAN/RAN and MSC/MME/SGSN.

NOTE 3:
3GPP GERAN/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.

NOTE 4:
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.

When a long DRX cycle is used, then re-transmission on higher layers needs to be considered and minimized. Normally network initiated NAS messages are sent while UE is in connected mode and therefore there is for the far most cases no need to adapt any NAS re-transmission timers in the CN (except for paging repetition). However, in case there is a need to page the UE to initiate a NAS procedure e.g. GUTI or P-TMSI Reallocation procedure then the NAS retransmission timers for network initiated (E)MM procedures and (E)SM procedures are adjusted based on DRX value for values larger than the currently defined value in TS 24.008/24.301. 

The adjustment should be performed for each NAS retransmission timer value as:

- If DRX value is larger than the default value, then the NAS retransmission timer value is adjusted to the DRX value.

NOTE 5: Which re-transmission value to use would be a stage 3 decision.

For GTP-C messages initiated by the PGW, if the procedure requires the MME to page the UE, the MME may request one eNB to return the time for the next paging occurrence if paging is delayed. 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.

NOTE 6: GERAN/RAN need to evaluate whether it is possible to support the function for having the MSC/SGSN/MME to request for the next paging occurrence as it would require some time synchronization of cells.

To be able to handle DL UP data, it is also recommended to make use of an adapted application which is able to handle high latency communication and to use IP/UDP instead of TCP. 

For MT SMS, if the MME has adapted to a longer paging re-transmission for the UE (due to long DRX cycle applied) the MME may request the eNB to return the time for the next paging occurrence if paging is delayed. If the MME receives a time for next paging occurrence, the MME may use it to decide whether to indicate towards the SMS Infrastructure that the UE is unreachable and set the URRP flag (this will avoid any need to adapt re-transmission timers towards SMS Infrastructure). The UE would then be reachable when it next time invokes some activity e.g. initiates MO data or performs a periodic TA update (i.e. the UE activity interval may then set the latency requirement for MT communication). In addition, to avoid CP-layer re-transmissions of CP-DATA, the RAN could keep UEs configured for using long DRX in idle mode in RRC connected mode long enough to allow a network stored MT SMS to be received by the UE. As an optimization, when the URRP flag is set the MME could provide an indication to the eNB (via S1) that the eNB should keep the UE long enough in RRC connected mode to allow a network stored MT SMS to be received by the UE.

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. 

-
(Option B) 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. 

-
(Option A) Support indicating to the eNB the UE's desire to use extended DRX cycle on Paging.

-
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. In addition, the SGW keep a DL packet until the user plane bearer has been established or until the MME has replied to the Downlink Data Notification message with a Downlink Data Notification Reject. However, the buffer logic is implementation specific and some implementations may buffer a packet only during a certain time, and may then drop the packet or retransmit the DDN message to the MME.
-
For MT SMS, when the URRP flag is set the CN potentially provides an indication to the RAN that the RAN should keep the UE slightly longer in RRC connected mode.
-
Potentially introduce network retransmission timer values applied per UE
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.

-
Support indicating its support for extended DRX to the core network nodes.

-
Keeps UEs configured for using long DRX in idle mode in RRC connected mode long enough to allow a network stored MT SMS (potentially dependent on CN indication) to be received by the UE.

-
(Option A) Support indicating its capability for extended DRX in the air interface.

Impacts on GERAN:

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

NOTE:  Which parameters are required to determine DRX e.g. broadcast and/or NAS and/or network parameters for this solution is dependent on RAN input.

7.1.3.1.3
Solution evaluation

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 (compared to e.g. connected mode long DRX solution) 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. There may be an increase of GTP-C message retransmissions, GTP-C procedure failure and an Additional Downlink data Notification/Acknowledge exchange unless means are developed to avoid it.
Increasing DRX values may impact paging failure rate and increase paging re-transmissions, unless means to provide reliable paging is developed.
Further evaluation of this solution should be done by RAN.
************* Next Change *******************

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 clause 7.1.3.7.

When applying a longer DRX cycle value, the inactivity timer for releasing the RRC connection should be adjusted accordingly.
NOTE 1:
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.

NOTE 2:
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 clause, 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.
NOTE:
In connected mode there are various applicable NAS retransmission timers with values ranging from 6-8s. Messages are retransmitted 5 times before procedure failure. It can thus be expected that the number of retransmissions in connected mode will increase if connected mode DRX cycle is extended beyond 6s, and procedure failures will increase if connected mode DRX cycle is extended beyond 30s for current NAS implementations.
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.

************* Next Change *******************

7.1.4
Overall evaluation

7.1.4.1
Introduction

The solutions related to UEPCOP evaluated in the present document, all implies an additional (compared to expected latency in current deployed networks) delay in MT communication which makes them less suitable for scenarios with applications that are not expecting higher latency. For MT communication, a communication mechanism able to handle higher latency should be used. Examples of such communication mechanisms are SMS (e.g. using 3GPP device triggering) or IP/UDP (potentially with additional dedicated application support for latency tolerant communication).

Before a normative phase can be initiated the solutions with RAN/GERAN impacts needs to be evaluated by RAN/GERAN working groups. Also, while evaluating the solutions it needs to be clear for which interval between activity and/or latency requirements each solution is applicable to. The following table shows the applicability of the solutions, i.e. which solutions impact RAN/GERAN (i.e. solutions not impacting RAN/GERAN can be progressed without RAN/GERAN evaluation) and for which packet data Inter Arrival Time intervals and latency requirements they are applicable to.

Editor's Note: The boundaries between the intervals (i.e. Short, Medium, Long and Very long) is FFS.

Table 7.1.4-1: Solutions applicability

	Solution Chapter
	Solution Title
	RAN/GERAN impact (Yes, No)
	Interval between activity and/or 
Latency requirement 
(Short, Medium, Long, Very long)

	7.1.3.1
	Extended DRX in idle mode
	Yes
	Short, Medium, Long

NOTE 3

	7.1.3.2
	Extending DRX using UE Assistance Information
	Yes
	Dependent on DRX solutions

	7.1.3.3
	Power Saving State for Devices
	No

NOTE 1
	Medium, Long, Very long

	7.1.3.4.3.1
	Attach/detach using existing procedures
	No
	Medium, Long, Very long

	7.1.3.4.3.2
	Network Assisted Power Saving
	No
	Medium, Long, Very long

	7.1.3.4.3.3
	Keeping UEs in detached state when not communicating
	No
	Medium, Long, Very long

	7.1.3.5
	Transmission delay until better coverage conditions
	Not Viable for GERAN

No RAN impact

NOTE 2
	Short, Medium, Long, Very long

(Only for UL data)

	7.1.3.6
	Long DRX cycles in connected mode
	Yes (not applicable for GERAN)
	Short, Long

NOTE 3

	7.1.3.7
	Factors for determining extended DRX
	Yes
	Dependent on DRX solutions

	NOTE 1: The SA2 assumption is that the solution does not have any RAN/GERAN impacts, but RAN2 declared in the LS S2-132013 that "RAN2 did not have time to consider this solution so far and plans to perform the evaluation in future meetings" i.e. the solution may need to be marked as pending RAN/GERAN evaluation.

NOTE 2: The solution was assumed to have RAN/GERAN impacts by SA2, but GERAN (in S2-131661) stated "This solution is not viable from GERAN point of view" and RAN2 (in S2-132013) stated "Transmission delay until better coverage conditions' solution does not need further evaluation as no RAN specification impacts are foreseen".

NOTE 3: Which interval between activity and/or Latency requirement the solution would be applicable for is dependent on the DRX cycle intervals possible and therefore dependent on RAN/GERAN. Additional functionality is required for longer DRX cycles which goes beyond timers used within higher layers (see description of each solution).



The table 7.1.4-1 is used in the following sub-clauses to further compare and evaluate solutions addressing similar interval between activity and/or Latency requirements. Also, considerations are to be taken whether any of the solutions is able to address both Short and Long Packet Data Inter Arrival Time and/or Latency requirements i.e. being a generic solution.
The power saving state solution does not address the whole range of application characteristics that can benefit from UE power optimizations, but has limited impacts to the system.
The extended DRX solutions have the possibility to address all ranges of application characteristics that can benefit from UE power optimizations, but have larger impacts to the system. Extending DRX values beyond approximately 10s will require CN adaptations e.g. to limit additional signalling load due to re-transmissions. It is still unclear how the power consumption is impacted by extending DRX values up to 10s, which would need to be clarified by RAN WGs and up to 15s that needs to be evaluated by GERAN WGs.

************* Next Change *******************

9.4
Key issue 7.1



It is recommended to adopt the "power saving state" solution for Rel-12 with the exception of the following aspects:

· Without any SCS interactions towards the MNO (e.g. HSS to application signalling); 

· Without any UE subscription control (i.e. HSS interactions to enable/disable power saving mode per UE); and

· Without MME/SGSN including the remaining time period of the active timer in the paging message.

************* End of Changes *******************

3GPP

SA WG2 TD


