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1.	Introduction
According to NR-REDCAP SI description [1], how to extend battery lifetime for reduced capability (REDCAP) UEs is one of the main objectives. 
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 would like to discuss support of extended DRX (eDRX) in RRC_INACTIVE or RRC_IDLE to reduce UE power consumption.
2.	Discussion 
One important objective of NR_REDCAP study is to improve flexibility. The service requirements of REDCAP devices are higher than LPWA (i.e. LTE-M/NB-IOT) but lower than URLLC and eMBB. For example, the use cases and requirements include low-end services with a battery life of several years while the minimum bandwidth requirement could be much higher than LPWA. For certain types of REDCAP devices, reducing power consumption may be more important criteria than minimizing delay. In this contribution, we would like to provide our view of support for extended DRX in RRC_IDLE and RRC_INACTIVE. 
The UE can use DRX for paging in RRC_IDLE and RRC_INACTIVE to reduce UE power consumption. The current value range of DRX cycle in both RRC_IDLE and RRC_INACTIVE is defined as {rf32, rf64, rf128, rf256}. However, the REDCAP devices may not need to monitor Paging occasion so frequently depending on the types of applications. Considering various service types applicable for REDCAP devices, extension of the current DRX cycle would be beneficial. So, we suggest to support eDRX in RRC_IDLE and RRC_INACTIVE for REDCAP devices, and adopt UE operations for eDRX for paging in LTE as the baseline. 
Proposal 1. Support eDRX in RRC_INACTIVE and RRC_IDLE for REDCAP devices. The UE and network operations specified in TS 36.304 and TS 24.501 could be a baseline. 

The UE in RRC_INACTIVE is in 5GMM-CONNECTED mode with RRC inactive indication. The UE in 5GMM-CONNECTED mode shall consider the impact of NAS layer procedures to support eDRX because the UE should expect additional delays to resume the RRC connection to receive services or process paging. In the LS for 5G_CIoT [2], CT1 raised an issue on an increase in NAS message retransmissions if the UE supports eDRX in RRC_INACTIVE where the eDRX cycle is larger than 6s. Although NAS specification has been updated in Rel-16 to extend NAS timers for WB-N1/CE mode devices [3], large values of eDRX cycle beyond 10.24s may not be so beneficial in RRC_INACTIVE because the UE is in 5GMM-CONNECTED. Therefore, we think the maximum value of eDRX cycle in RRC_INACTIVE, also known as ran-PagingCycle, can be 10.24s. The value range of eDRX for paging would be {rf32, rf64, rf128, rf256, rf512, rf1024}.
Proposal 2. For REDCAP devices, DRX cycle in RRC_INACTIVE can be extended with values rf512 and rf1024.
Additional power saving could be expected by applying large values beyond 10.24s to eDRX cycle in RRC_IDLE. For example, if the traffic pattern of the service has burst transmission, the UE can transmit data during RRC_CONNECTD and monitor paging not so frequently during RRC_IDLE. We suggest to discuss if large eDRX cycles beyond 10.24s could be beneficial for REDCAP devices. Based on this decision, additional works for RAN2 and/or SA2/CT1 such as broadcast message change acquisition, eDRX value negotiation, etc. can be further discussed.
Proposal 3. Discuss whether the maximum value of eDRX cycle in RRC_IDLE could be beyond rf1024 or not.

Referring to LTE operations in TS 24.501, the UE may be configured by upper layers with eDRX cycle. The UE can request the use of eDRX by including the requested eDRX value and receive the negotiated value from the network during Registration procedure. The UE shall use eDRX only if the UE receives the negotiated eDRX from the network. The same behaviour can be applied for NR REDCAP devices in RRC_IDLE. 
Proposal 4. The UE and the network negotiate use of eDRX via NAS signalling during Registration procedure for eDRX (e.g. in RRC_IDLE). 
Proposal 5. RAN2 decision should be confirmed by SA2 and CT1 if one of Proposals 2, 3 and 4 is agreed. 

The UE and the network will support eDRX based on the service types. It is likely that if eDRX in RRC_INACTIVE is configured, eDRX in RRC_IDLE is also configured in the UE. In other words, if the REDCAP devices and/or the network does not support eDRX in RRC_IDLE, eDRX cycle in RRC_INACTIVE may not be configurable with rf512 or rf1024. We suggest to discuss whether support for eDRX in RRC_INACTIVE and RRC_IDLE is dependent or not. 
Proposal 6. Discuss whether the UE not configured with eDRX in RRC_IDLE can be configured with eDRX cycle, rf512 or rf1024, in RRC_INACTIVE.  

If the UE in eDRX mode is configured with paging cycle via RRC signalling and also configured by upper layers, the UE should determine DRX cycle for paging. The UE may operate in eDRX only if the value is configured by upper layers and the cell indicates support for eDRX. Or, the UE may determines the shortest of the upper layer configured eDRX value and PagingCycle received via broadcast in RRC IDLE. In RRC_INACTIVE, ran-PagingCycle also can be considered.  
Proposal 7. Discuss how to determine a paging cycle in RRC_IDLE when the UE has upper layer configured value and default paging cycle received from the network. 
Proposal 8. Discuss how to determine a RAN paging cycle in RRC_INACTIVE when the UE has upper layer configured value, default paging cycle and RAN-PagingCycle.

3.	Conclusion
Based on the discussion, we propose the following: 
Proposal 1. Support eDRX in RRC_INACTIVE and RRC_IDLE for REDCAP devices. The UE and network operations specified in TS 36.304 and TS 24.501 could be a baseline. 
Proposal 2. For REDCAP devices, ran-PagingCycle can be extended with values rf512 and rf1024.
Proposal 3. Discuss the value range of eDRX cycle in RRC_IDLE whether the maximum value could be beyond rf1024 or not.
Proposal 4. The UE and the network negotiate use of eDRX via NAS signalling during Registration procedure for eDRX (e.g. in RRC_IDLE). 
Proposal 5. RAN2 decision should be confirmed by SA2 and CT1 if one of Proposals 2, 3 and 4 is agreed. 
Proposal 6. Discuss whether the UE not configured with eDRX in RRC_IDLE cannot be configured with eDRX cycle, rf512 or rf1024, in RRC_INACTIVE.  
Proposal 7. Discuss how to determine a paging cycle in RRC_IDLE when the UE has upper layer configured value and default paging cycle received from the network. 
Proposal 8. Discuss how to determine a RAN paging cycle in RRC_INACTIVE when the UE has upper layer configured value, default paging cycle and RAN-PagingCycle.

4.	Reference
[1] RP-201386, “Study on support of reduced capability NR devices”, Ericsson, RANP#88e, July 2020.
[2] R2-1903003, “Reply LS on eDRX cycles for CM-CONNECTED with RRC inactive”, Source: CT1, To: SA2, Cc: CT4, RAN2, Xi’an, China, April, 2019.
[3] C1-198979, “5GS NAS extended timers for NB-N1 mode and WB-N1/CE mode devices”, Ericsson, Nokia, Huawei, HiSilicon, Nokia Shanhai Bell, ZTE, November 2019. 

1

3

