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1. Introduction
At RAN #91-e, the WID [1] on RedCap was approved.

	-
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 last RAN2#113bits-e[2], it has discussed which node to configure the eDRX for RRC_INACTIVE, the configurations of the eDRX and PTW for idle/inactive, and come to the following agreements: 

	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)
Agreements - via email (from offline [101]):

1. 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).

2. 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


This paper will discuss the FFS about PTW configuration for RRC_IDLE and RRC_INACTIVE and the corresponding paging mechanism. Besides, we will discuss the minimum value allowed for the eDRX cycle.

2. Discussion
2.1. PTW configuration
It has been agreed that CN determines the eDRX cycle for RRC_IDLE while RAN determines the eDRX cycle for RRC_INACTIVE. Besides, according to the WID, the PTW is needed for both RRC_IDLE and RRC_INACTIVE when eDRX cycle>10.24s. In last RAN2 meeting, [3] proposes some options about PTW operation for eDRX cycle>10.24s in RRC_IDLE and RRC_INACTIVE:

Option 1) It is left up to network implementation any coordination on how to decide the PTW configurations for RRC_IDLE and for RRC_INACTIVE (i.e. PTW may be configured same or different).

Option 2) A common PTW configuration is provided for RRC_IDLE and for RRC_INACTIVE.

Option 3) A common PTW_start only is provided for RRC_IDLE and for RRC_INACTIVE (i.e. PTW_end can be different).

Option 4) PTW for RRC_IDLE overlaps with PTW for RRC_INACTIVE, and PTW length for RRC_IDLE can be same or larger than PTW length for RRC_INACTIVE (but not smaller).

Option 5) Other options.

It is common for the above options, all agreed that the PTWs between RRC_IDLE and RRC_INACTIVE should at least have some overlaps with each other for power saving purpose. The main difference between optionos is whether the PTW in RRC_IDLE and RRC_INACTIVE should completely overlap, i.e. have the same PTW_start and PTW length. 

As RAN configures the eDRX for RRC_INACTIVE, it’s reasonable to let RAN also determine PTW for RRC_INACTIVE. RAN2 has agreed that reusing the “CN Assistance Information for RRC_INACTIVE IE”, thus the CN can transmit the PTW information to RAN, RAN can determine and configure the PTW for RRC_INACTIVE based on the CN assistance information. Though RAN may configure the same PTW for RRC_INACTIVE as RRC_IDLE, we prefer to keep the flexibility for RAN to configure a different PTW_start or PTW length for RRC_INACTIVE.

Besides, there is no need to constrain the PTW length for RRC_IDLE to be same or larger than PTW length for RRC_INACTIVE. It is fine to make sure that one PTW is a subset of another PTW. In our view, the UE should monitor the combination of the both PTWs when UE is in RRC_INACTIVE. In this case, UE will not miss CN paging when UE is in RRC_INACTIVE. On the other hand, if UE only monitors the PTW configured by RAN, it may miss CN-initiated paging when PTW configured by CN is longer than PTW configured by RAN.

Proposal 1: PTW for RRC_IDLE overlaps with PTW for RRC_INACTIVE is preferred. But no restriction, such as the two PTWs have the same PTW_start or PTW length, needs to be specified .

Furthermore, RAN2 has agreed that eDRX feature defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC. The PH and PTW_start and PTW_end are given by the following formulae [4]:

The PH is the H-SFN satisfying the following equation:

H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H)

PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:

SFN = 256* ieDRX, where

-
ieDRX = floor(UE_ID_H /TeDRX,H) mod 4

PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:

SFN = (PTW_start + L*100 - 1) mod 1024, where

-
L = Paging Time Window length (in seconds) configured by upper layers

According to the PTW_start formula, the start of the paging window is uniformly distributed across 4 starting points within the paging hyper frame in LTE. And in NR, assuming the RAN can configure the PTW, the PTW_start can have other starting points than SFN=0,256,512,768. This can be achieved by introducing another PTW_start formula for RRC_INACTIVE or introduce an offset into the original formula.

In the following figure, we give an example for the configuration of eDRX for RRC_IDLE and RRC_INACTIVE. The parameter assumption is:

· TeDRX,H for RRC_INACTIVE= 4 H-SFN

· TeDRX,H for RRC_IDLE = 8 H-SFN

· PTW_start for RRC_INACTIVE=128

· PTW_start for RRC_IDLE=256

· PTW length for RRC_INACTIVE=6.4s

· PTW length for RRC_IDLE=7.68s

· RAN paging cycle = rf32

· UE specific DRX value = rf64

· PF_offset = 0

· Ns=4

· UE_ID = 0
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Fig1 Example of eDRX in RRC idle and RRC_INACTIVE

As for the paging mechanism for eDRX above 10.24s, there is a little difference between RRC_IDLE and RRC_INACTIVE. In RRC_IDLE, there is only one available PTW configured by CN, we can reuse the paging operation defined for LTE[4], i.e. during the PTW, the UE monitors paging for the duration of the PTW configure by CN or until a paging message is including the UE’s NAS identity received for the UE based on the shortest of UE specific DRX cycle configured by CN and default DRX cycle, whichever is earlier. And the UE keeps sleep outside the PTW. In RRC_INACTIVE, the UE monitors the longest applicable PTW. The PTW may be divided into two parts or three parts:

· Part 1: PTW configured by CN, not in PTW configured by RAN

· Part2: overlapped PTW configured by RAN and CN

· Part3: PTW configured by RAN, not in PTW configured by RAN

In part1, the UE monitors PO based on the shortest of UE specific DRX cycle, if configured by CN and default DRX cycle; in part2, the UE monitors PO based on the shortest of RAN paging cycle configured by RAN, UE specific DRX cycle if configured by CN and default DRX cycle. In part3, UE monitors PO based on RAN paging cycle configured by RAN.

Same parameters with fig1, the paging mechanism can be described by fig2.
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Fig2 Example of paging mechanism in RRC_INACTIVE

Other parameters are same with Fig1 other than PTW_start for RRC_INACTIVE=256, the paging mechanism can be described by fig3:
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Fig3 Example of paging mechanism in RRC-INACTIVE

Other parameters are same with Fig1 other than PTW_start for RRC_INACTIVE=256 and PTW length for RRC_INACTIVE=7.68s, PTW length for RRC_IDLE=6.40s, the paging mechanism can be described by fig4:
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Fig4 Example of paging mechanism in RRC_INACTIVE

Proposal 2: The paging mechanism for eDRX above 10.24s can be summarized as follows:

· In PTW configured by CN, not in PTW configured by RAN, PO is monitored according to shortest of UE specific DRX cycle, if configured by CN and default DRX cycle.

· In PTW configured by RAN, not in PTW configured by CN, PO is monitored according to RAN paging cycle.

· In overlapped PTW configured by RAN and CN, PO is monitored according to shortest of RAN paging cycle, UE specific DRX cycle if configured by CN and default DRX cycle.

· Outside the PTW, UE does not monitor PO.

2.2. low bound of eDRX

In TR 38.875[6], it has been studied whether the low bound of eDRX cycle can be 2.56 seconds or not. The main motivation to support down to 2.56s is that at least some RedCap UEs should be able to support the reception of emergency broadcast service. However, in our view, configuring the eDRX cycle to be 2.56s has no difference from configuring the UE specific DRX cycle, RAN paging cycle and default DRX cycle all equal to 2.56s. In both methods, the UE can benefit power saving and support emergency services reception, however, the paging delay is restricted to be 2.56s. Hence, there is no need to configure the low bound of eDRX cycle to be 2.56s. We should follow LTE principle that the low bound of eDRX cycle is 5.12s and for RedCap UE having the ETWS, CMAS requirement shouldn’t be configured with eDRX. The other solutions in [6] can also be considered and how to achieve the power saving for the UEs which should receive emergency services can be further study.

Proposal 3: The low bound of eDRX is 5.12s. 

3. Conclusion

In this contribution, the configuration of PTW in RRC_IDLE and RRC_INACTIVE and the paging mechanism for eDRX above 10.24s are discussed. Besides, we also discuss the eDRX low bound. Proposals are summarized as below.

Proposal 1: PTW for RRC_IDLE overlaps with PTW for RRC_INACTIVE is preferred. But no restriction, such as the two PTWs have the same PTW_start or PTW length, needs to be specified.

Proposal 2: The paging mechanism for eDRX above 10.24s can be summarized as follows:

· In PTW configured by CN, not in PTW configured by RAN, PO is monitored according to shortest of UE specific DRX cycle, if configured by CN and default DRX cycle.

· In PTW configured by RAN, not in PTW configured by CN, PO is monitored according to RAN paging cycle.

· In overlapped PTW configured by RAN and CN, PO is monitored according to shortest of RAN paging cycle, UE specific DRX cycle if configured by CN and default DRX cycle.

· Outside the PTW, UE does not monitor PO.

Proposal 3: The low bound of eDRX is 5.12s. 
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