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Introduction
A Rel-17 new study [1] on support of reduced capability NR devices has been approved. One of the objectives of the SI is the following: 
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2



In this contribution, we discussed the design motivations that were taken into account for LTE eDRX design. We observe that the same motivations apply to some of the reduced capability NR devices such as wearable devices, or the massive industrial wireless sensor network (IWSN) devices. These devices involve relatively low-end services with the requirement of small device form factors, and/or being completely wireless with a battery life of several years. We also propose that the LTE eDRX design is used as a baseline for NR eDRX design.
Discussion
[bookmark: _Hlk525905422]An important use case for MTC is low cost devices with limited battery capabilities and with infrequent data transmission/reception, such as sensors and metering devices. For such devices, maximizing the battery lifetime is crucial since the cost of replacing the battery and on-site maintenance of millions of devices would be prohibitive. Reduced capability NR devices include use cases such as wearable devices and massive industrial wireless sensor network (IWSN). The IWSN use cases include relatively low-end services with the requirement of small device form factors, and/or being completely wireless with a battery lifetime of several years. Similarly, the battery lifetime of wearables use cases may be up to 1-2 weeks.
Observation 1: For a broad class of MTC devices, power consumption was the most critical resource to be optimized.
Observation 2: Some of the use cases of the reduced capability NR devices have a similar battery lifetime requirement as MTC use cases. Therefore, similar to MTC cases, battery power is the most critical resource to be optimized for a broad class of reduced capability NR devices.
In LTE and NR, DRX mechanism enables battery savings by configuring a periodic wake-up time interval (the DRX cycle) which is at most 2.56s. In LTE, it was concluded that the regular DRX is not well tailored to UEs that only need to wake-up infrequently (e.g., every few or tens of minutes). Some reduced capability NR devices such as wearables may also have requirements of long sleep time, and the regular DRX may not be well suited to those types of reduced capability NR devices.
Observation 3: Similar to MTC devices, some reduced capability NR devices may also have the requirement for long sleep time and the regular DRX may not be well suited to those types of reduced capability NR devices.
Proposal 1: It is proposed that reduced capability NR devices support extended DRX in RRC_Idle.
Proposal 2: It is proposed that reduced capability NR devices support extended DRX in RRC_Inactive.
The next question is how much extension to the regular DRX cycle is needed. An extended DRX cycle may be confined to the SFN range i.e., up to 1024 radio frames or 10.24s.  However, it is not clear if an extension of the DRX cycle up to only 10.24s will meet the battery lifetime requirement for some of the reduced capability NR devices. An alternative solution is to extend the DRX cycle beyond 10.24s as in LTE. 
Proposal 3: RAN2 is asked to discuss and decide if the DRX cycle is extended beyond 10.24s for RRC_Idle.
Proposal 4: RAN2 is asked to discuss and decide if the DRX cycle is extended beyond 10.24s for RRC_Inactive.
One key issue for eDRX operation that was addressed for MTC devices was radio resource efficiency and increases in paging capacity. Some of the reduced capability NR device use cases like IWS use cases are expected to have in the order of 106 devices per km2. Similarly, wearable use cases are expected to have in the order of 105 devices per km2.  Like the MTC use case, it is important for radio resources (paging occasions) to be efficiently shared and managed across all the devices. Such management should allow for a significant increase in the paging capacity.
Observation 4: As in LTE, NR eDRX should enable a significant increase in paging radio resource capacity.
Some reduced capability NR devices may be hardware limited with the requirement of a small form factor, although with performance requirements higher than that of LPWA MTC devices. For those devices, an extended sleep time could cause the UE’s internal clock to gradually drift out of sync with cell. This issue was addressed by having in LTE by adopting a solution that allows the UE to maintain or recover time synchronization with the serving cell without incurring additional signalling or power overhead.
Observation 5: As in LTE, NR eDRX solution should allow the UE to maintain or recover time synchronization with the serving cell without incurring additional signalling or power overhead.
The eDRX design objectives captured by Observation 4 and Observation 5 were addressed by LTE eDRX design with the introduction of the following:
· Hyper-SFN (H-SFN) corresponds to the cycle of 1024 radio frames. The hyper SFN (H-SFN) is broadcast by the cell and increments by one when the SFN wraps around.
· Paging Hyperframe (PH) refers to the H-SFN in which the UE starts monitoring paging DRX during a Paging Time Window (PTW).
· Paging Time Window is introduced to improve paging reliability with the repetition of the paging messages on different paging occasions within the PTW and limit the potential negative impact of UE’s internal clock drift on paging reception.
· The determination of the PF/PO uses the regular DRX formula. 
eDRX for reduced capability devices should reuse as much as possible LTE eDRX design concept, if RAN2 decides to extend the DRX cycle beyond 10.24s. The following are proposed.

Proposal 5:  eDRX for reduced capability NR devices reuses LTE eDRX Hyper system frame design as a baseline.
Proposal 6:  eDRX for reduced capability NR devices reuses LTE eDRX Paging Hyper frame (PH) design as a baseline.
Proposal 7:  eDRX for reduced capability NR devices reuses LTE eDRX Paging Time Window (PTW) design as a baseline.
Proposal 8: Paging Frame and Paging Occasion within the PH are computed according to NR PF and PO computation formulas.

Conclusion
In this contribution, we discuss our views related to the design of eDRX for reduced capability NR devices. We made the following observations and proposals:
Observation 1: For a broad class of MTC devices, power consumption was the most critical resource to be optimized.
Observation 2: Some of the use cases of the reduced capability NR devices have a similar battery lifetime requirement as MTC use cases. Therefore, similar to MTC cases, battery power is the most critical resource to be optimized for a broad class of reduced capability NR devices.
Observation 3: Similar to MTC devices, some reduced capability NR devices may also have the requirement for long sleep time and the regular DRX may not be well suited to those types of reduced capability NR devices.
Observation 4: As in LTE, NR eDRX should enable a significant increase in paging radio resource capacity.
Observation 5: As in LTE, NR eDRX solution should allow the UE to maintain or recover time synchronization with the serving cell without incurring additional signalling or power overhead.
Proposal 1: It is proposed that reduced capability NR devices support extended DRX in RRC_Idle.
Proposal 2: It is proposed that reduced capability NR devices support extended DRX in RRC_Inactive.
Proposal 3: RAN2 is asked to discuss and decide if the DRX cycle is extended beyond 10.24s for RRC_Idle.
Proposal 4: RAN2 is asked to discuss and decide if the DRX cycle is extended beyond 10.24s for RRC_Inactive.
Proposal 5:  eDRX for reduced capability NR devices reuses LTE eDRX Hyper system frame design as a baseline.
Proposal 6:  eDRX for reduced capability NR devices reuses LTE eDRX Paging Hyper frame (PH) design as a baseline.
Proposal 7:  eDRX for reduced capability NR devices reuses LTE eDRX Paging Time Window (PTW) design as a baseline.
Proposal 8: Paging Frame and Paging Occasion within the PH are computed according to NR PF and PO computation formulas.
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