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Discussion and decision

1. Introduction

At the RAN #51 meeting, the new work item “LTE RAN Enhancements for Diverse Data Applications” was agreed [1]. One of the objectives of the work item is to enhance the DRX configuration/control mechanisms to accommodate applications requiring small data transmissions (e.g., keep-alive or status update message). The enhancement of the DRX configuration should achieve a good balance between latency and UE-battery-consumption. With potential changes to the DRX configuration, its impact to existing radio operations should not be compromised. In this contribution, the impacts to both Time Advance and downlink radio monitoring are further evaluated.
2. Discussion
As previously addressed in [2], with the large number of smartphones utilizing always-on apps, the existing DRX configuration is suboptimal for saving battery power while keeping latency and signalling to a minimum which means the UE should be kept in RRC connected rather than idle. 　In order to have DRX configuration with a long enough DRX cycle and on-Duration similar to the idle DRX cycle it would make sense that an Extended Long DRX cycle be configurable by the eNB.
Proposal 1:
RAN2 should agree to specify “Extended Long DRX cycle(s)”
If proposal 1 is agreed, RAN2 should also consider potential issues as a result of introducing the Extended Long DRX. 
2.1. Study on some potential issues and solutions
2.1.1 Timing Advance
Uplink timing alignment maintenance is controlled by the MAC layer and is critical to ensuring that a UE’s uplink transmissions arrive in the eNB without overlapping with the transmissions from other UEs.  However, maintaining the uplink synchronization when no data is transferred wastes radio resources and adversely impacts the UE battery life. It is also stated in stage 2 [3] that “In some cases (e.g. during DRX), the timing advance is not necessarily always maintained…”. 　This means that when a UE is inactive for a certain period of time the UE is allowed to lose uplink synchronization even in the RRC connected state and there is no mandatory specification for UL timing maintenance after UE enters in DRX mode.  If the UE does not receive a timing advance update before the timeAlignmentTimer expires, the UE must consider its uplink to have lost synchronization and UL transmission can only take place on PRACH if new transmission is needed.  In general, the UE would only enter the DRX mode when there is no data which UE/eNB should send immediately and uplink timing can be reestablished as needed using the random access procedure in case new transmission is needed.  However, since the Extended Long DRX is proposed specifically to address the need for UEs to send small data transmissions (e.g. keep-alive message, status update message) periodically during this DRX mode it would be more efficient to maintain these UEs’ uplink timing rather than to reestablish timing alignment from RA procedure. 　In other words, it would be more efficient to send regular timing update commands to these UEs (at least before timeAlignmentTimer expires) than for the UE to try and reacquire the uplink timing from RA procedure. 　It is foreseeable that this type of UE will see explosive growth and the RACH resource will be severely impacted if these UEs depend on RA procedure for uplink timing alignment on a regular basis.  It is currently predicted that the number of MTC devices will be increased dramatically which by themselves will already have a severe impact on RACH resources.  Too much RACH load will cause RACH resource crunch and negatively affect operator’s networks. 　It is therefore assumed that the RACH load from non-MTC devices should be kept to a minimum.  Therefore, uplink timing should be maintained if UE is in the Extended Long DRX mode.  In order to support uplink timing maintenance for UEs operating in the Extended Long DRX mode some changes to the specification may be needed.
Observation 1:
The network may experience excessive RACH resource crunch if a large numbers of UEs operating in Extended Long DRX cycle(s) use RA procedure to re-establish timing alignment for sending small data periodically.
Proposal 2: 

Uplink timing should be maintained if UE is operating in the Extended Long DRX mode
2.1.2 Downlink radio monitoring
Downlink radio monitoring is another potential problem with the Extended Long DRX mode.  UEs operating in the Extended Long DRX mode have fewer opportunities for monitoring radio environments compared to the UE operating in existing DRX modes in the connected state.  In this case, the likelihood of RLF occurrence will be increased and handover failure will be especially pronounced in HetNet and high mobility scenarios.  Additionally, for UEs supporting SON-MRO, whenever a UE experiences RLF during handover process the UE will attempt to send RLF report to the network at the next successful RRC connection even though the RLF is not caused by suboptimal handover parameter setting.  This will clearly increase the signalling load for the network and add complexity to the SON functionality to determine the cause of the RLF.  In the worst case incorrect handover parameters may be configured if the cause of the RLF is not properly determined.  In order to properly maintain UE’s radio link performance and minimize signalling overhead while the UE’s operating in the Extended Long DRX mode, some improvement of downlink radio monitoring will be needed.
Observation 2:
In order to properly maintain UE’s radio link performance and minimize signalling overhead while the UE’s operating in the Extended Long DRX mode, some improvement of DL radio monitoring will be needed.
Currently, the UE will send a measurement report based on e.g., A3 trigger and TTT.  However, with Extended Long DRX cycle(s) the probability of handover failure may be increased due to the decreased opportunity to perform measurements.  In order to maintain proper radio link performance (esp. just prior to handover), one solution would be to allow the UE to change its measurement interval while operating in the Extended Long DRX mode. 　Additionally, the UE will determine the change in measurement interval by comparing its source cell signal against a new threshold. UE can use this new internal threshold to change the DRX cycle to something shorter since the RSRP/RSRQ is indicating that perhaps a handover is imminent and the UE should not be in an Extended Long DRX cycle anymore to prevent RLF.  Referring to figure 1, once the UE determines the source cell’s signal is below this new threshold it can optionally increase the frequency of measurement during an extended long DRX cycle.  When the UE does reach the point where event A3 would be triggered, the UE will likely not delay measurement reporting due to missed opportunities while it is in the handover region.  Therefore, RAN2 should consider allowing the UE to modify the measurement interval while it is operating in the Extended Long DRX mode.
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Figure 1: Change of measurement interval using the new threshold

Proposal 3: 

RAN2 should consider allowing the UE to modify the measurement interval while it is operating in the Extended Long DRX mode
3. Conclusion
In this contribution, we concur with previous contribution that it is important to support the Extended Long DRX mode to accommodate UEs needing to transmit periodical small data for keep-alive or status update messages.  Two issues related to radio link operation are evaluated.  In order to reduce RACH load to a minimum, it is proposed that uplink timing alignment be properly maintained while the UE is operating in the Extended Long DRX mode.  For downlink radio monitoring, the UE should be allowed to keep RLF to a minimum by making additional internal measurement as needed. 　We have the following observations and proposals.
Proposal 1:
RAN2 should agree to specify “Extended Long DRX cycle(s)”.
Observation 1:
The network may experience excessive RACH resource crunch if a large numbers of UEs operating in Extended Long DRX cycle(s) use RA procedure to re-establish timing alignment for sending small data periodically.
Proposal 2: 

Uplink timing should be maintained if UE is operating in the Extended Long DRX mode
Observation 2:
In order to properly maintain UE’s radio link performance and minimize signalling overhead while the UE’s operating in the Extended Long DRX mode, some improvement of downlink radio monitoring will be needed
Proposal 3: 

RAN2 should consider allowing the UE to modify the measurement interval while it is operating in the Extended Long DRX mode. 
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