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1 Introduction

In RAN2#90, IDLE Mode eDRX was discussed.  The following agreements were made regarding IDLE Mode eDRX:  
For idle mode:

· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  

· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  FFS how the UE determines for how long to monitor for paging messages.  

In this contribution, we address some of the pending issues related to eDRX in IDLE mode.
2 Discussion
2.1 Hyper SFN-Based vs Timer Based Approaches
In RAN2#90, two approaches were discussed on how the UE determines when to wake up from eDRX: Hyper SFN-Based versus timer based.  
· In the Hyper SFN-Based approach [1]

 REF _Ref426641878 \r \h 
[2], the UE wakes up on a specific Hyper-SFN according to an eDRX cycle and once the UE wakes up it determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  
· In the timer-based solution, the wakeup and paging time are determined based on timers in the UE and NW and a common time reference is maintained between the UE and NW.    
There was significant discussion on the merits and shortcomings associated with both the SFN-based approach and the timer-based approach for determining when the UE needs to wake up. While no conclusion was reached, some key issues were discussed and we look at each of these issues in more detail.
Overall Complexity and Standards Impacts:
The hyper-SFN approach is based on the current mechanisms of DRX and paging at the RAN level and only the new calculation of specific paging Hyper-SFN needs to be specified.  It is therefore the most natural way of implementing eDRX.  The timer-based approach needs to maintain a common time reference between the UE and NW.  This may likely result in larger impacts at the NAS level, as a new NAS procedure may be required to initiate and maintain a common time reference between the UE and the MME.  Moreover a more complex implementation effort may be required at both the UE and MME sides compared to extension of an existing mechanism. 
Observation 1 The hyper-SFN approach is simpler from standardization and implementation aspects.

Synchronization between UE and network:
Clock drift represents an issue with eDRX as UEs may be asleep for long periods of time (in the order of minutes), causing them to lose synchronization with the network.  In the timer-based approach, to achieve synchronization between the UE and MME clocks/timers and to ensure a common time reference NAS messaging is required potentially during the wakeups.  In the hyper-SFN approach, the UE can synchronize to the correct SFN and Hyper-SFN by reading the system information.  
While synchronization can be achieved with both procedures, we note that with the timer based approach additional signaling would need to be exchanged between the UE and MME, requiring the UE to perform full RRC connection establishment procedures then exchange NAS signaling. This results in significant increased signaling overhead and battery consumption.  

Observation 2 Synchronization for timer-based approach would result in additional signaling overhead and battery consumption. 
eNB Upgrade and Interoperability with Legacy eNBs:
One concern discussed at RAN2#90 was the ability of a UE in eDRX to be able to reselect to a legacy eNB in which the eDRX feature had not yet been deployed.  Such interoperability would allow the eDRX feature to be rolled in progressively, rather than needing to deploy it to all eNBs simultaneously.  
In both approaches, the obvious (and quite simple) solution is to have the UE fallback to legacy DRX when it reselects to a legacy eNB. This is in general how we handle such issues with legacy system when a new feature is introduced. While this reduces the power savings for this specific UE, it should be noted that such a disadvantage will only occur during a transition period during which the feature is being rolled out, and is not a long-term issue.    
Observation 3 Both approaches require UEs in eDRX to fall back to legacy DRX when reselecting to legacy eNBs.

Paging Capacity:
Because the hyper-SFN approach is based on extending the current paging mechanism in such a way that a specific UE is only paged in certain hyper-SFNs, increase in paging capacity to accommodate a larger number of UEs is achieved implicitly by grouping UEs in different hyper SFNs, similar to current paging mechanism.  In the case of the timer-based mechanism, this needs to be ensured by the MME appropriately selecting the paging wakeup times for each of the UEs in order to distribute the paging time evenly over the system.  It becomes even more complicated if we consider that an eNB can be connected to multiple MMEs that are not synchronized in timing and each MME has paging requests that will contribute to the paging distribution in the same eNB.  
While distributing the paging for a number of UEs over the entire hyper-SFN cycle may increase the amount of time needed to page all UEs (for example in emergency situations), it is expected that such applications will likely avoid the use of eDRX in the first place.  

Observation 4 The hyper-SFN approach achieves better paging capacity, and without additional implementation effort.

Given the limited time scale for standardization of eDRX in Rel13, coupled with the fact that we do not see any significant advantages to the use of the timer based approach (but rather a disadvantage in terms of complexity) we believe the hyper-SFN approach is the better choice for standardization of eDRX
Proposal 1 RAN2 to adopt the Hyper SFN-Based approach for eDRX. 

2.2 Design Aspects Related to SFN-Based Approach 
A number of design options need to be considered for specification of the SNF-based approach.
UE Receiving Window Length

In RAN2#90, it was agreed to allow the paging message to be repeated on different paging occasions determined using the legacy DRX formula for a certain time window in order to improve paging reliability.  However, how the UE determines for how long to monitor for paging messages needs to be defined.  
The length of the paging window is a tradeoff between reliability and power consumption.  Increasing the window improves reliability, however it increases battery consumption and impacts overall paging capacity.  

The actual number of paging repetitions could be either fixed (e.g. in the standard) or can be configured by the network.  To allow flexibility to the network and the ability to adapt to different devices, the paging window should be configured by the network either via system information or through NAS procedures.  Window length should be given to the UE as a number which represents multiples of normal DRX cycles containing paging repetitions.
Proposal 2 The receiving window length should be configured by the NW depending on  how many paging repetitions are desired, and be broadcasted in system information or configured via UE specific NAS procedures.
Proposal 3 The window length correspond to a number representing multiples of normal DRX cycles containing paging repetitions
Synchronization due to Timing Drift   
Differences in clock timing between the UE and the network result in a drift of the UE’s wakeup time compared to the network scheduled time, i.e. UE’s kept SFN or Hyper-SFN number is not aligned with the NW’s, which needs to be corrected at each wakeup by the UE.  This can be achieved by reading the SFN and the hyper SFN from system information and adjusting the UE timer based on this frame timing.  
While the SFN is currently available in the MIB, the hyper-SFN would need to be included in MIB or SIB.  The entire hyper-SFN could be included in MIB or SIB (e.g. SIB1) for the UE to read at each wakeup. It is more desirable to put Hyper-SFN in MIB than SIB1 for the concern of latency and UE power efficiency. However, transmission of the entire hyper-SFN in may unnecessarily take up more precious bits in the MIB. Since the amount of clock drift in one eDRX period will not likely be beyond more than one or two hyper-SFNs, it is enough to just have one or two least significant bits in MIB for synchronization purposes. This would make including the hyper-SFN in the MIB possible and avoid the need for the UE to read SIB1 at each wakeup. Note that the rest of Hyper-SFN bits still need to be provided in SIB1 so the UE can have the full Hyper-SFN number.
Proposal 4 Synchronization between eNB and UE should be performed by including the least-significant n bits of the hyper-SFN in the MIB and the rest of the bits in SIB1.

If Hyper-SFN are not aligned, when reselecting to a new eNB the UE, in the worst case scenario, may have to wait up to a full eDRX cycle to receive the next paging occasion, therefore potentially increasing latency.  To avoid such situations some coarse synchronization of the hyper-SFN across eNBs can be considered.   As shown in [1] eNB synchronization can be achieved without requiring inter-eNB coordination and by periodically resetting its hyper-SFN counter at a pre-defined time of day.
Proposal 5 Synchronization between different eNBs can be performed by having different eNBs reset their hyper-SFN number regularly.
System Information Change for eDRX UEs

System information change is signaled to UEs in legacy IDLE DRX through paging with the setting of a SystemInfoModification flag.  The paging is received in a given BCCH modification period to signal the change in system information for the next BCCH modification period.

The BCCH modification period is a function of the default DRX cycle, and so the eDRX period may likely be larger than current typically configured values of the BCCH modification period.  In that scenario, UEs in eDRX may not be aware of system information changes (including information which may affect the DRX/eDRX behavior itself) before such changes take effect.  One way to resolve this issue would be to have all UEs operate on a longer BCCH modification period, but this would result in reducing how quickly the network can change system information for legacy UEs, and would therefore be undesirable.    
Proposal 6 RAN2 should discuss how to handle system information change for UEs in eDRX to avoid impact to legacy UEs. 

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 7 RAN2 to adopt the Hyper SFN-Based approach for eDRX. 

Proposal 8 The receiving window length should be configured by the NW depending on  how many paging repetitions are desired, and be broadcasted in system information or configured via UE specific NAS procedures.

Proposal 9 The window length correspond to a number representing multiples of normal DRX cycles containing paging repetitions

Proposal 10 Synchronization between eNB and UE should be performed by including the least-significant n bits of the hyper-SFN in the MIB and the rest of the bits in SIB1.

Proposal 11 Synchronization between different eNBs can be performed by having different eNBs reset their hyper-SFN number regularly.

Proposal 12 RAN2 should discuss how to handle system information change for UEs in eDRX to avoid impact to legacy UEs. 

4 
References

[1] R2-152342 Design Considerations for extended DRX in LTE.  Qualcomm Incorporated, InterDigital Communications.
[2] R2-152136  RAN enhancements for extended idle mode DRX in LTE.   MediaTek Inc.
[3] R2-152423  eDRX concepts for idle and connected mode.  Ericsson.

[4] R2-152172  eDRX impacts and solutions.   Intel Corporation.


4/4


