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1 Introduction

eDRX WI is intended to cover longer DRX periods also for RRC connected mode.  The objective as captured in the WID: 

The general objective of this work item is to provide RAN specifications for extending the DRX cycle in scenarios where mobile terminated data has a delay tolerance in the order of minutes to an hour.

Supporting longer DRX periods of the order of minutes to an hour in connected mode has implications amongst others, on mobility handling and  MME NAS function.  This contribution looks at the topic in more detail.

2 Discussion

2.1 eDRX visibility to MME

Use of longer DRX periods of the order of minutes to an hour will imply that NAS timers will need to be extended.  Further, handling of SMS becomes more complicated because the SMSC will repeat the message.  SA2 is discussing solutions to handle this specifically.  One of the solutions under discussion is to have MME reject the SMS while the UE is in eCDRX.   In order to do this, MME needs to be aware of that the UE is in eCDRX.  Every transition to and from eCDRX needs to be communicated to the MME.  A new message, equivalent to an Idle Page, has to be introduced in connected mode over S1 to bring the UE out of eCDRX when MME has NAS messages (including SMS) to send to the UE.  
DRX lengths of less than 10s is expected to have minimal impact on NAS protocols.  
In other words, this is almost similar to the UE being RRC Idle from MME and NAS point of view except that the RRC connection is maintained in the eNB and UE AS.  

Observation #1: If long cycle length of the order of minutes to an hour is used, NAS and SMS handling seems to require visibility of eCDRX in MME; this introduces additional complexity in MME and eNB and new procedures over S1.  DRX lengths of less than 10s is expected to have minimal impact on NAS protocols.  

This then almost implies a specific approach also on the RAN as discussed further below.

2.2 eDRX in RAN for connected mode

Currently specifications support short and long DRX with timers or explicit MAC CE to transition to them.  .  There are different options to support eCDRX  of the order of minutes to an hour:  

1) Treat eCDRX simply as extended configuration parameters for the existing long DRX.  This is simple to support as the changes are limited to just providing the additional longer configuration parameters.  However, it would mean that it would not be as easy to make use of the current DRX periods during periods of activity.  

2) eCDRX as an additional “state” to short and long DRX.  In this case, the UE can be provided with 3 DRX configurations – short, long and eCDRX.  Transition to the eCDRX can be timer or MAC CE based (as today with other DRX).  This is a bit more complex since it requires the introduction of a new DRX state but allows the use of the current long DRX configuration as well.

As discussed in the section 2.1, MME is expected to be informed about the transitions in and out eCDRX and eCDRX is somewhat similar to RRC-Idle.  This model is better aligned with a new DRX state in the AS.

Observation #2: If long cycle length (of the order of minutes to an hour) is used, modelling eCDRX as additional DRX state in MAC has better alignment with the MME handling.  However, this requires additional configurations and new handling of the new MAC state.  On the other hand, a value range of <10s can be done by simpler extension of the current long DRX cycle.
2.3 Supporting mobility in eCDRX

Another aspect to consider is mobility when UE is using eCDRX periods.  Such extended values will imply that it would not be possible to ensure that sufficient UE based measurements happen to ensure adequate measurement reporting to support HO.  This can result in RLF/HO failure for UEs that are mobile, or even those that are stationary but has had some change in RF conditions.

One option is to explicitly prohibit all mobility and re-establishment procedures while in eCDRX.  In any case, RLF within a cell will still need to be supported.  The procedure for RLF and mobility failure in the UE is the same – UE does cell selection and an RRC re-establishment.  Hence prohibiting mobility will require additional specification changes to prevent RLF procedures in eCDRX.  Further, data loss will occur if re-establishment is not allowed.

Another option is to just let the UE go through RLF and re-use the existing re-establishment procedures.  This might actually be simpler in terms of specification changes needed but is not as clean since RLF is intentionally used in the normal operation of the UE.  The eNB must buffer any DL user data until the UE performs re-establishment.  Feedback from RAN4 on how long it will take for UE to detect RLF will be useful to understand how long eNB should buffer DL data. 

Observation #3:  Special mobility handling is needed for long eCDRX cycles of the order of several minutes.

2.4 Usecases for eCDRX 

Currently, the same ranges are used for Connected and Idle mode DRX cycles.  The intention is allow potentially the same battery saving in Connected and Idle.  With eIDRX of the order of minutes to an hour, the applicability of the same range for eCDRX needs more careful consideration.

To determine the appropriate eCDRX cycle, we should look at the targeted use case for eCDRX.  However, this is not clear –is the primary target smartphone with frequent small data or MTC with delay tolerant traffic with long periods of inactivity?Since mobility is not well supported, it seems to imply that the target is MTC devices.
In terms of signalling reduction from using long eCDRX,  the total volume of signalling that can be saved with eCDRX per MTC device will be small (though it can be large in terms of percentage relative of user data).  To make an efficiency impact at the system level, network will need to keep a very large number these devices in connected state which is not very scalable from eNB implementation perspective.   

Observation #4: To achieve fair saving of signalling traffic at system level from MTC devices would require eNBs to keep a very large number of these devices in connected mode.  

3 Conclusion and proposal

The document discussed possible solutions and impacts on specifications and products for long eCDRX cycles of the order of minutes to an hour.    The following observations and proposals are made:
Observation #1: If long cycle length of the order of minutes to an hour is used, NAS and SMS handling seems to require visibility of eCDRX in MME; this introduces additional complexity in MME and eNB and new procedures over S1.  DRX lengths of less than 10s is expected to have minimal impact on NAS protocols.  

Observation #2: If long cycle length (of the order of minutes to an hour) is used, modelling eCDRX as additional DRX state in MAC has better alignment with the MME handling.  However, this requires additional configurations and new handling of the new MAC state.  On the other hand, a value range of <10s can be done by simpler extension of the current long DRX cycle.
Observation #3:  Special mobility handling is needed for long eCDRX cycles of the order of several minutes.

Observation #4: To achieve fair saving of signalling traffic at system level from MTC devices would require eNBs to keep a very large number of these devices in connected mode.  

Based on the above observations, introducing long eCDRX of the order of minutes to an hour has fair amount of complexity and impact to specifications and implementations. Its benefits or target use case is not that clear either.  It is hence proposed:
Proposal #1: Discuss and agree whether to introduce long eCDRX cycles longer than 10s.  If necessary, RAN2 should request feedback from SA2 on NAS impact from longer DRX cycles.
