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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#114-e[2], it comes to the following agreements: 

	Agreements via email - from offline 110:
1.Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.

2.It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.

3.When RAN and CN paging coincide in the same PH, the PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
Agreements online:

1.Continue in the next meeting the discussion on how UE is expected to monitor RAN and CN PTW, e.g. whether UE in RRC_INACTIVE monitors for only RAN PTW or both CN and RAN PTW when they overlap


This paper will discuss the PTW configuration for RRC_IDLE and RRC_INACTIVE and the corresponding paging mechanism. 

2. Discussion
2.1. eDRX configuration
2.1.1 eDRX configuration restriction for RRC_INACTIVE
We have agreed that RAN can configure the eDRX cycle for RRC_INACTIVE while CN can configure the eDRX cycle for RRC_IDLE, and both the eDRX cycles can beyond 10.24s for RedCap UEs. However, not all eDRX cycle combinations for RRC_IDLE and RRC_INACTIVE are valid. Table1 summarises the invalid eDRX cycle configurations. 
Table1: Invalid eDRX cycle configurations for RRC_IDLE and RRC_INACTIVE
	Not avaliable eDRX configuration

	Case1
	Configure eDRX for inactive only 

	Case2
	eDRX cycle for idle <eDRX cycle for inactive <=10.24s

	 Case3
	eDRX cycle for inactive>10.24s, eDRX cycle for idle<=10.24s 

	 Case4
	eDRX cycle for inactive >eDRX cycle for idle >10.24s


For Case1, it can be further subdivided into two instances:

· Case 1-1: if only RAN eDRX cycle is configured and no longer than 10.24s
· Case 1-2: if only RAN eDRX cycle is configured and longer than 10.24s

For Case 1-1, UE in RRC_INACTIVE shall monitor both RAN paging and CN paging based on the shortest of UE specific DRX cycle if configured by upper layer, default paging cycle and RAN eDRX cycle. Since RAN eDRX cycle won’t be shorter than others, it will not be used. 
It is expected that UE only monitors paging in RAN PTW when RAN eDRX cycle is configured to be longer than 10.24s, however for Case 1-2, the UE shall monitor CN paging based on the shortest of UE specific DRX cycle if configured by upper layer and default paging cycle outside PTW. Case1 can’t achieve the expected power saving gain while the configuration complexity is raised, hence we think Case1 is invalid.  
Similar to Case 1-1, for Case2, when UE in RRC_INACTIVE the T used for paging monitoring is equal to the shortest of CN eDRX cycle and RAN eDRX cycle, hence RAN eDRX cycle won’t be used. 
Similar to Case 1-2, Case3 and Case4 don’t take full benefits of the configuration, figure1 and figure2 show the possible paging monitoring in Case3 and Case4 respectively. As figures shows, extending RAN eDRX cycle can’t achieve the expected power saving gain when it is longer than CN eDRX cycle. 
Furthermore, in TS23.501, it has been described that NG-RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE’s idle mode eDRX cycle as provided by the AMF in “RRC Inactive Assistance Information”. Therefore, we don’t expend to configure eDRX like Case2 to Case4.
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Fig1 Possible Paging monitor in Case3
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Fig2 Possible Paging monitor in Case4
Proposal 1: eDRX configuration for RAN paging is not configured without eDRX configuration for CN paging.

Proposal 2: CN eDRX cycle should be longer than RAN eDRX cycle.
2.1.2   eDRX configuration for RRC_INACTIVE and RRC_IDLE
Firstly, an additional IE including the paging eDRX parameters in RRC_INACTIVE should be introduced, extending the legacy ran-pagingCycle field as LTE is not enough for RedCap since it was agreed that the eDRX cycle in RRC_INACTIVE can beyond 10.24s and it is up to RAN to configure the length of PTW for RAN paging.  Hence, the paging DRX parameters should be separate from RAN paging cycle and should include RAN eDRX cycle and PTW related parameters.
Proposal 3: Introduce an additional IE for paging eDRX parameters in RRC_INACTIVE.
RAN2 has agreed that 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. The PH and PTW_start and PTW_end in LTE are given by the following formulae [3]:
	The PH is the H-SFN satisfying the following equation:

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

-
T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.

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


It’s obvious that the T eDRX,H  used for PH should be based on the RRC state, that is,  CN eDRX cycle of the UE will be used when calculating the PH for CN paging and RAN eDRX cycle of the UE will be used when calculating the PH for RAN paging.  

If we calculate the PTW_start also based on UE’s RRC state as PH calculation, it can't meet the requirement agreed in the last meeting that when RAN and CN paging coincide in the same PH, the PTW starting locations are the same since the eDRX cycle which releated with PTW_start calculation can be different in RRC_INACTIVE and RRC_IDLE. An example of this issue is below:
	Assuming the eDRX cycle and UE_ID_H of a UE are:
· TeDRX,H for RRC_INACTIVE= 4 H-SFN

· TeDRX,H for RRC_IDLE = 8 H-SFN
· UE_ID_H=21

PTW_start for CN paging:

ieDRX = floor(UE_ID_H /TeDRX,H) mod 4 = 1

SFN_PTW_start_CN = 256* ieDRX   = 256

PTW_start for RAN paging:

ieDRX = floor(UE_ID_H /TeDRX,H) mod 4 = 2
SFN_PTW_start_CN = 256* ieDRX   = 512
It can be observed that when using RAN eDRX cycle and CN eDRX cycle respectively to Calculate the PTW_start for RAN PTW and CN PTW, the PTW_starts may be different.


Two alternatives can be considered on this issue:
Alternative 1 : When calculating the PTW_start for RRC_INACTIVE, the T eDRX,H  always set to CN eDRX cycle of the UE .
Alternative 2 : When calculating the PTW_start for RRC_INACTIVE, the definition of the T eDRX,H  is as follows:
· T eDRX,H  : the RAN eDRX cycle of the UE , If only RAN paging in the PH.

· T eDRX,H  : the CN eDRX cycle of the UE, if RAN and CN paging coincide in the same PH.
We prefer Alternative 1 since it is simple and without other impacts. Alternative 2 requires the UE to maintain two paging monitoring mechanisms . 
Proposal 4: To guarantee the PTW starting locations are the same when RAN and CN paging coincide in the same PH, the eDRX cycle used for PTW_start calculation in RRC_INACTIVE should be the CN eDRX cycle of the UE.
2.1.3   Impact of multiple beams on PTW

In LTE, the start point and end point of one PTW are always at the radio frame boundaries. Things are different in NR. In [5], it raises an issue that due to beam sweeping, one NR PO consists a set of PDCCH monitoring occasions that may span cross radio frame boundary. Hence, the PTW_start and PTW_end calculation formula of LTE cannot be reuse directly in NR; otherwise, it may occur that the PTW starts from the inside of one PO and ends at the inside of another PO, which may cause the paging missing. 
There are some options to solve this problem:

Option1 : Reusing the LTE PTW calculation formula, and if there are one or two PO(s) not entirely in the PTW, the PTW is extended to covers these PO(s).
Option2 : Define new PTW calculation formula for NR 
Option3 : Cover the entire PO if partial of one PO is in the PTW, i.e. PTW_end should extend forward till the last paging PDCCH monitoring occasions of the PO if the PTW_end is inside one PO; and  PTW_start should extend backward to the first paging PDCCH monitoring occasions of the PO if the PTW_start is inside one PO
Option4 : Change the definition of PTW length to N* pagingcycle instead of the specific time duration in seconds, PTW ends in the last paging PDCCH monitoring occasions of the PO of the N* pagingcycle. The definition of pagingcycle can be ffs.
Proposal 5: RAN2 study options for the problem that UE may miss paging message due to part of a “multi-beam” PO may be located outside the PTW.

2.1.3   UE identity for PH and PTW_start calculation
To ensure an even distribution of UE among PFs, the UE_ID used for PH and PTW_start calculation should be not correlated with the one used for PF calculation. Hence, 5G-S-TMSI/IMSI is used for PF calculation in LTE, and hashed 5G-S-TMSI/S-TMSI is used for PH and PTW_start calculation.
	UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH

- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH
Hashed ID is defined as follows:

Hashed_ID is Frame Check Sequence (FCS) for the bits b31, b30…, b0 of S-TMSI or 5G-S-TMSI. 5G-S-TMSI is used for Hashed-ID if the UE supports connection to 5GC and NAS indicated to use 5GC for the selected cell.

S-TMSI = <b39, b38, …, b0> as defined in TS 23.003 [35]

5G-S-TMSI = <b47, b46, …, b0> as defined in TS 23.003 [35].


5G-S-TMSI is still used for PF calculationin NR. Hence, it is straightforward to use the hashed 5G-S-TMSI for PH and PTW_start calculation in NR.
Proposal 6: Hashed 5G-S-TMSI is used for PH and PTW_calculation in NR, the hash algorithm defined in LTE can be reused. 

2.2. Paging monitoring mechanism in extended DRX 
Table2 provides the available eDRX cycle configuration for RRC_IDLE and RRC_INACTIVE. 
Table2: Avaliable eDRX cycle configurations for RRC_IDLE and RRC_INACTIVE
	Avaliable eDRX configuration

	Case1
	Configure eDRX for idle only and eDRX cycle for idle<=10.24s

	Case2
	Configure eDRX for idle only and eDRX cycle for idle>10.24s

	 Case3
	eDRX cycle for idle>10.24s, eDRX cycle for inactive<=10.24s

	Case4
	eDRX cycle for inactive <=eDRX cycle for idle<=10.24s

	 Case5
	eDRX cycle for idle>eDRX cycle for inactive>10.24s


When eDRX cycle is not longer than 10.24s, paging monitoring does not use PTW and PH and UE monitors paging as described in TS 38.304[4]:
	the PF and PO for paging are determined by the following formulae:

SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

Index (i_s), indicating the index of the PO is determined by:

i_s = floor (UE_ID/N) mod Ns


And when eDRX cycle is longer than 10.24s, paging monitoring will use PTW and PH and UE monitors paging as described in 2.1.2.
We will further analyse the specific paging mechanism i.e. the T eDRX,H  and/or T based on the cases in table2. And RAN2 has identified an issue that the T may be different for a UE in RRC_IDLE and RRC_INACTIVE, hence it may occur paging missing issue in RRC_INACTIVE state accoding to the current specification. Since the issue is under discussion, the T in this chapter is only used for PF calculation and the T used for PO calculation will wait for resolution of the disscussion.
Case1: Configure eDRX for idle only and eDRX cycle for idle<=10.24s
When eDRX cycle is no longer than 10.24s, the paging monitoring does not use PTW and PH. Then the paging monitoring is determined by the T, and the T in RRC_IDLE and RRC_INACTIVE state is as follow:
· In RRC_IDLE state, UE only monitors CN paging and the network send CN paging based on CN eDRX cycle, hence T=CN eDRX cycle. 
· In RRC_INACTIVE state, UE monitors both CN paging and RAN paging, and the network will send CN paging based on CN eDRX cycle and send RAN paging based on RAN paging cycle, besides RAN paging cycle would be no longer than CN eDRX cycle, therefore, UE should monitor paging according to the shortest paging cycle, i.e. RAN paging cycle, hence T=RAN paging cycle

Proposal 7: If configuring eDRX for idle only and eDRX cycle for idle<=10.24s, in RRC_IDLE state, the T is determined by CN eDRX cycle, and in RRC_INACTIVE, the T is determined by RAN paging cycle
Case2: Configure eDRX for idle only and eDRX cycle for idle>10.24s
When eDRX cycle is longer than 10.24s, paging monitoring shall use PTW and PH and the paging monitoring mechanism in this case has already been specified in LTE[3]. For RRC_IDLE UE, the paging monitoring mechanism is:
A UE configured with eDRX monitors POs as defined in 7.1 (i.e, based on the upper layer configured DRX value and a default DRX value determined in 7.1 or if the UE is in RRC-INACTIVE based on the upper layer configured DRX value, default DRX cycle and RAN paging cycle determined in 7.1), during a periodic Paging Time Window (PTW) configured for the UE or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.
For RRC_INACTIVE UE, the paging monitoring mechanism is:
In RRC_INACTIVE state if extended DRX is configured by upper layers according to 7.3:

-
If a UE specific extended DRX value other than 512 radio frames is configured:

-
During the PTW, T is determined by the shortest of the RAN paging cycle, if configured, the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. Outside the PTW, T is determined by the RAN paging cycle, if configured.
The paging monitoring mechanism from LTE can be used as a baseline for RedCap UE in NR.
Case3
eDRX cycle for idle>10.24s, eDRX cycle for inactive<=10.24s
It can be observed that Case 3 is similar to case 2, both using PH and PTW in RRC_IDLE and using idle PH and idle PTW in RRC_INACTIVE, hence the paging monitoring mechanism in case 2 and case 3 can be summarized as follow:
Proposal 8: If CN eDRX cycle >10.24s and there is no RAN eDRX configured or RAN eDRX cycle<=10.24s, for RRC_IDLE UE:

· T is determined by the UE specific paging cycle, if configured by upper layer and a default paging cycle during a periodic PTW configured for the UE or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.
· And the UE is not required to monitor paging outside PTW.

For RRC_INACTIVE UE, the UE monitors POs as follow:

· During the PTW, T is determined by the shortest of the RAN paging cycle (if configured and RAN eDRX cycle which is no more than 10.24s is not configured) or RAN eDRX cycle (if configured), the UE specific paging cycle, if allocated by upper layers, and the default paging cycle.

· Outside the PTW, T used for PF calculation is determined by the RAN paging cycle (if configured and RAN eDRX cycle which is no more than 10.24s is not configured), or RAN eDRX cycle, if configured.
Case4
eDRX cycle for inactive <=eDRX cycle for idle<=10.24s

In this case, both RRC_IDLE and RRC_INACTIVE don’t need PH and PTW. UE in RRC_IDLE monitors paging based on the CN eDRX cycle, and since UE in RRC_INACTIVE should monitor RAN paging and CN paging, UE monitors paging based on the shortest of RAN eDRX cycle and CN eDRX cycle.

Proposal 9: If eDRX cycle for idle<=10.24s and eDRX cycle for inactive<=10.24s, for RRC_IDLE UE, the T is determined by CN eDRX cycle, and in RRC_INACTIVE, the T is determined by the shortest of RAN eDRX cycle and CN eDRX cycle.
Case5
eDRX cycle for idle>eDRX cycle for inactive>10.24s
In Case5, both eDRX cycle for idle and inactive are longer than 10.24s. There is a little difference between RRC_IDLE and RRC_INACTIVE when both eDRX beyond 10.24s. For RRC_IDLE UE, there is only one available PTW configured by CN, we can reuse the paging monitoring mechanism specified in LTE [3], i.e as proposal 8 specified for RRC_IDLE state.  
Since in last meeting RAN2 has agreed that it is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length and when RAN and CN paging coincide in the same PH, the PTW starting locations are the same. Besides, as we have assumed, the CN eDRX cycle will be always  longer than RAN eDRX cycle. Hence the CN PTW will always occur with RAN PTW, and overlap with RAN PTW while the RAN PTW can occur alone. 

In RRC_INACTIVE, The UE need to monitor CN PTW and RAN 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, UE only monitors CN paging so UE monitors PO based on the shortest of UE specific DRX cycle, if configured by upper layer and default paging cycle; in part2, UE monitors both CN paging and RAN paging so UE monitors PO based on the shortest of RAN paging cycle, UE specific DRX cycle if configured by upper layer and default paging cycle. In part3, UE only monitors RAN paging so UE monitors PO based on RAN paging cycle configured by RAN.
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 length for RRC_INACTIVE=5.12s

· PTW length for RRC_IDLE=7.68s

· RAN paging cycle = rf32

· UE specific DRX value configured by upper layer= rf64

· Default paging cycle value = rf64
· PF_offset = 0

· Ns=4

· UE_ID=0

Assuming the CN PTW start = RAN PTW start =256 by calculation, the paging mechanism can be described by fig3:
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Fig3 Example of paging mechanism in RRC-INACTIVE

Proposal 10: If eDRX cycle for idle>10.24s and eDRX cycle for inactive>10.24s:
· In PTW configured by CN, not in PTW configured by RAN, T is monitored by the shortest of UE specific DRX cycle, if configured by upper layer and default paging cycle.

· In PTW configured by RAN, not in PTW configured by CN, T is monitored by RAN paging cycle.

· In overlapped PTW configured by RAN and CN, T is monitored by the shortest of RAN paging cycle, UE specific DRX cycle if configured by upper layer and default paging cycle.

· Outside the PTW, UE does not monitor PO.

3. Conclusion

In this contribution, the configuration of PTW in RRC_IDLE and RRC_INACTIVE and the paging mechanism are discussed. Proposals are summarized as below.
Proposal 1: eDRX configuration for RAN paging is not configured without eDRX configuration for CN paging.

Proposal 2: CN eDRX cycle should be longer than RAN eDRX cycle.
Proposal 3: Introduce an additional IE for paging eDRX parameters in RRC_INACTIVE.
Proposal 4: To guarantee the PTW starting locations are the same when RAN and CN paging coincide in the same PH, the eDRX cycle used for PTW_start calculation in RRC_INACTIVE should be the CN eDRX cycle of the UE.

Proposal 5: RAN2 study options for the problem that UE may miss paging message due to part of a “multi-beam” PO may be located outside the PTW.

Proposal 6: Reuse the UE_ID_H in LTE for PH and PTW_calculation in NR. 

Proposal 7: If configuring eDRX for idle only and eDRX cycle for idle<=10.24s, in RRC_IDLE state, the T is determined by CN eDRX cycle, and in RRC_INACTIVE, the T is determined by RAN paging cycle
Proposal 8: If CN eDRX cycle >10.24s and there is no RAN eDRX configured or RAN eDRX cycle<=10.24s, for RRC_IDLE UE:

· T is determined by the UE specific paging cycle, if configured by upper layer and a default paging cycle during a periodic PTW configured for the UE or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.
· And the UE is not required to monitor paging outside PTW.

For RRC_INACTIVE UE, the UE monitors POs as follow:

· During the PTW, T is determined by the shortest of the RAN paging cycle (if configured and RAN eDRX cycle which is no more than 10.24s is not configured), the UE specific paging cycle, if allocated by upper layers, and the default paging cycle.

· Outside the PTW, T used for PF calculation is determined by the RAN paging cycle (if configured and RAN eDRX cycle which is no more than 10.24s is not configured), or CN eDRX cycle, if configured.
Proposal 9: If eDRX cycle for idle<=10.24s and eDRX cycle for inactive<=10.24s, for RRC_IDLE UE, the T is determined by CN eDRX cycle, and in RRC_INACTIVE, the T is determined by the lowest of RAN eDRX cycle and CN eDRX cycle.
Proposal 10: If eDRX cycle for idle>10.24s and eDRX cycle for inactive>10.24s:
· In PTW configured by CN, not in PTW configured by RAN, T is monitored by the shortest of UE specific DRX cycle, if configured by upper layer and default paging cycle.

· In PTW configured by RAN, not in PTW configured by CN, T is monitored by RAN paging cycle.

· In overlapped PTW configured by RAN and CN, T is monitored by the shortest of RAN paging cycle, UE specific DRX cycle if configured by upper layer and default paging cycle.

· Outside the PTW, UE does not monitor PO.
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