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1 Introduction
The WI of extended DRX in LTE [1] has been approved at RAN#67 meeting. The RRM impacts due to the newly introduced eDRX cycles have been discussed in several RAN4 meetings. 

For connected mode, some progress were made in RAN4#77. The applicability rule of the eDRX requirements were agreed in CR [2], and for those requirements that are not impacted by eDRX, clarification is also made in spec. As the extension of DRX duty cycle is moderate in connected mode, it is a common understanding in RAN4 that for those requirements that are impacted by eDRX, the same scaling as in legacy DRX requirements will be used. A draft CR was proposed [3], and we think the technical contents are agreeable.   
The idle mode requirements for eDRX are more open compared to connected mode. In our view, at least the following 3 issues need to be addressed in the WI. 

· Mobility procedure and corresponding requirements 
· IncMon requirements
· eMTC requirements  
In this paper, we will provide our views on the open issues of idle mode RRM requirements for eDRX.
2 Discussion
Mobility procedure and corresponding requirements
The main idle mode mobility procedure with current DRX cycles is cell reselection. The assumption based on which cell reselection works, is that UE is in the coverage of its serving cell every time it wakes up (rather frequently) from DRX and performs measurement. UE is then assumed to follow the configured DRX pattern to detect, measure and evaluate serving cell and neighbour cells, and requirements allow for a good trade-off between mobility performance and power saving can be achieved.
However, with additional extended DRX duty cycles introduced with eDRX, the assumption may not hold even UE is moving at very low speed. The longest eDRX cycle can be up to 40 minutes, and UE may have therefore already left the coverage area of the original serving cell with such a long interval between two DRX duty cycles.
Proposal 1: The scenario where UE may have lost its serving cell when it wakes up from DRX should be addressed for idle mode with eDRX. 
In this scenario, a straightforward UE behaviour is that UE first checks if the serving cell is still fulfilling the cell selection criterion; if so, UE can still perform cell reselection as today following serving cell’s DRX pattern, but in case the serving cell is no longer visible, UE should find another cell to camp on if such a cell exists, including detect the cell, measure the cell and evaluate if the cell can fulfil the cell selection criterion. 
The procedure is similar to current serving cell measurement and evaluation requirements defined in section 4.2.2.1 of 36.133. However, in order to ensure the robust paging reception, we think new requirements should be defined for 
· UE checking if the serving cell is still fulfilling the cell selection criterion, and 

· UE finding another cell to camp on.

When UE is in idle mode and configured with eDRX, RAN2 introduced the concept of paging window. Each eDRX cycle contains a paging window, during which UE shall read paging following the legacy DRX duty cycle. The paging window would consist of two or more DRX cycles, and if UE misses one paging transmission e.g. due to uncertainty in the MME-UE timing or due to UE reselecting to a new cell, the UE can still read the remaining paging transmissions in the window, so that robust paging reception can be ensured. One motivation of this robust design is the long DRX duty cycle with eDRX. For example, if UE misses all paging transmissions in the window, it will have to wait for another 40 minutes for the next transmission. It is thus desirable if UE can finish the paging reception in one window, no matter what mobility procedure has taken place. This is also our target in developing RRM performance requirements.

In current cell requirements, UE shall measure and evaluate the serving cell every DRX cycle, and filter the RSRP/RSRQ measurement with at least 2 samples separated by half DRX cycle. If UE finds serving cell cannot fulfil the cell selection criterion for Nserv (minimum value 2) DRX cycles UE will initiate measurement as indicated by the serving cell. Additionally the UE shall measure and evaluate intra-frequency neighbour cells whether a newly detectable cell meets the cell reselection criteria within Tdetect,EUTRAN_Intra. Once a cell is detected the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion within Tevaluate,E-UTRAN_intra. 

In our view, this requirement is not re-usable for eDRX – if the paging window contains 5 DRX cycles and UE needs 4 cycles before it starts measurement, there is clearly no time left to find the new cell to camp on and read the paging there within the paging window. In our understanding, the most important task when UE wakes up after 40 minutes sleep should be checking if the serving cell is still valid or whether cell change is needed. Mobility should have higher priority than power saving at this moment as the UE would otherwise potentially miss possible paging messages. Additionally it does not make sense to follow the serving cell DRX pattern with moderate probability that serving cell is no longer valid. 
Therefore, we think UE should evaluate the serving cell with short sampling interval as in connected mode non-DRX. In current requirement, the connected mode measurement period with non-DRX is 200ms assuming 40ms sampling interval. Leaving some margin we think the requirement for idle mode can be defined as 400ms.
Similarly, if UE finds its serving is no longer fulfilling cell selection criterion, there is no point to follow the ex-serving-cell DRX pattern in searching for a new suitable cell. Still assuming 40ms sampling interval and 25 samples to finish the detection and evaluation and applying the same margin, we can come to the requirement of 2000ms for UE to finish the evaluation of a new cell. 
With the proposed requirements, for the scenario where UE loses its serving cell when it wakes up from DRX, it would need in total 2.4s to find a new cell. The minimum paging window size under RAN2 consideration is around 5s, so we think the proposed requirements fits well.
Proposal 2: To handle the new scenario, serving cell requirements are defined that 
· UE shall be able to evaluate if the serving cell is still fulfilling the cell selection criterion within [400]ms, and 
· UE shall be able to evaluate if a new cell fulfils the cell selection criterion within [2000]ms if its serving cell is no longer fulfilling the cell selection criterion
IncMon requirements
IncMon was introduced in Rel-12 in order to enable capable UE to monitor more inter-frequency carriers than in legacy requirements, and thus better mobility performance. When carriers are configured to be monitored for an IncMon UE, there are two groups with different measurement performances. In idle mode, carriers in normal performance group have the same measurement requirement as when UE does not support IncMon, while carriers in reduced performance group would have delay requirements 6 times larger than non-IncMon requirements.
As UE in eDRX may already have very large sampling interval, it was discussed in RAN4 whether the requirements are still meaningful if the interval is further enlarged by 6 times. For example, currently UE is required to evaluate a new cell on a reduced performance carrier within 55.88*6s, which translates into 138 DRX cycles. Depending on how many DRX cycles are configured for a paging window, this evaluation time may span across multiple eDRX cycles, and the absolute delay would be very large up to several hours. 

In our view, the extended requirements are still meaningful, as long as UE can handle the scenario of losing serving cell as discussed above. Following Proposal 2, UE would perform cell reselection only it finds its serving cell still valid, which means UE has little movement compared to last eDRX cycle. In this case, UE should be allowed more time to find a better cell for reselection, and the averaging across eDRX cycles is also making sense. Therefore, we think the same IncMon scaling can be applied to eDRX cell reselection requirements.

Proposal 3: Same IncMon scaling is applied to eDRX cell reselection requirements. Cell detection and measurement can span across multiple eDRX cycles, as long as UE can handle the scenario in Proposal 1. 
eMTC requirements
Idle mode requirements for eMTC was discussed in RAN4-77AH-IoT, and CR [4] was technically endorsed. RRM requirements for combined eMTC and eDRX was not included in [4] and we will discuss it below. As eMTC requirements are more stable than eDRX, we will mainly consider the impacts of eDRX to eMTC requirements.  
eMTC requirements are only defined for intra-frequency. When UE is in normal coverage (NC), the requirements are same as legacy; when UE is in enhanced coverage (EC) new requirements are defined 
· Evaluation time of an already detected cell is doubled

· Detection time of a new cell is based on 400 samples and minimum 320s

For serving cell, the requirements as in Proposal 2 should be extended. The time within which UE shall be able to evaluate if the serving cell is still fulfilling the cell selection criterion should be doubled to 800ms. The time within which UE shall be able to evaluate if a new cell fulfils the cell selection criterion if its serving cell is no longer fulfilling the cell selection criterion should be scaled by 400/25, resulting to 32s.
Proposal 4: For eMTC EC, serving cell requirements are defined that 

· UE shall be able to evaluate if the serving cell is still fulfilling the cell selection criterion within [800]ms, and

· UE shall be able to evaluate if a new cell fulfils the cell selection criterion within [32]s if its serving cell is no longer fulfilling the cell selection criterion

For neighbour cell, we think the current requirements in terms of DRX cycles for detection, measurement and evaluation can be re-used for eDRX, as long as UE can handle the scenario of losing serving cell as discussed above. Following Proposal 4, UE would perform cell reselection only it finds its serving cell still valid, which means UE has little movement compared to last eDRX cycle. In this case, UE should be allowed more time to find a better cell for reselection, and the averaging across eDRX cycles is also making sense. 
Proposal 5: For eMTC EC, neighbour cell requirements for eDRX are defined by re-using the same DRX cycles. Cell detection and measurement can span across multiple eDRX cycles, as long as UE can handle the scenario in Proposal 1.
3 Conclusions 

In this paper, we discussed the open issues in idle mode RRM requirements for eDRX. We first pointed out a new mobility scenario due to long sleeping period in between eDRX cycles, and proposed serving requirements to handle it. We also discussed how to scale the eDRX requirements for IncMon and eMTC EC.  
We have the following proposals:

Proposal 1: The scenario where UE may have lost its serving cell when it wakes up from DRX should be addressed for idle mode with eDRX.
Proposal 2: To handle the new scenario, serving cell requirements are defined that 

· UE shall be able to evaluate if the serving cell is still fulfilling the cell selection criterion within [400]ms, and

· UE shall be able to evaluate if a new cell fulfils the cell selection criterion within [2000]ms if its serving cell is no longer fulfilling the cell selection criterion
Proposal 3: Same IncMon scaling is applied to eDRX cell reselection requirements. Cell detection and measurement can span across multiple eDRX cycles, as long as UE can handle the scenario in Proposal 1.
Proposal 4: For eMTC EC, serving cell requirements are defined that 

· UE shall be able to evaluate if the serving cell is still fulfilling the cell selection criterion within [800]ms, and

· UE shall be able to evaluate if a new cell fulfils the cell selection criterion within [32]s if its serving cell is no longer fulfilling the cell selection criterion

Proposal 5: For eMTC EC, neighbour cell requirements for eDRX are defined by re-using the same DRX cycles. Cell detection and measurement can span across multiple eDRX cycles, as long as UE can handle the scenario in Proposal 1.
We also have a companion CR for serving cell and intra-frequency neighbour cell requirements, capturing the above proposals. 
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