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1 Introduction

In RAN#91e meeting, a revised WID on support of RedCap UEs [1] has been approved. In the WID, one of the objectives is to support eDRX for RedCap UEs:

· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
In RAN2#113bis e-meeting, the following agreements were made regarding eDRX.
Agreements:

1. RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)

2. At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)

3. RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).

4. eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC

5. RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.

6. RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX).
In this contribution, we further discuss left open issued on eDRX for RedCap UEs.
2 Discussion

In LTE Rel-13, eDRX was introduced for the purpose of UE power saving. In RRC_IDLE, the maximum value of eDRX cycle is 2621.44 seconds (43.69 minutes). For NB-IoT, the maximum value of eDRX cycle is 10485.76 seconds (2.91 hours). In LTE Rel-16, for LTE-M connected to 5GC, eDRX in RRC INACTIVE has been introduced, and the maximum value of eDRX cycle value in RRC INACTIVE is 10.24s. 

In order to save UE power consumption, especially for some RedCap use cases we aim to support years long battery life, one objective is to support eDRX up to 10485.76 s for both RRC IDLE and RRC INACTIVE for RedCap UEs. 
2.1 eDRX configuration
In LTE, UE may negotiate eDRX parameters including eDRX cycle and PTW with CN. When the UE is released to RRC IDLE, the UE monitors for CN paging based on the eDRX parameters configured by CN. When the UE is released to RRC INACTIVE, the UE could be configured by RAN with a separate RAN eDRX cycle with a value of 5.12s or 10.24s, and the eDRX cycle value configured by RAN should be up to the eDRX cycle configured by CN. The UE in RRC INACTIVE monitors for both CN paging and RAN paging based on both CN eDRX configuration and RAN eDRX cycle. 
In general, for RedCap, eDRX for RRC IDLE could be configured in the same manner as that for LTE-M. That is, eDRX parameters including eDRX cycle and PTW for CN paging should be configured by CN. For UEs in RRC INACTIVE, we have reached the agreement in RAN2#113bis e-meeting that RAN may configure a different DRX cycle for RRC_INACTIVE from that for RRC IDLE. Whether the PTW (e.g. length and starting point) for RRC_INACTIVE and RRC IDLE can be different when eDRX cycles are longer than 10.24s is still FFS.

For the eDRX cycle configuration for RRC INACTIVE, we think one of the restrictions for LTE-M should also apply to RedCap, i.e. the eDRX cycle configured by RAN should be up to the eDRX cycle configured by CN.
Proposal 1 eDRX cycle configured by RAN should be up to the eDRX cycle configured by CN.
Regarding PTW, from UE power saving point of view, the PTWs for CN paging and RAN paging should be overlapped as much as possible, so a common PTW length and the PTW starting point can be used for both CN paging and RAN paging.
Proposal 2 A common PTW length and the PTW starting point is used for both CN paging and RAN paging.

2.2 Minimum value of eDRX cycle
Considering some RedCap UEs should be able to support the reception of emergency broadcast services (e.g. ETWS primary notification) within the required delay budget of 4s which shorter values than 5.12s, the minimum value of DRX cycle, such as 2.56s, have also been studied in SI, and the following candidate options have been captured in TR38.875.

· Option 1: eDRX supports a lower bound of 2.56s
· Option 2: For RedCap UEs, if the NAS configures the UE with a 2.56s DRX UE-specific paging cycle, the RedCap UE follows this DRX cycle even when the RAN paging cycle or default paging cycle is shorter.
· Option 3: gNB can configure 2.56s default broadcasted DRX cycle for those RedCap UEs that need to receive emergency broadcast services and a shorter UE-specific RAN paging cycle can be configured for UEs with tighter latency requirements (e.g. smartphones).

· Option 4: RedCap UEs that need to receive emergency broadcast services do not request to be configured with eDRX, and no specific handling/configuration is required for those UEs.
· Option 5: RedCap UE could request an eDRX configuration while still monitoring for ETWS and CMAS in between the paging occasions.
For option 1 and option 2, since the UE does not need to monitor paging based on default paging cycle or RAN paging cycle, the UE may miss the SI modification if the default paging cycle or RAN paging cycle is shorter than 2.56s.

For option 3, a default broadcasted DRX value of 2.56s is expected, which would bring restriction on network implementation.
For option 4, there is no specification or implementation impact, but the UEs do not benefit from eDRX power saving.
For option 5, network could only page the UE based on UE-specific paging cycle, which is not consistent with legacy paging behaviour.
In our view, an ETWS or CMAS capable Redcap UE should not be expected to be configured with eDRX, i.e., the minimum value of eDRX cycle is kept as 5.12s as LTE and for an ETWS or CMAS capable UE, it may be configured with DRX but should not be configured with eDRX. In this way, no specification impact is needed.

Proposal 3 Use 5.12s as the minimum value of eDRX cycle for RedCap UEs.

Proposal 4 An ETWS or CMAS capable Redcap UE is not expected to be configured with eDRX.
2.3 Paging monitoring in RRC INACTIVE
For a UE in RRC INACTIVE, based on separate eDRX configurations, there may be the following cases:

· Case 1: both CN eDRX cycle and RAN eDRX cycle do not exceed 10.24s

· Case 2: CN eDRX cycle is above 10.24s, and RAN eDRX cycle do not exceed 10.24s

· Case 3: both CN eDRX cycle and RAN eDRX cycle are above 10.24s

For case 1, the UE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle.

For case 2, the same PO monitoring mechanism as LTE can be used. i.e., the UE monitors PO with T, and T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle during the PTW, and by the RAN paging cycle outside the PTW. 
For case 3, there may be three kinds of PTW:

· CN PTW, deriving from CN eDRX cycle and does not overlap with RAN PTW;

· RAN PTW, deriving from RAN eDRX cycle and does not overlap with CN PTW;

· common PTW, i,e., overlapping PTW between CN PTW and RAN PTW

The UE monitors PO with DRX cycle T during PTWs, where T is determined as follows:
· For CN PTW, T is determined by the shortest of CN configured DRX value, and default DRX cycle and RAN paging cycle.
· For RAN PTW, T is RAN paging cycle.

· For common PTW, T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.

Based on above, we propose the following:

Proposal 5 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle do not exceed 10.24s, the UE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle.

Proposal 6 For a UE in RRC INACTIVE, CN eDRX cycle is above 10.24s, and RAN eDRX cycle do not exceed 10.24s, reuse the PO monitoring mechanism as LTE.
Proposal 7 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle are above 10.24s, the UE monitors PO with T during PTW, where T is determined as follows:

· For CN PTW, T is determined by the shortest of CN configured DRX value, and default DRX cycle and RAN paging cycle.

· For RAN PTW, T is RAN paging cycle.

· For common PTW, T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.

3 Conclusion

Based on the discussion above, we propose the following: 
Proposal 8 eDRX cycle configured by RAN should be up to the eDRX cycle configured by CN.
Proposal 9 A common PTW length and the PTW starting point is used for both CN paging and RAN paging.

Proposal 10 Use 5.12s as the minimum value of eDRX cycle for RedCap UEs.

Proposal 11 An ETWS or CMAS capable Redcap UE is not expected to be configured with eDRX.
Proposal 12 
For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle do not exceed 10.24s, the UE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle.

Proposal 13 For a UE in RRC INACTIVE, CN eDRX cycle is above 10.24s, and RAN eDRX cycle do not exceed 10.24s, reuse the PO monitoring mechanism as LTE.
Proposal 14 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle are above 10.24s, the UE monitors PO with T during PTW, where T is determined as follows:

· For CN PTW, T is determined by the shortest of CN configured DRX value, and default DRX cycle and RAN paging cycle.

· For RAN PTW, T is RAN paging cycle.

· For common PTW, T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.
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