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1. Introduction
In RAN2#105 Xi’an meeting, RAN2 has agreed to extend the paging cycle up to 10.24 sec. This paper discusses how to extend the paging cycle for UE power saving. 
2. Extending Paging Cycle 
UE-specific DRX cycle is negotiated between UE and NAS during registration procedure. The negotiated DRX cycle is sent to UE in the NAS Registration Accept message. It is also sent to RAN in the NG Paging message for UE in RRC_IDLE and in the UE Context Setup/Modification message for UE RRC_INACTIVE. The call flows for this negotiation procedure are illustrated in Figure 1 and 2.
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Figure 1: UE-Specific Paging Cycle Negotiation
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Figure 2: UE specific paging cycle for RRC_INACTIVE UE
When UE-specific DRX and default paging cycle are inconsistent, per current standard, UE uses the minimal DRX value between the two. This prevents UE from power saving by longer DRX cycle. So, when longer UE-specific DRX cycle is configured by AMF, UE should use the longer UE-specific DRX cycle for paging monitoring. The relevant text in TS38.304 can be updated as follows:
	T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if configured by RRC or upper layers below 512, and a default DRX value broadcast in system information. T is UE specific DRX value, if configured to 512 or 1024 by RRC or upper layers. If UE specific DRX is not configured by RRC or by upper layers, the default value is applied).


Proposal 1.  When UE-specific DRX cycle is configured as 5.12 sec or 10.24 sec in NAS Registration procedure or RRC Release, UE uses it as paging cycle to monitor paging.

In addition to UE-specific paging triggered by UE service, RAN can also send non-UE specific paging for PWS/ETWS, SIB change and (future) MCCH change. The PO/PF is shared by the two kinds of paging. When longer paging cycle is used, those non-UE specific paging for PWS/ETSW etc may experience increased delay. However, we think AMF is capable of knowing UE’s type and its performance requirement for PWS/ETWS. AMF can take those factors, as well as indication from UE on its preferred DRX cycle, into consideration when deciding UE-specific DRX cycle during its negotiation.
Proposal 2.  It is up to AMF to take UE’s type and its PWS/ETWS requirement, as well as indication from UE on its preferred DRX cycle,  into consideration when assigning UE-specific DRX cycle.

The longer paging cycle should be applicable to both RRC_IDLE and RRC_INACTIVE UE. Therefore, the RRC resume message should be extended to support longer DRX cycle too.
Proposal 3.  Extend RAN paging cycle to include 5.12 sec and 10.24 sec for RRC_INACTIVE.
Since this enhancement does not impact the PO/PF calculation formula, LTE eDRX style solution is not needed.
Proposal 4.  PF/PO calculation formula (as defined in 7.1, TS38.304) does not need to be changed.

Below table is the coding of DRX value in NAS (TS 24.501):
Table 9.11.3.2A.1: 5GS DRX parameters information element

	DRX value (bits 4 to 1 of octet 3)
This field represents the DRX cycle parameter 'T' as defined in 3GPP TS 38.304 [28].


	Bits

	4
	3
	2
	1
	

	0
	0
	0
	0
	DRX value not specified

	0
	0
	0
	1
	DRX cycle parameter T = 32

	0
	0
	1
	0
	DRX cycle parameter T = 64

	0
	0
	1
	1
	DRX cycle parameter T = 128

	0
	1
	0
	0
	DRX cycle parameter T = 256

	

	All other values shall be interpreted as "DRX value not specified" by this version of the protocol.
Bits 5 to 8 of octet 3 are spare and shall be coded as zero.

	


As we may see in the able above, DRX cycle greater than 2.56 sec is not supported by current NAS protocol, as well as  NG, Xn and F1 interfaces. To support the extended paging DRX cycles, those interfaces have to be changed by CT1/SA2 and RAN3. 

Proposal 5.  Send LS to CT1/SA2 to request extending UE-specific DRX cycle to include 5.12 sec and 10.24 sec.
Proposal 6.  Send LS to RAN3 to request extending paging cycle in Xn and NG Paging messages to include 5.12 sec and 10.24 sec.

3. Conclusion

Based on above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1.  When UE-specific DRX cycle is configured as 5.12 sec or 10.24 sec in NAS Registration procedure or RRC Release, UE uses it as paging cycle to monitor paging.

Proposal 2.  It is up to AMF to take UE’s type and its PWS/ETWS requirement, as well as indication from UE on its preferred DRX cycle,  into consideration when assigning UE-specific DRX cycle.
Proposal 3.  Extend RAN paging cycle with 5.12 sec and 10.24 sec for RRC_INACTIVE.

Proposal 4.  PF/PO calculation formula (as defined in 7.1, TS38.304) does not need to be changed.

Proposal 5.  Send LS to CT1/SA2 to request extending UE-specific DRX cycle to include 5.12 sec and 10.24 sec.
Proposal 6.  Send LS to RAN3 to request extending paging cycle in Xn and NG Paging messages to include 5.12 sec and 10.24 sec.

Appendix – draft TP

6.1
UE paging procedure based on power saving signal/channel/procedure

The power saving signal/channel related paging is down-prioritized in the study. 
NOTE: It is FFS if further evaluations are required.

Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will not be studied.

When UE-specific DRX cycle is configured as 5.12 sec or 10.24 sec in NAS Registration procedure or RRC Release, UE uses it as paging cycle to monitor paging. It is up to AMF to take UE’s type and its PWS/ETWS requirement, as well as indication from UE on its preferred DRX cycle, into consideration when assigning UE-specific DRX cycle. RAN paging cycle is also extended to include 5.12 sec and 10.24 sec for RRC_INACTIVE. These changes should not have impact on the PF/PO calculation formula defined in 7.1, TS38.304). 
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