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1 Introduction

The Rel-13 RAN enhancements for extended DRX ,eDRX, in LTE WI [1]

 REF _Ref419025190 \r \h 
[2] is created to "identify the RAN impacts of extending the DRX cycle for idle mode and perform the corresponding specification work on layer2/3 protocols". This WI aims to continue part of the UE power consumptions optimizations (UEPCOP) work started within Rel-12 RAN aspects of Machine-Type and other Mobile Data Applications Communications Enhancements WI (MTCe) [3]-[5]. The foreseen impacts of extended DRX cycle solution in idle mode (I-eDRX) were captured in the Rel-12 RAN TR 37.869 [5] and shown, for further reference, in Annex A. The power consumption performance evaluation for I-eDRX solution with a proposal to agree on increasing the DRX cycle values above 20.48sec is provided in [6]. This paper discusses the RAN impacts and potential solutions needed in order to support I-eDRX above 20.48sec; for simplicity, the identified impacts from Rel-12 discussion, as shown in Annex A, are combined in three areas to be addressed:
1. Paging mechanism (i.e. PO/PF calculation, UE/NW synchronization, paging reachability delay, paging retransmission and reliability of paging reception).

2. Cell re-selection, system information and RRM requirements.

3. I-eDRX support and configuration.

We focus this first discussion on the points 1 and 2 above, aiming to progress on the aspects that might be more controversial i.e. I-eDRX support and configuration topics are not addressed. In addition, this discussion and proposals target to also provide the information needed for RAN2 to reply to SA2 LS [7] on the related identified issues.
Issue 1. " Given a maximum response time desired by UE/applications, how to derive the eDRX value taking RAN/GERAN aspects into account (e.g. possible paging misses due to lack of SFN or frame timing alignment between cells, etc.).

Issue 2. How to maintain level of reliability for UE being able to receive the paging at its paging occasion similar to paging reliability for normal DRX, even when UE has performed cell reselection.

Issue 3. Impact on idle mode UE measurement and cell reselection."
2 Discussion
I-eDRX: paging mechanism
This section discusses the paging mechanism impacts to enable I-eDRX above 10.24sec: firstly, different approaches to enable the I-eDRX solution in RAN side are presented, secondly the robustness/reliability issue of having only one PF/PO every I-eDRX cycle is tackled and lastly, the handling of the paging retransmission is discussed. 
There is an SA2 Rel-13 study item [8] on Optimizations to Support High Latency Communications (HLcomm) wherein the main objective is to investigate " possible enhancements for applications that communicate with devices that are not reachable for a long period over the 3GPP IP connectivity and being able to support large number of such devices in the system without negatively affecting the system performance". The output work of this study can be found in the TR 23.709 [9] which includes the agreed conclusions [10], copied below for reference, and proposes to also move to a normative phase:
· "Extended buffering in the SGW based on solution 2 clause 5.2 is used to handle high latency communication to devices using power saving functions e.g. eDRX and PSM.
· MONTE event notifications to notify an AS/SCS when downlink data can be sent to a UE that uses power saving functions e.g. PSM or eDRX, based on:

· solution 3 clause 5.3 using a ‘UE Reachability’ one-time event shall be specified; and

· solution 4 clause 5.4 sending notifications triggered by DDN shall be specified.

· The Extended buffering in the SGW/SGSN and the MONTE based notifications shall apply to E-UTRAN, UTRAN and GERAN.

· Coordination of maximum latency between the application and the network is handled either by interaction between the application in the UE with the UE NAS layer according to solution 7 clause 5.7, or through the parameter on Maximum latency in monitoring event configuration from SCS/AS to SCEF according to TR 23.789, clause 5, describing specific parameters for the UE Reachability event."
Therefore it may be important for RAN2 to also considerthe above SA2 conclusions while choosing the preferred approach to define I-eDRX solution within RAN specifications. 
For the impact on the paging (PF/PO) calculation, as the maximum SFN value (e.g. 10.24sec for LTE) is above legacy maximum DRX cycle. The values of the DRX cycle could easily be extended up to that value i.e. 10.24. However for I-eDRX values above this value, a different approach needs to be considered, some of which are described below and also depicted in Figure 1.
Approach 1. Extending SFN range of values. This could be enabled with some of the unused bits in MIB or even in SIB1.The main impact is on the RAN side i.e. paging (PO/PF) calculation in UE and eNB side. On the other hand, as the PO/PF time locations for a mobile UE might vary between eNBs, there will be synchronization issues, increased power consumption and extended delays.
Approach 2. Multiplication factor on top of legacy PF/SFN concept. This approach has similar effect as approach 1 described above, with the slight difference that I-eDRX is enabled by a multiplication factor concept, symbolized in Figure 1 by [1..N] 'full SFN cycle', that is handled on top of legacy PF/SFN mechanism. For example, assuming a multiplication factor of 'N', after entering into I-eDRX, the UE wakes up for its next legacy PF/PO after N times of the maximum SFN (e.g. N*10.24sec for LTE). This approach would allow the UE and eNB not to change legacy paging DRX cycle to calculate its PF/PO although the UE and the network, i.e. eNB or MME or other CN/3rd party node, need to keep track of this multiplication factor as well as some kind of I-eDRX related timer in order to know in which 'full SFN cycle' the UE expects to be potentially paged. 
Approach 3. Time reference based (without legacy PF/SFN concept). The main advantage of defining a time reference is the usage of a common time across all nodes (i.e. within 3GPP nodes as well as 3rd party ones), which could help addressing some of the HLcom aspects. In this approach, the time reference is used to trigger the UE paging occasion; therefore legacy paging calculation concept, i.e. PO/PF based on UE ID, would not be applicable and would mainly depend on the time reference. This time reference might be based on UTC time, which is currently shared in SIB16, or based on a triggered event such as the reception/transmission of certain message e.g. RRC/NAS procedure. The main disadvantage of this approach is losing the capability to use legacy paging calculation to define a mechanism to control the allocation of UEs within different PF/POs.
Approach 4. Time reference based with legacy PF/SFN concept. This approach combines the main ideas of proposals 2 and 3, allowing the usage of a common time reference across different network notes to determine when the UE will wake up for it next PO, shown in Figure 1 as T1 andT2.. After those instants, the PF/PO is calculated based on legacy SFN. In this approach, eNB can be agnostic to I-eDRX and CN/3rd party server could keep track to send the S1-AP paging message to eNB just before the UE would check its PF/PO. There might be a potential synchronization concern however this could be addressed by the UE by waking up a short period in advance in order to compensate for its expected drift and, if needed, to also re-synchronize.
Observation 1. Approach 1 "Extending SFN range of values" is not optimum as it has major RAN impacts. 
Observation 2. Time reference based approaches 3 and 4, allow to keep synchronization across different eNBs for UEs in extended DRX cycle so that the UEs can be mobile across the TA and continue the extended paging DRX operation as long as all the nodes support it. These approaches also help in addressing HLcom requirements.
Observation 3. Approach 3 "Time reference based (without legacy PF/SFN concept)" introduces substantial RAN impacts compared to options 1, 2 and 4 as PO/PF calculation has to be redefined.
Proposal 1. RAN2 to agree in choosing a solution that enables I-eDRX with minimum RAN impacts, e.g., to legacy PF/PO calculation, while providing a reliable way for UE reachability.
Proposal 2. RAN2 to agree that approach 2 "Multiplication factor on top legacy PF/SFN concept " or approach 4 "Time reference based with legacy PF/SFN concept" enable extended DRX cycle in idle with minimal RAN impact. If so, send an LS to SA2 for their feedback on both options.
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Figure 1. Approaches to enable I-eDRX in RAN side
Regardless of the approach chosen to enable I-eDRX, if a paging message is lost for any reason (e.g. eNB cannot page the UE in its PO or the S1-AP message reaches the eNB after the PO happens or the UE cannot decode the paging message), the network would not be able to send another paging message until the next PO, which might take a long time depending on the I-eDRX cycle value used. This aspect causes impacts by increasing the MT reachability delays as well as the time that the network needs to store the paging request.
Observation 4. If the paging message is lost for any reason, the network is required to wait at least another I-eDRX cycle in order to try sending another one in next paging opportunity.
As previously explained, it can be assumed that it is left up to UE implementation to wake up earlier if it is needed to compensate for any synchronization issue. On the other hand, the paging reachability delay and reliability concerns could be further addressed by the options described below and shown in Figure 2. Both of these options could be considered in combination with the four approaches described above .
Option a. Single consecutive extended PO (ePO). Legacy PO is used however the UE stays reachable for longer time in case the paging message is sent. The advantage is that UE only have to wake up once within an I-eDRX cycle but the disadvantage is that the PO/PF calculation may be affected in the UE and eNB. This option would most likely require the eNB to handle the repetitive transmissions of the RRC paging message in additional (sub)frames.
Option b. Consecutive POs based on legacy DRX cycle. This option would allow the UE and eNB not to change PO/PF calculation while allowing for additional reachability. The disadvantage is that the UE has to wake up multiple times within an I-eDRX cycle, however if the amount of time is small enough, there will be minimal impact to the UE power consumption. This option could be dealt by the MME sending additional S1-AP message or necessary information to the eNB.
Proposal 3. RAN2 to agree on allowing more than one paging message to be sent within an extended DRX cycle in idle mode.

Proposal 4. RAN2 to discuss and agree between option a "single consecutive extended PO" or option b "consecutive POs based on legacy DRX cycle" and send an LS to SA2 for their input on how to enable the multiple paging messages within an extended DRX cycle in idle mode.

[image: image2.emf]T

eDRX

Baseline: Single PO (1ms)

T

eDRX

Option a –�Single consecutive extended PO (ePO)

ePO

T

eDRX

Option b –�Consecutive POs based on legacy DRX cycle

T

DRX

T

DRX

T

DRX


Figure 2. Options to increase paging reliability for I-eDRX
I-eDRX: cell re-selection, SI update and RRM
Extended DRX cycle solution primarily reduces UE power consumption for devices with infrequent traffic that need to be reachable for MT data with certain delays in the order of several minutes to an hour. Therefore, while a UE is in the sleep period of the I-eDRX, the cell re-selection and RRM mechanisms could be left up to UE implementation. The UE could be allowed to turn off all AS activities leaving it up to UE implementation about which layer (i.e. AS or NAS) will control the timer that will trigger the UE to wake up for next PO. In some way, I-eDRX could be considered similar to PSM; however, the UE needs to wake up with "enough" time to receive SI and/or perform cell re-selection, if applicable. On the other hand, the UE will need to check the systemInfoValueTag sent in SystemInformationBlockType1 before aiming to receive a paging message after being in I-eDRX sleep as the UE might have missed the systemInfoModification indication sent in previous paging messages (i.e. the I-eDRX cycles could be longer than legacy modification period). 
Proposal 5. RAN2 to agree that it is left up to UE implementation whether any AS action is required while UE is in extended DRX sleep.

Proposal 6. RAN2 to agree that the UE has to check systemInfoValueTag sent in SIB1 before attempting to receive a paging message after being in an extended DRX cycle. 
3 Conclusion
This contribution discusses the RAN impacts and potential solutions needed in order to support I-eDRX above 20.48sec. The observations and proposals are listed below:
Observation 1. Approach 1 "Extending SFN range of values" is not optimum as it has major RAN impacts. 
Observation 2. Time reference based approaches 3 and 4, allow to keep synchronization across different eNBs for UEs in extended DRX cycle so that the UEs can be mobile across the TA and continue the extended paging DRX operation as long as all the nodes support it. These approaches also help in addressing HLcom requirements.
Observation 3. Approach 3 "Time reference based (without legacy PF/SFN concept)" introduces substantial RAN impacts compared to options 1, 2 and 4 as PO/PF calculation has to be redefined.
Proposal 1. RAN2 to agree in choosing a solution that enables I-eDRX with minimum RAN impacts, e.g., to legacy PF/PO calculation, while providing a reliable way for UE reachability.

Proposal 2. RAN2 to agree that approach 2 "Multiplication factor on top legacy PF/SFN concept " or approach 4 "Time reference based with legacy PF/SFN concept" enable extended DRX cycle in idle with minimal RAN impact. If so, send an LS to SA2 for their feedback on both options.

Proposal 3. RAN2 to agree on allowing more than one paging message to be sent within an extended DRX cycle in idle mode.

Proposal 4. RAN2 to discuss and agree between option a "single consecutive extended PO" or option b "consecutive POs based on legacy DRX cycle" and send an LS to SA2 for their input on how to enable the multiple paging messages within an extended DRX cycle in idle mode.
Proposal 5. RAN2 to agree that it is left up to UE implementation whether any AS action is required while UE is in extended DRX sleep.

Proposal 6. RAN2 to agree that the UE has to check systemInfoValueTag sent in SIB1 before attempting to receive a paging message after being in an extended DRX cycle. 
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5 Annex A

The description and impacts of extended DRX solution in idle based on Rel-12 TR 37.869 [5].
Solution 1a: Extended DRX in idle mode

NOTE:
This solution is described in TR 23.887 v0.9.0, section 7.1.3.1 "Extended DRX in idle mode".

RAN aspects

Table 7.1.1.1-1: Qualitative analysis for Solution 1a

	Applicability
	Idle mode. UEs that can always tolerate traffic with longer access delays for MT services in the order of the maximum extended DRX value.

Relatively infrequent data (e.g. several minutes or more). 

	Impacts to radio protocols
	Potential modification to paging (including assuring reliability of Paging Reception) if DRX Cycle is extended beyond 1024 radio frames in LTE or 4096 radio frames in HSPA

Updates to RRM requirements may be necessary (RAN4 performance requirements may need to be updated for longer DRX cycles).UE and eNB capability support

	Impact on Mobility
	Mobility is supported, however cell reselection may be delayed and take longer due to possibly reduced frequency of measurements. Stationary devices may be less impacted by this issue.

	Impacts to S1/Iu signalling
	Extended DRX Cycle capability support

Exchange of extended UE specific DRX value and new paging scheme 

	Impact to network implem.
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Potential extension of buffers for pending paging messages

Support of extended UE specific DRX values and potential paging enhancement.

	Impact to UE implem.
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential paging enhancement.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode.

	Impact on UE performance
	Longer access delays for MT services.
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