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1 Introduction
In the previous RAN2#111-e, the following agreements were made about e-DRX [1]:
	Agreements:

1. RAN2 study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE in this SI. ‎
2. For RRC_INACTIVE, the DRX cycle is extended to 10.24s as baseline. 

Agreements via email - from offline 111:

1. For RRC_IDLE, the DRX cycle is at least extended to 10.24s. FFS on further extension ‎beyond 10.24s.  

2. For RRC_IDLE and/or RRC_INACTIVE, if the NR DRX cycle range is extended beyond 10.24s, the LTE ‎eDRX mechanism beyond 10.24s (e.g., PTW, PH, etc.) is used as baseline when NR eDRX cycle is configured beyond 10.24s. 
FFS:

For RRC_IDLE and/or RRC_INACTIVE, FFS on baseline mechanism when the configured NR eDRX cycle is less or equal to 10.24s


In the meanwhile, the post111-email was hotly being discussed regarding to these issues. In this contribution, we give some general views on e-DRX for Redcap Devices.
2 Discussion
According to what has been agreed in previous RAN2#111-e, RAN2 decided to study e-DRX mechanism for both RRC_IDLE and RRC_INACTIVE in this SI. And people agreed that for RRC_IDLE and/or RRC_INACTIVE, the DRX cycle is extended to 10.24s as baseline. The question is that should the e-DRX cycle be extended beyond 10.24s, and if yes, what should be the maximum value?

Back to the history of LTE e-DRX, RAN2#82 discussed analytical results on e-DRX in [2] and concluded that the DRX cycle less than 10.24s cannot achieve the considerable gain of power saving. So RAN2 considered supporting extended paging DRX cycle beyond 10.24s. With the same reason, it is not so preferred to only introduce e-DRX less than 10.24s for UEs in RRC_IDLE in NR. In the meanwhile, it is clearly captured in the SID [3] that for the massive industrial wireless sensor network (IWSN) use cases with relatively low-end services and small device form factors, it would come with the requirement of several years of battery life. For such devices, maximizing the battery lifetime is crucial and extending the existing long DRX cycle beyond 10.24 seconds seems reasonable.
In addition, eMTC UEs can connect to 5GC and has already supported extended DRX parameters up to 44mins so it is assumed that the e-DRX can be applied to NR for RRC IDLE because it would not be fundamentally different from LTE e-DRX. While for RRC INACTIVE, if we do not support e-DRX for RRC INACTIVE, we need to push UE to RRC IDLE for more power saving thus lose benefits from other features (e.g. Small Data Transmission in R17).
Proposal 1: E-DRX for both RRC_IDLE and RRC_INACTIVE can be considered for Redcap UE power saving.
Regarding to the maximum value, it is noticed that extended DRX cycle in idle provides reasonable power consumption gains until a certain length of cycle (32 or 44mins), after which it saturates as was clearly captured in the simulation results [4]. In addition, eMTC UEs can connect to 5GC and has already supported extended DRX parameters up to 44mins so it is assumed that the e-DRX can be applied to NR for RRC IDLE as the same upper boundary value.
Proposal 2: For RRC_IDLE, the e-DRX cycle can be extended to up to 2621.44s (~44mins).
While for e-DRX in RRC INACTIVE, the e-DRX cycle do not need to be extended beyond 2621.44s as the same reason. And the exact upper boundary value need to be agreed with proper coordination with other WGs (S1/CT1) as there is potential impact due to the NAS retransmission time limitation, We think the upper boundary can be further studied and SA/CT WG should be involved.
Proposal 3: For RRC INACTIVE, the upper boundary value of e-DRX cycle should be determined by S1/CT1.

If P1 is agreed and e-DRX can be introduced in NR in RRC INACTIVE, RAN2 still needs to study how to apply it properly. For e-DRX in RRC_IDLE, UE negotiates with the core network for the e-DRX configuration. UE requests its preferable e-DRX configuration to the MME via NAS message. If accepted, the MME configures the e-DRX to the UE, transparent to eNB. And when MME sends UE the paging message via eNB, the e-DRX configuration (PH, PTW) is provided together. The normal DRX is still required because UE needs to monitor PDCCH with the normal DRX during PTW. And UE uses the shortest of the UE specific DRX cycle negotiated via NAS, and the default DRX cycle in system information in idle mode for CN paging and system information. As for e-DRX in RRC_INACTIVE, same handling as in EPC the AMF will assign the e-DRX configuration (PH, PTW) to the UE for CN paging. As the UE has to receive both RAN paging and CN paging, the first question is whether UE needs to negotiate with the gNB for another e-DRX configuration (PH, PTW) for RAN paging? How does the UE deal with these two e-DRX configurations (PH, PTW)? Will the UE apply the shortest e-DRX cycle or PTW between CN configuration and RAN configuration if UE has to receive both RAN paging and CN paging? What’s UE’s behaviour within and outside of the two PTWs?
Besides, there are some other issues for both RRC_IDLE and RRC_INACTIVE if e-DRX is introduced. Firstly, since H-SFN based paging will be adopted in the RAN, we need to define the H-SFN as new frame structure on top of legacy SFN structure. Also, paging notification mechanism need to be considered if e-DRX cycle is larger than the BCCH modification period. Of cause, the impact on the measurement requirement should involve RAN4.

Proposal 4: RAN2 to discuss more details if e-DRX is introduced:

· For RRC INACTIVE, how UE gets and coordinates the e-DRX configuration (PH, PTW), etc.
· H-SFN based paging;
· Paging notification mechanism;
· The impact on the measurement requirements;

E-DRX is introduced to improve power saving gain by limiting the UE monitoring the PO within the window unless a paging message is successfully received. From a RAN2 point of view a short window configuration should be allowed for the UE for battery consumption purposes. For some Redcap use cases, it would be desirable to minimize or avoid paging messages in the UE. As indicated in the SID, video surveillances are mainly focused on mobile originated (MO), it is inefficient to require the device to wake up periodically to monitor the paging. For the same reasons, MICO (Mobile Initiated Connection Only) has been introduced in 5GC. We need to consider whether we need to adopt such MICO mode for stopping RAN paging in RRC_INACTIVE.
Proposal 5: To consider the MICO mode RRC_INACTIVE for minimizing paging messages further for video surveillances.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 1: E-DRX for both RRC_IDLE and RRC_INACTIVE can be considered for Redcap UE power saving.
Proposal 2: For RRC_IDLE, the e-DRX cycle can be extended to up to 2621.44s (~44mins).
Proposal 3: For RRC INACTIVE, the upper boundary value of e-DRX cycle should be determined by 

S1/CT1.

Proposal 4: RAN2 to discuss more details if e-DRX is introduced:

· For RRC INACTIVE, how UE gets and coordinates the e-DRX configuration (PH, PTW), etc.

· H-SFN based paging;
· Paging notification mechanism;
· The impact on the measurement requirements;

Proposal 5: To consider the MICO mode RRC_INACTIVE for minimizing paging messages further for video surveillances.
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