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1	Introduction
[bookmark: _Hlk4684939]In RAN3#102, RAN3 briefly discussed the proposal in [1] to change the presence of the Paging DRX IE from “mandatory” to “optional”, to support both cases of the NG-RAN node: (1) the gNB case that uses TS 38.331, in which the Paging DRX IE is mandatory, and (2) the ng-eNB case that uses TS 36.331, in which the Paging DRX IE is optional.
This discussion was marked by the chairman as TBC:
# 59_PagingDRX_presence
-  check RRC vs. Xn
- seems we should keep it M?
(NEC)
To be continued...
This contribution proposes several options to correct above issue. The related CR to TS38.423 is provided in R3-191283.
2	Discussion
[bookmark: _Hlk528073661]According to the TS 38.423, the RAN PAGING message includes the Paging DRX IE which has a mandatory presence:
[bookmark: _Toc525566903]9.1.1.7	RAN PAGING
This message is sent by the NG-RAN node1 to NG-RAN node2 to page a UE.
Direction: NG-RAN node1  NG-RAN node2
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	[rows omitted]
	…
	
	…
	
	…
	…

	Paging DRX
	M
	
	9.2.3.66
	
	YES
	ignore

	RAN Paging Area
	M
	
	9.2.3.38
	
	YES
	reject

	[rows omitted]
	…
	
	…
	
	…
	…


	RRCRelease message
SuspendConfig ::=                   SEQUENCE {
    fullI-RNTI                          I-RNTI-Value,
    shortI-RNTI                         ShortI-RNTI-Value,
    ran-PagingCycle                     PagingCycle,
    ran-NotificationAreaInfo            RAN-NotificationAreaInfo                                    OPTIONAL,   -- Need M
    t380                                PeriodicRNAU-TimerValue                                               OPTIONAL,   -- Need R
    nextHopChainingCount                NextHopChainingCount,
    ...
}
[…]
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}



Similarly, in TS 38.331, the ran-PagingCycle-r15 IE has mandatory presence:

However, according to TS 36.331, the ran-PagingCycle-r15 IE is optional:
	RRCConnectionRelease message
-- ASN1START
[…]
RRC-InactiveConfig-r15::=		SEQUENCE {
	fullI-RNTI-r15					I-RNTI-r15,
	shortI-RNTI-r15					ShortI-RNTI-r15,
	ran-PagingCycle-r15				ENUMERATED {	rf32, rf64, rf128, rf256}	OPTIONAL,	--Need OR
	ran-NotificationAreaInfo-r15	RAN-NotificationAreaInfo-r15		OPTIONAL,	--Need ON
	periodic-RNAU-timer-r15			ENUMERATED {min5, min10, min20, min30, min60,
											min120, min360, min720}		OPTIONAL,	--Need OR
	nextHopChainingCount-r15		NextHopChainingCount	OPTIONAL,	--Need ON
	nonCriticalExtension			SEQUENCE{}		OPTIONAL
}



Hence, in our understanding, in order to support both cases of the NG-RAN node: (1) the gNB case that uses TS 38.331, in which the Paging DRX IE is mandatory, and (2) the ng-eNB case that uses TS 36.331, in which the Paging DRX IE is optional, then the Paging DRX IE in the RAN PAGING message (TS 38.423) should be optional.
Observation 1: the presence of the Paging DRX IE in the RAN PAGING message, in TS 38.423, should be optional.

Moreover, aaccording to the description of Paging DRX (i.e. UE specific DRX) in TS 38.304 (section 7.1), this IE is not always configured by RRC or upper layer, and in this case the NG-RAN will use a default DRX value as Paging DRX: 
[bookmark: _Hlk4516136]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, and a default DRX value broadcast in system information. If UE specific DRX is not configured by RRC or by upper layers, the default value is applied).

[bookmark: _Hlk4687021]However, based on the following definition of the Paging DRX IE (in TS 38.423):
	 IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Paging DRX
	M
	
	ENUMERATED (32, 64, 128, 256, ...)
	



if this IE is not configured by RRC or by upper layers then no Paging DRX IE value will be indicated to the UE. This is because the default DRX is broadcast in system information and the receiving NG-RAN node does not know the default DRX value of the sending NG-RAN node. 
[bookmark: _Hlk4695508]Observation 2: if the Paging DRX IE is not configured by RRC or by upper layers, no Paging DRX value will be sent to the UE, since the receiving NG-RAN node may not know the default DRX value of the sending NG-RAN node.

The following are potential solutions to address the issue caused by the mandatory presence of the Paging DRX IE (in TS 38.423): 
1. change the presence of the Paging DRX IE to optional.
2. add a new IE to indicate that the Paging DRX IE is not available.
3. [bookmark: _Hlk4688323]add a new Default Paging DRX IE, and when this IE is present the Paging DRX IE is ignored.
4. add a coding point “not specified” for the Paging DRX IE, to indicate that the default DRX value is applied for the Paging DRX IE. 
[bookmark: _GoBack]Solutions 1 and 4 have the least impact on Xn signaling. However, we are in favor of solution 4, since it also helps to clarify the behavior of the receiving NG-RAN node when the Paging DRX IE is not specified. Hence, we propose: 
[bookmark: _Hlk4695518]Proposal 1: it is proposed to add a coding point “not specified” for the Paging DRX IE to indicate that this IE is not configured by RRC or upper layer, and that the default DRX value is used as the Paging DRX.
Proposal 2: RAN3 is kindly asked to agree the corresponding CR for TS 38.423 in R3-191283.
[bookmark: _Hlk4690465]3	Conclusions:
The following are the observations and the proposals in this contribution:
Observation 1: the presence of the Paging DRX IE in the RAN PAGING message, in TS 38.423, should be optional.
Observation 2: if the Paging DRX IE is not configured by RRC or by upper layers, no Paging DRX value will be sent to the UE, since the receiving NG-RAN node may not know the default DRX value of the sending NG-RAN node.
Proposal 1: it is proposed to add a coding point “not specified” for the Paging DRX IE to indicate that this IE is not configured by RRC or upper layer, and that the default DRX value is used as the Paging DRX.
Proposal 2: RAN3 is kindly asked to agree the corresponding CR for TS 38.423 in R3-191283.
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5	Annex (TS 38.304)
[bookmark: _Toc535259787] 7.1	Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213 [4]). One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.
In multi-beam operations, the UE can assume that the same paging message is repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.
[bookmark: _967898916][bookmark: _967899918][bookmark: _967900323][bookmark: _968057577][bookmark: _968059040][bookmark: _968059095][bookmark: _968059297][bookmark: _968059420][bookmark: _968059442][bookmark: _968060540][bookmark: _968065686][bookmark: _968484165][bookmark: _968484813][bookmark: _968484821][bookmark: _968485490][bookmark: _968491067][bookmark: _968491141][bookmark: _968493680][bookmark: _969080957][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _981793736]The UE initiates RRC Connection Resume procedure upon receiving RAN initiated paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
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
The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4] and firstPDCCH-MonitoringOccasionOfPO if configured as specified in TS 38.331 [3]. Otherwise, when SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].
[bookmark: _Hlk515815985]When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.
When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols are sequentially numbered from zero starting from the first PDCCH monitoring occasion in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.
NOTE 1:	A PO associated with a PF may start in the PF or after the PF.
NOTE 2:	When SearchSpaceId other than 0 is configured for paging-SearchSpace, the PDCCH monitoring occasions for a PO can span multiple radio frames and multiple periods of the paging search space.
The following parameters are used for the calculation of PF and i_s above:
[bookmark: _Hlk4515202]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, and a default DRX value broadcast in system information. If UE specific DRX is not configured by RRC or by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024
Parameters Ns, firstPDCCH-MonitoringOccasionOfPO, nAndPagingFrameOffset, and the length of default DRX Cycle are signaled in SIB1. The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331 [3].
If the UE has no 5G-S-TMSI, for instance when the UE has not yet registered onto the network, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.
5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [10]. 5G-S-TMSI shall in the formulae above be interpreted as a binary number where the left most bit represents the most significant bit.







