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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#115-e [2], we have reached a lot of agreements on configurations of eDRX, paging mechanism in eDRX and PH/PTW calculation. And this paper will continue to discuss the remaining issues on the PTW configuration for RRC_IDLE and RRC_INACTIVE and the paging mechanisms. 

2. Discussion

2.1. eDRX configuration

2.1.1 Length of eDRX cycle for RedCap UE

lower bound of eDRX cycle length
In RAN2#114-e meeting [3], we have reached a consensus on the lower bound of eDRX cycle as following:

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.
And according to the latest LS from CT1, the following were made on this issue [4]:

	CT1 thanks RAN2 for their LS on lower bound for eDRX cycle length. CT1 would like to provide the following feedback:

· Changing the lower bound to 2.56 seconds for eDRX cycle length for RedCap UEs is feasible from a NAS protocol point of view


It’s also feasible from CT1 perspective that the lower bound changed to 2.56 seconds for eDRX cycle length for RedCap UEs.

Proposal 1: RAN2 to confirm Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. 
upper bound of eDRX cycle length 
For the upper bound of eDRX cycle length for RedCap UE, RAN2 has sent an LS to CT1 and SA2 to ask whether it is feasible from SA2 and CT1 perspective to introduce extended DRX up to 10485.76 s in RRC_IDLE and RRC_INACTIVE. 
And in the last RAN2 meeting, CT1 gave their feedback on this issue [5]:
	CT1 thanks RAN2 for their LS on introducing extended DRX for RedCap UEs.
Extended DRX cycles of up to 10485.76 seconds in RRC_IDLE are already supported since Release 16 for NB-IoT connected to the 5GC. It is feasible to extend this support to RedCap UEs in RRC_IDLE in Release 17.

CT1 could not reach consensus on feedback regarding the feasibility of extending extended DRX in RRC_INACTIVE up to 10485.76 seconds.


Besides in this meeting, SA2 also responds it [6]:
	SA2 would like to thank RAN2 for their LS on introducing extended DRX for RedCap UEs (S2-2105241/R2-2104374).

SA2 would like to provide the following feedback to RAN2:

· 5G System currently supports extended DRX in RRC/CM idle mode in the 5GC/NAS over E-UTRA/NB-IoT (since Rel-16) for eDRX cycles > 10.24s. SA2 has aligned with RAN2 request to support extended DRX in RRC/CM idle mode also for NR for eDRX cycles up to 10485.76 seconds.

· For RRC Inactive, SA2 agreed to support eDRX of up to 10.24s.

· Regarding eDRX extension beyond 10.24s for RRC Inactive, SA2 did not agree to support it in Rel-17 and instead will study potential solutions in Rel-18.


It’s feasible to extend eDRX cycles up to 10485.76s for RedCap UE in RRC_IDLE both from CT1 and SA2 perspective. While for RRC_INACTIVE, CT1 could not reach a consensus on extending the eDRX cycle up to 10485.76s and SA2 suggests support eDRX up to 10.24s. Based on this, we think extending IDLE eDRX cycle up to 10485.76s while extending INACTIVE eDRX cycle up to 10.24s for RedCap UE.
Proposal 2:  Upper bound for eDRX cycle in RRC_IDLE is 10485.76 seconds. 

Proposal 3:  Upper bound for eDRX cycle in RRC_INACTIVE is 10.24 seconds. 
2.1.2  Calculation of PTW start

In the last meeting, we have reached agreements on PH and PTW_end calculation, besides the PTW length and step length has been agreed. 

However, for the PTW_start, there are some different views on it, and the working assumption in the last meeting is as below:

	Working Assumption:

1. When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s

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



SFN = 1024/N* ieDRX, where



ieDRX = floor(UE_ID_H /TeDRX,H) mod N



FFS N = 4 or 8, FFS if N can take other values


Considering INACTIVE eDRX cycle won’t be longer than 10.24s, RAN PTW won’t be introduced hence the formula will be determined not considering the restriction that calculating the PTW starting location so that it is the same for RAN and CN PTW.  Regarding the PTW_start formula, we think N should be 8 for rational utilization of time domain resources. It’s a technically flawed solution setting the N to 4 in LTE since when PTW length is 1.28s, there may be some paging frames won’t be used. In NR, we should avoid the defect rather than just follow it. Hence, Setting N equal to 8 is more reasonable.  

Proposal 4: When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below.
 PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 1024/N* ieDRX,
ieDRX = floor (UE_ID_H /TeDRX, H) mod N

N=8
2.1.3 Impact of multiple beams on PTW

In LTE, the starting point and end point of one PTW are always at the radio frame boundaries. Things are different in NR. In [7], 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 reused directly in NR; otherwise, the PTW may start from the inside of one PO or ends at the inside of another PO, which may cause the paging missing. Since we have agreements on the PH and PTW_end calculation formula, we prefer to solve this issue with solutions introducing no impact to the agreed corresponding formulas. With this in mind, there are some options as following:

Option1 : Enhance the LTE PTW_end definition, if there is PF or PO not entirely in the PTW, the PTW_end should be defiend that covering the last PF in PTW or covering all monitoring occasion of the last PO in PTW.
Option2 : Reusing all LTE PTW calculation formula  and definition as baseline, and enhance the paging monitoring behavior of UE to make UE keep monitoring paging till the end of last PF in the last DRX cycle in PTW or the last monitoring occasion of the last PO in PTW. 
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 otherwise it exists the case that there is no PO in some PFs. 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 calculation in NR. Hence, it is straightforward to use the hashed 5G-S-TMSI for PH and PTW_start calculation in NR since hashed 5G-S-TMSI is correlated with 5G-S-TMSI.
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 

In last meeting, we have discussed the paging monitoring mechanism in eDRX, the paging mechanism for RRC_IDLE UE has been determined. And for RRC_INACTIVE UE, it can be observed that there are two cases which can’t be determined which paging monitoring mechanism should be adopted. In the last meeting, companies have discussed this issue many times, however, the views are still different:
	Agreements online:

1. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:


Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.


Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.

2. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:


Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.


Option 2: T is determined by RAN paging cycle.


The two cases above have a common feature, i.e. INACTIVE eDRX cycle is not configured but IDLE eDRX cycle is configured. According to [8], it can be observed that most companies hold the same views on the above two cases, i.e., both cases follow option1 or option2. The reasons of companies supporting option1(i.e., considering default paging cycle) mainly include:

· When INACTIVE eDRX cycle is not configured, then it’s same with the case in the current specification that no eDRX is configured which the paging mechanism for RRC_INACTIVE UE is that “T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information.”. Hence, we should follow the NR principle that considering default paging cycle.

· If default paging cycle is not considered, then UE may miss SI change notification in RRC_INACTIVE.
And The reasons of companies supporting option2(i.e., not considering default paging cycle) mainly include:
· SI change notification should be same across Idle and Inactive states. When IDLE eDRX is configured, UE in RRC_IDLE won’t consider default paging cycle, and UE in RRC_INACTIVE should follow the same principle.

· These cases have already been determined in LTE. And in LTE we don’t consider default paging cycle, the missing of SI change notification will also occur in LTE but LTE ignores the issue, and in NR we should follow the same principle. 
Per our understanding, Both options seem reasonable and have corresponding reference in legacy paging monitoring behavior. However, option2 is more aligned with LTE principle which may make things simple.  Besides, default paging cycle is used for SI change notification, and when IDLE eDRX cycle is configured, NR UE in RRC_IDLE will not consider default paging cycle based on the agreement in the last meeting, hence the SI change notification will also miss for the UE in NR. From this perspective, when IDLE eDRX is configured, then missing of SI change notification is tolerable for this UE.  Hence, we think even in RRC_INACTIVE state, the UE which is configured with IDLE eDRX cycle is tolerable for missing of SI change notification, hence option 2 is more sensible.

Proposal 7: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shorter of RAN paging cycle and IDLE eDRX cycle.

Proposal 8: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by RAN paging cycle.

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: RAN2 to confirm Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. 
Proposal 2:Upper bound for eDRX cycle in RRC_IDLE is 10485.76 seconds. 

Proposal 3:Upper bound for eDRX cycle in RRC_INACTIVE is 10.24 seconds. 
Proposal 4: When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below.

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

SFN = 1024/N* ieDRX,

ieDRX = floor (UE_ID_H /TeDRX, H) mod N

N=8
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: Hashed 5G-S-TMSI is used for PH and PTW_calculation in NR, the hash algorithm defined in LTE can be reused. 

Proposal 7: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.

Proposal 8: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by the shortest of RAN paging cycle and default paging cycle.
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