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1 Introduction

In RAN2#111e meeting, agreements about eDRX have been made as following:
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:

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

However, whether to support eDRX>10.24s is still an FFS. Email discussion #154 after RAN2#112 meeting was held to discuss eDRX.  Even though the possible mechanism for inactive eDRX has been discussed, this contribution will further discuss the eDRX mechanism for REDCAP UEs in RRC inactive and idle.
2 Discussion
According to the email discussion, the support of the need for eDRX>10.24s in inactive is the majority. The supporter and the opponent list the benefits and issues to be solved for support inactive eDRX>10.24s which will be listed in the TR. And the email discussion recommends extending the eDRX cycle in RRC_INACTIVE beyond 10.24s for REDCAP UEs. The discussion in this contribution is based on the assumption that the eDRX cycle>10.24s in RRC_INACTIVE is supported. 
When the NR eDRX cycle is less than 10.24s, the UE can monitor the paging occasion according to 38.304, i.e. according to the current legacy paging mechanism no matter the UE is in IDLE or INACTIVE state. When the eDRX cycle is configured beyond 10.24s, the LTE eDRX mechanism (e.g. PTW, PH) is used as baseline. When the UE is in idle state, the UE can only receive the CN paging, so the UE can monitor the paging occasion during the PTW like in LTE. But when the UE is in inactive state, the UE can receive both the CN paging and RAN paging, how the UE works according to the eDRX parameters should be discussed.

· Separate or common eDRX parameters
During the email discussion, the common PTW and PH for inactive and idle was supported by majority, and some companies propose to study flexible solutions e.g. to support a shorter eDRX cycle in RRC_INACTIVE than in RRC_IDLE. Here we will discuss the problems brought by supporting different eDRX cycles.

More specifically, we see two related issues:

1. State mismatch:

Similar to R16 cases, there can be state mismatch between the UE and the network. For example, the UE may assume it is in RRC inactive state, however the network assumes it is in RRC idle, (a rare event e.g. caused by UE context lost in gNB). Therefore when the UE is released to inactive state, the UE can receive either RAN paging or CN paging and should therefore monitor both, i.e. it applies the configuration with the shortest eDRX cycle.

In another example, if the UE move to idle state due to some reason e.g it reselects to another RAT and then gets back to the NR cell again, the source gNB may consider the UE is still in inactive. In which case, the UE may need, again, to monitor both the RAN and CN paging, i.e. here as well, it applies the configuration with the shortest eDRX cycle. Then the benefit/motivation of supporting different eDRX cycles is questionable, or some complexity needs to be introduced to cope with these state mismatches.

Another issue with monitoring both CN and RAN paging is when the two eDRX cycles result in different PO monitoring mechanisms, e.g. ≤ 10.24s (w/o PTW) and > 10.24s (w/t PTW). How will UE merge both schemes is unclear and will need to be discussed.

2. RAN-CN negotiation phase: 
As discussed below, there will necessarily be a need to support some parameters exchange / negotiation phase between CN and RAN to select the eDRX parameters for idle and inactive. We think that adding more parameters to select adds complexity to this preliminary phase.

Observation: Different eDRX cycles configured for the UE for inactive and idle, will introduce complexity for RAN or CN when deciding the configuration, will introduce specification effort in addressing how UE merges configurations with and without PTW, and may not bring much benefit if UE anyways needs to monitor the shortest eDRX cycle to cope with state mismatches.
Comparing with shorter eDRX cycle for inactive, only one eDRX cycle applied to both idle and inactive, is the simplest from our perspective.
Proposal 1: RAN2 does not pursue studying the support of different eDRX parameters configurations (even if only the eDRX cycle is different) for idle and inactive.
· Determination of eDRX parameters
In LTE the eDRX parameters are configured by MME to UE via NAS which is transparent to RAN. When the CN pages a UE, the CN sends the eDRX parameters to the target eNB, and the target eNB pages the UE according to these eDRX parameters.

In NR if the UE is released to idle state, the UE can only receive the CN paging, so the eDRX parameters should at least be acknowledged by UE and CN.  Similar to LTE, when the CN pages the UE, the CN sends the eDRX parameters to the gNB, and the target gNB pages the UE according to these eDRX parameters.
However if the UE is released to RRC inactive, the eDRX is used for NR RRC inactive. The UE in inactive can receive both CN paging and RAN paging. If the RAN paging is triggered, the anchor gNB should send the eDRX parameters to other target gNBs to page the UE. If the CN paging is triggered, the CN should send the eDRX parameters to the target gNB to page the UE, so from this perspective, the eDRX configuration should be acknowledged by not only the CN and UE but also by the gNB. If the eDRX parameters are transparent to RAN, the RAN can’t perform the RAN paging according to the eDRX parameters. Meanwhile, if the eDRX parameters are transparent to CN, the CN can’t trigger the other gNB to perform the CN paging according to the eDRX parameters. And whether the UE is released to inactive state, it is decided by the gNB which is transparent to the CN. So in order to support the eDRX used for RRC inactive, the eDRX parameters should be exchanged between the CN and RAN, so that, no matter the UE is released to idle or inactive by RAN, both CN and RAN can trigger the paging according to the eDRX parameters.
Proposal 2: eDRX parameters should be exchanged between CN and RAN to support UE monitoring paging in RRC inactive according to the eDRX configuration.
Considering the eDRX parameters should be shared between the CN and RAN, how to configure the eDRX parameters should be discussed. However which node is responsible for configuring the eDRX cycle in inactive was discussed during the email discussion too, and the TR will capture the pros and cons for 2 different options. 
The first question is which node makes the decision of the eDRX parameters.

· Option 1: CN decides the eDRX parameters
· Option 2: RAN decides the eDRX parameters
In LTE, the UE may request the use of eDRX during an attachment or tracking area updating procedure by including the extended DRX parameters, and the UE and the network may negotiate eDRX parameters during a tracking area updating procedure. The network accepts the request to use the eDRX by providing the extended DRX parameters IE when accepting the attachment or the tracking area updating procedure. It is the CN that makes the decision.

For option 2, some companies commented that when RAN makes the decision it provides flexibility for RAN to configure different eDRX cycle for RRC INACTIVE. However based on the above discussion, separate eDRX cycle couldn’t bring much benefit, so it is not necessary to allow RAN making the decision for separate eDRX for inactive.  Moreover, since the eDRX configuration is very much based on UE’s power profile and traffic type, there is no real RAN-specific aspects to consider so we prefer that CN makes the decision like it is done in LTE. 
Proposal 3: The eDRX parameters should be decided by CN. 
3 Conclusion
This contribution discusses the eDRX mechanism (e.g. PTW, PH) used for NR idle and inactive states, and we propose:
Observation: Different eDRX cycles configured for the UE for inactive and idle, will introduce complexity for RAN or CN when deciding the configuration, will introduce specification effort in addressing how UE merges configurations with and without PTW, and may not bring much benefit if UE anyways needs to monitor the shortest eDRX cycle to cope with state mismatches.
Proposal 1: RAN2 does not pursue studying the support of different eDRX parameters configurations (even if only the eDRX cycle is different) for idle and inactive.
Proposal 2: eDRX parameters should be exchanged between CN and RAN to support UE monitoring paging in RRC inactive according to the eDRX configuration.
Proposal 3: The eDRX parameters should be decided by CN. 
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5 TP
8.3
Extended DRX for RRC Inactive and/or Idle

8.3.1
Description of feature
In LTE connected to EPC, the UE may be configured with an extended DRX (eDRX) cycle. The UE may operate in eDRX only if the UE is configured by NAS and the cell indicates support for eDRX in System Information. Note that there is no System Information indication for NB-IoT. In RRC_IDLE, the eDRX cycle has the maximum value of 2621.44 seconds (43.69 minutes). For NB-IoT the maximum is 10485.76 seconds or 2.91 hours. Hyper SFN (H-SFN) is broadcasted in System Information and incremented by one when SFN wraps around. The Paging Hyperframe (PH) refers to the H-SFN in which the UE starts to monitors for paging during a Paging Time Window (PTW).

From RAN2 perspective, extended DRX can be specified and configured for RedCap UEs so that eDRX cycles at least up to 10.24 seconds can be used in RRC_IDLE and in RRC_INACTIVE states. For RRC_IDLE, the baseline for possible extension of configurable eDRX cycles is up to 2621.44 seconds. Longer values, e.g. 10485.76 seconds can be considered further.  

If extension of the eDRX cycles beyond 10.24 seconds is specified, a feasible extension mechanism is expected to be similar to what is specified for LTE. This mechanism would include the use of H-SFN, PH and PTW. 

For RedCap UEs in RRC_IDLE or RRC_INACTIVE, if the eDRX cycle is less than 10.24 seconds, the paging monitoring configuration does not use PTW and PH. If the configured eDRX cycle is equal to 10.24 seconds in RRC_IDLE, one solution option is that the paging monitoring does not use PTW and PH. 

Editor’s note: RAN2 agreement says: ”For UE in RRC IDLE and eDRX cycle is equal to 10.24s, among the solution options, we start from the assumption that paging monitoring does not use PTW and PH.” Text above can be updated to final form when all options/analysis are present. 
Shorter values than 5.12 seconds for the DRX cycles, such as 2.56 s, can also be considered and studied further. 

Editor’s note: FFS eDRX mechanisms for RRC_IDLE / RRC_INACTIVE and possible RAN2 conclusions and recommendations, updates on above text depending on further progress and text proposals.
eDRX cycle beyond 10.24 seconds should be supported. Only one set of eDRX parameters can be configured, which is common for UE in idle and inactive state.
The eDRX parameters should be decided by CN, and the eDRX parameters should be exchanged between CN and RAN.
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