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1. Introduction
This paper will discuss the paging miss issue for RRC_INACTIVE state when determine the paging DRX cycle, especially in scenario of state mis-match scenario, and will provide some solutions for this issue.
2. Discussion
1 [bookmark: _Hlk71214478]
2 
2.1 Background
In normal case, when the UE is in RRC_INACTIVE, the UE is in CM-CONNECTED state in the AMF and there is no CN-initiated paging. And the UE needs to monitor CN-initiated paging [1] only when the state mismatch between the UE and the network occurs, i.e. the network releases the connection between RAN and CN for some reasons without notifying the UE. In this case, gNB will release the UE context, so it thinks the UE is in RRC_IDLE state. However, before UE performs RNA update procedure since the release of N2 connection, UE still considers itself in RRC_INACTIVE state. The specific cases when the state mismatch between the UE and the Network can be also found in [2].
It has been agreed in RAN2 [3] that a UE in RRC_INACTIVE is reachable via RAN-initiated paging and CN-initiated paging, which benefits for UE power saving since the UE only need to monitor paging channels during one Paging Occasion per DRX cycle. And UE in RRC_INACTIVE can be configured with a UE specific RAN DRX cycle over RRCRelease message.  
[bookmark: OLE_LINK3]The UE uses the shortest of the CN configured UE specific DRX cycle, the cell broadcasted DRX cycle, and the RAN configured DRX cycle to calculate the PO of RAN-initiated paging. All the DRX cycle values should be multiples of each other and the POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID to achieve the purpose that RAN and CN paging occasions overlap.


Fig.1 Example of RAN and CN paging occasions overlap
[bookmark: _Hlk71202389][bookmark: _Hlk71207714]Observation 1: In NR and LTE, RAN and CN paging occasions are expected to be overlapped with each other.
2.2 The paging missing issue in state mismatch scenario
In NR, according to TS 38.304 [1], 
	a PO is a set of PDCCH monitoring occasions and can consist of multiple time slots where paging DCI can be sent, and one Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.
[bookmark: _Hlk71207632]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 following parameters are used for the calculation of PF and i_s above:
· T: DRX cycle of the UE (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. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
· [bookmark: _Hlk71213065]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


A UE in RRC_INACTIVE should monitor RAN paging according to 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. However, it should monitor CN paging according to the shortest to UE specific DRX value(s), if configured by upper layer, and a default DRX value. 
Observation 2: In NR and LTE, a UE in RRC_INACTIVE may monitor RAN-initiated paging and CN-initiated paging based on different DRX cycles.
[bookmark: _Hlk71206974]One may argue that the UE in RRC_INACTIVE can monitor the CN paging also based on the same DRX value as RAN paging. However, it’s worth noting that the reason why a UE in RRC_INACTIVE needs to monitor CN paging is the state mismatch between the UE and network. In this case, the core network triggers Ng interface release and RAN releases the UE context and thinks the UE is in RRC_IDLE state. There is no reason for RAN to continue to keep the RAN-paging cycle for the UE when it releases the UE context and thinks the UE is in RRC_IDLE state, i.e. RAN doesn’t know the RAN-paging cycle and it’s impossible to send CN paging to the UE based on RAN-paging cycle. Even if the anchor gNB keeps the RAN-paging cycle in state mismatch scenario, the target gNB can’t know the RAN-paging cycle when the CN sends paging message to target gNB. 
As the DRX cycles used to calculate the PO for RAN page and CN page may be different, the design target to make the RAN and CN paging occasions overlap can’t be realized for some UEs (even calculated based on the same UE_ID). Besides, UE in inactive mode only need to monitor one PO in each DRX cycle according to RAN-initiated paging [1]. In this way the UE will miss the CN-initiated paging when there is no overlap between RAN and CN paging occasions when state mismatch happens.
In the following table, we provide an example to show such inconsistence in NR:
Common assumption: 
· PF_offset = 0
· RAN paging cycle = rf32
· UE specific DRX value = rf64
· Default paging cycle = rf128
· Ns=4
· UE_ID = 658
	Calculation for monitoring CN paging
	PF: 18, 82, 146, 210, 274, 338, 402, 466, 530, 594, 658, 722, 786, 850, 914, 978
i_s = floor(UE_ID/N) mod Ns = floor(658/64) mod 4=10 mod 4 =2

	Calculation for monitoring RAN paging
	PF: 18, 50, 82, 114, 146, 178, 210, 242, 274, 306, 338, 370, 402, 434, 466, 498, 530, 562, 594, 626, 658, 690, 722, 754, 786, 818, 850, 882, 914, 946, 978, 1010 
i_s = floor(UE_ID/N) mod Ns = floor(658/32) mod 4=20 mod 4 =0

	It can be seen the PF values calculated for RAN paging contains the PF values calculated for CN paging. But the i_s values calculated for RAN paging rule are totally different from the values calculated for CN paging for UE in RRC_INACTIVE.





Fig.2 The CN and RAN paging occasion for UE_ID=658 based on the above assumption
Observation 3: In NR and LTE, the current formulas to determine PF and PO may cause the issue that RAN and CN paging occasions can’t overlap for some UEs. In case of state mismatch between gNB and UE, there will be problems for UE in inactive mode on paging missing. 
2.3 [bookmark: _Hlk71215102]Potential solutions for paging missing issue 
A method to solve this issue is that for UE monitor paging in RRC_INACTIVE and when determining the RAN paging occasion, the N in the i_s formula should be determined by the shortest of UE specific DRX value(s) configured by upper layers, and a default DRX value broadcast in system information, just be same as the CN paging occasion. It can be expressed by the following formula.
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/N1) mod Ns
Other parameters except N1 have the same meaning as legacy. For the parameter N1:
· N1: N1 is determined by T1, T and N, N1=N*T1/T.
· [bookmark: _Hlk71213932]T1: The value that is shortest of the UE specific DRX value(s), if configured by upper layers, and a default DRX value broadcast in system information.
Fig.3 is based on the above assumption and the modified PO calculation formula. It can be observed that the index of RAN paging occasion in all RAN paging frames will be 2 for UEs whose UE_ID=658, which is overlapped with CN paging occasion. 


Fig.3 The CN and RAN paging occasion for UE_ID=658 based on modified PO calculation formula
Proposal 1: For UEs in RRC_INACTIVE state, DRX cycle used for PO calculation should be determined by the shortest of the UE specific DRX value(s) (if configured by upper layers) and the default DRX value, which is similar as idle mode UEs.
In our understanding, there is already some deployment for Rel-15 network and UEs. The above solutions need some update at both network and UE sides. Thus, in order to keep network deployment flexibility, we should allow network to indicate whether the modified PO calculation in Proposal 1 is supported or not. In this way, an indication should be provided from network, e.g. a new IE POShiftAllowed in SIB1, when the network have been updated to support this PO shifts. In such cell, both network and UE should use the modified formula to calculate the PO for UEs in inactive mode. 
According to the above assumption, the RAN and CN paging occasions of UEs whose UE_ID=658 are shown in Fig.4.



Fig.4 The CN and RAN paging occasions for UE_ID=658 based on the POshift-allowed indication
Proposal 2: Introduce a new indication e.g. a new IE POShiftAllowed in SIB1 to indicate that the cell supports the modified PO calculation. In such cell, both network and UE should use the modified formula to calculate the PO for UEs in inactive mode. 
[bookmark: OLE_LINK2]In current deployment, there are already many Rel-15 (and maybe Rel-16) devices in RRC_INACTIVE monitor paging according to the shortest of the UE specific DRX value(s), if configured by upper layers, UE specific DRX value(s) configured by RRC, and a default DRX value broadcast in system information. If RAN2 adopts the new calculation of PO index according to the above proposal 1, we think it is better to introduce a new UE capability to indicate whether supporting applying the modified formula for PO calculation. Otherwise, network cannot differentiate the legacy UEs not supporting this feature and new UEs supporting this feature. Only after the network knows such capability of UEs, it could send the RAN-initiated paging of the UE according to the modified formula for PO calculation.
When UE moves between cells in RNA, the anchor gNB will coordinate with other gNB in RNA area for the UE capability. 
Proposal 3: A new UE capability should be introduced to indicate whether the UE is capable of supporting the modified PO calculation for RRC_INACTIVE state. 
For legacy UEs that do not support PO adjustment or any UEs in the cells which doesn’t support PO adjustment, we could only rely on the network implementation. There could be two options to address this issue:
[bookmark: _Hlk71225906]Option 1 (Address the issue at RAN node): The gNB/ng-eNB sets the RAN-paging cycle equal to the UE-specific DRX cycle configured by upper layer or default paging cycle for the UEs whose UE_ID will cause the CN-initiated paging miss issue (or for all UEs).
Option 2 (Address the issue at CN): The gNB/ng-eNB sends the RAN-paging cycle and the UE_ID to the Core Network, and the Core Network will store these values until it sends the CN paging to the corresponding UEs. Furthermore, if the CN has stored the RAN-paging cycle for some UEs and it wants to page such UEs, it will send the corresponding RAN-paging cycle to gNB/ng-eNB (especially to non-Anchor gNB/ng-eNB who has not RAN-paging cycle of this UE). The gNB/ng-eNB will send the CN-initiated paging according to the shortest of the UE specific DRX value(s) configured by upper layers, RAN-paging cycle and a default DRX value.
Whether option 2 is feasible or not need to consult with SA2/CT1. Moreover, it will affect the CN behaviour and need cooperation to other WGs. In this way, we slightly prefer option 1.
Proposal 4: RAN2 to discuss whether need a solution to solve the CN-initiated paging missing problem for legacy UEs, e.g. by network implementation solution.
2.4 Text Proposal 
If the above proposals are agreeable, the corresponding text proposals are provided in Annex. Here, we only provide the text proposal based on Rel-16 NR specification. The corresponding CRs (on TS 3x.304/331/306) on LTE and NR for both Rel-15 and Rel-16 should be considered.
Proposal 5: RAN2 to discuss the corresponding CRs (LTE and LTE for both Rel-15 and Rel-16) based on the text proposals in Annex. 
3. Conclusions
In this paper we discuss the CN-initiated paging missing issue in scenario of state mismatch and provide the solutions from UE perspective and Network perspective. We have the following observations and proposals:
[bookmark: _Hlk71275385][bookmark: OLE_LINK1]Observation 1: In NR and LTE, RAN and CN paging occasions are expected to be overlapped with each other.
Observation 2: In NR and LTE, a UE in RRC_INACTIVE may monitor RAN-initiated paging and CN-initiated paging based on different DRX cycles.
Observation 3: In NR and LTE, the current formulas to determine PF and PO may cause the issue that RAN and CN paging occasions can’t overlap for some UEs. In case of state mismatch between gNB and UE, there will be problems for UE in inactive mode on paging missing. 
Proposal 1: For UEs in RRC_INACTIVE state, DRX cycle used for PO calculation should be determined by the shortest of the UE specific DRX value(s) (if configured by upper layers) and the default DRX value, which is similar as idle mode UEs.
Proposal 2: Introduce a new indication e.g. a new IE POShiftAllowed in SIB1 to indicate that the cell supports the modified PO calculation. In such cell, both network and UE should use the modified formula to calculate the PO for UEs in inactive mode. 
Proposal 3: A new UE capability should be introduced to indicate whether the UE is capable of supporting the modified PO calculation for RRC_INACTIVE state. 
Proposal 4: RAN2 to discuss whether need a solution to solve the CN-initiated paging missing problem for legacy UEs, e.g. by network implementation solution.
Proposal 5: RAN2 to discuss the corresponding CRs (LTE and LTE for both Rel-15 and Rel-16) based on the text proposals in Annex. 
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Annex-Text proposal
-----------------------------------------------TP for 38.304 (similar for 36.304)----------------------------------------------
[bookmark: _Toc29245229][bookmark: _Toc37298580][bookmark: _Toc46502342][bookmark: _Toc52749319][bookmark: _Toc60788227]7	Paging
[bookmark: _Toc29245230][bookmark: _Toc37298581][bookmark: _Toc46502343][bookmark: _Toc52749320][bookmark: _Toc60788228]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 assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short 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 and nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured as specified in TS 38.331 [3]. 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*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging 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*X. If X > 1, when the UE detects a PDCCH transmission addressed to P-RNTI within its PO, the UE is not required to monitor the subsequent PDCCH monitoring occasions for this PO.
NOTE 1:	A PO associated with a PF may start in the PF or after the PF.
NOTE 2:	The PDCCH monitoring occasions for a PO can span multiple radio frames. When SearchSpaceId other than 0 is configured for paging-SearchSpace the PDCCH monitoring occasions for a PO can span multiple periods of the paging search space.
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE (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. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T (In RRC_INACTIVE state, the determination of index (i_s) of the PO is based on T’, which is determined by the shortest of the UE specific DRX value(s), if configured by upper layers, and a default DRX value broadcast in system information, if the cell supports pOShiftAllowed.)
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024

-----------------------------------------------TP for 38.306 (similar for 36.306)----------------------------------------------
[bookmark: _Toc12750887][bookmark: _Toc29382251][bookmark: _Toc37093368][bookmark: _Toc37238644][bookmark: _Toc37238758][bookmark: _Toc46488653][bookmark: _Toc52574074][bookmark: _Toc52574160][bookmark: _Toc67919867]4.2.2	General parameters
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	accessStratumRelease
Indicates the access stratum release the UE supports as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	delayBudgetReporting
Indicates whether the UE supports delay budget reporting as specified in TS 38.331 [9].
	UE
	No
	No
	No

	dl-DedicatedMessageSegmentation-r16
Indicates whether the UE supports reception of segmented DL RRC messages.
	UE
	No
	No
	No

	[bookmark: _Hlk39677092]drx-Preference-r16
Indicates whether the UE supports providing its preference of a cell group on DRX parameters for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	inactiveState
Indicates whether the UE supports RRC_INACTIVE as specified in TS 38.331 [9].
	UE
	Yes
	No
	No

	inDeviceCoexInd-r16
Indicates whether the UE supports IDC (In-Device Coexistence) assistance information as specified in TS 38.331 [9].
	UE
	No
	No
	No

	maxBW-Preference-r16
Indicates whether the UE supports providing its preference of a cell group on the maximum aggregated bandwidth for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	maxCC-Preference-r16
Indicates whether the UE supports providing its preference of a cell group on the maximum number of secondary component carriers for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	maxMIMO-LayerPreference-r16
Indicates whether the UE supports providing its preference of a cell group on the maximum number of MIMO layers for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	Yes

	mcgRLF-RecoveryViaSCG-r16
Indicates whether the UE supports recovery from MCG RLF via split SRB1 (if supported) and via SRB3 (if supported) as specified in TS 38.331[9].
	UE
	No
	No
	No

	minSchedulingOffsetPreference-r16
Indicates whether the UE supports providing its preference on the minimum scheduling offset for cross-slot scheduling of the cell group for power saving in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	onDemandSIB-Connected-r16
Indicates whether the UE supports the on-demand request procedure of SIB(s) or posSIB(s) while in RRC_CONNECTED, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	overheatingInd
Indicates whether the UE supports overheating assistance information.
	UE
	No
	No
	No

	partialFR2-FallbackRX-Req
Indicates whether the UE meets only a partial set of the UE minimum receiver requirements for the eligible FR2 fallback band combinations as defined in Clause 4.2 of TS 38.101-2 [3] and Clause 4.2 of TS 38.101-3 [4]. If not indicated, the UE shall meet all the UE minimum receiver requirements for all the FR2 fallback combinations in TS 38.101-2 [3] and TS 38.101-3 [4]. The UE shall support configuration of any of the FR2 fallback band combinations regardless of the presence or the absence of this field.
	UE
	No
	No
	No

	poShiftSupported
Indicates whether the UE support the POShift as defined in TS 38.304 [21].
	UE
	No
	No
	No

	redirectAtResumeByNAS-r16
Indicates whether the UE supports reception of redirectedCarrierInfo in an RRCRelease message in response to an RRCResumeRequest or RRCResumeRequest1 which is triggered by the NAS layer, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	reducedCP-Latency
Indicates whether the UE supports reduced control plane latency as defined in TS 38.331 [9]
	UE
	No
	No
	No

	referenceTimeProvision-r16
Indicates whether the UE supports provision of referenceTimeInfo in DLInformationTransfer message and in SIB9 and reference time information preference indication via assistance information, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	releasePreference-r16
Indicates whether the UE supports providing its preference assistance information to transition out of RRC_CONNECTED for power saving, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	resumeWithStoredMCG-SCells-r16
Indicates whether the UE supports not deleting the stored MCG SCell configuration when initiating the resume procedure.
	UE
	No
	No
	No

	resumeWithStoredSCG-r16
Indicates whether the UE supports not deleting the stored SCG configuration when initiating resume. The UE which indicates support for resumeWithStoredSCG-r16 shall also indicate support for resumeWithSCG-Config-r16.
	UE
	No
	No
	No

	resumeWithSCG-Config-r16
Indicates whether the UE supports (re-)configuration of an SCG during the resume procedure.
	UE
	No
	No
	No

	splitSRB-WithOneUL-Path
Indicates whether the UE supports UL transmission via MCG path and DL reception via either MCG path or SCG path, as specified for the split SRB in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode).
	UE
	No
	No
	No

	splitDRB-withUL-Both-MCG-SCG
Indicates whether the UE supports UL transmission via both MCG path and SCG path for the split DRB as specified in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode).
	UE
	Yes
	No
	No

	srb3
Indicates whether the UE supports direct SRB between the SN and the UE as specified in TS 37.340 [7]. The UE shall not set the FDD/TDD specific fields for this capability (i.e. it shall not include this field in UE-MRDC-CapabilityAddXDD-Mode). This field is not applied to NE-DC.
	UE
	Yes
	No
	No







-----------------------------------------------TP for 38.331 (similar for 36.331) First change----------------------------------------------
[bookmark: _Toc60777125][bookmark: _Toc68015065]–	SIB1
SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. It also contains radio resource configuration information that is common for all UEs and barring information applied to the unified access control.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channels: BCCH
Direction: Network to UE
SIB1 message
-- ASN1START
-- TAG-SIB1-START

SIB1 ::=        SEQUENCE {
    cellSelectionInfo                   SEQUENCE {
        q-RxLevMin                          Q-RxLevMin,
        q-RxLevMinOffset                    INTEGER (1..8)                                              OPTIONAL,   -- Need S
        q-RxLevMinSUL                       Q-RxLevMin                                                  OPTIONAL,   -- Need R
        q-QualMin                           Q-QualMin                                                   OPTIONAL,   -- Need S
        q-QualMinOffset                     INTEGER (1..8)                                              OPTIONAL    -- Need S
    }                                                                                                   OPTIONAL,   -- Cond Standalone
    cellAccessRelatedInfo               CellAccessRelatedInfo,
    connEstFailureControl               ConnEstFailureControl                                           OPTIONAL,   -- Need R
    si-SchedulingInfo                   SI-SchedulingInfo                                               OPTIONAL,   -- Need R
    servingCellConfigCommon             ServingCellConfigCommonSIB                                      OPTIONAL,   -- Need R
    ims-EmergencySupport                ENUMERATED {true}                                               OPTIONAL,   -- Need R
    eCallOverIMS-Support                ENUMERATED {true}                                               OPTIONAL,   -- Need R
    ue-TimersAndConstants               UE-TimersAndConstants                                           OPTIONAL,   -- Need R
    uac-BarringInfo                     SEQUENCE {
        uac-BarringForCommon                UAC-BarringPerCatList                                           OPTIONAL,   -- Need S
        uac-BarringPerPLMN-List             UAC-BarringPerPLMN-List                                         OPTIONAL,   -- Need S
        uac-BarringInfoSetList              UAC-BarringInfoSetList,
        uac-AccessCategory1-SelectionAssistanceInfo CHOICE {
            plmnCommon                           UAC-AccessCategory1-SelectionAssistanceInfo,
            individualPLMNList                   SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AccessCategory1-SelectionAssistanceInfo
        }                                                                                                   OPTIONAL    -- Need S
    }                                                                                                   OPTIONAL,   -- Need R
    useFullResumeID                     ENUMERATED {true}                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                                    OPTIONAL,
    nonCriticalExtension                SIB1-v1610-IEs                                                  OPTIONAL
}

SIB1-v1610-IEs ::=               SEQUENCE {
    idleModeMeasurementsEUTRA-r16    ENUMERATED{true}                                                   OPTIONAL,  -- Need R
    idleModeMeasurementsNR-r16       ENUMERATED{true}                                                   OPTIONAL,  -- Need R
    posSI-SchedulingInfo-r16         PosSI-SchedulingInfo-r16                                           OPTIONAL,  -- Need R
    nonCriticalExtension             SIB1-v1630-IEs                                                     OPTIONAL
}

SIB1-v1630-IEs ::=               SEQUENCE {
    uac-BarringInfo-v1630            SEQUENCE {
        uac-AC1-SelectAssistInfo-r16     SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AC1-SelectAssistInfo-r16
    }                                                                                                   OPTIONAL,  -- Need R
    nonCriticalExtension             SEQUENCE {}                                                        OPTIONAL
}
SIB1-v1641-IEs ::=               SEQUENCE {
    poShiftAllowed-r16     ENUMERATED{supported}                                                   OPTIONAL,  -- Need R
    nonCriticalExtension             SEQUENCE {}                                                        OPTIONAL
}

UAC-AccessCategory1-SelectionAssistanceInfo ::=    ENUMERATED {a, b, c}

UAC-AC1-SelectAssistInfo-r16 ::=     ENUMERATED {a, b, c, notConfigured}

-- TAG-SIB1-STOP
-- ASN1STOP

	SIB1 field descriptions

	cellSelectionInfo
Parameters for cell selection related to the serving cell.

	eCallOverIMS-Support
Indicates whether the cell supports eCall over IMS services as defined in TS 23.501 [32]. If absent, eCall over IMS is not supported by the network in the cell.

	idleModeMeasurementsEUTRA
This field indicates that a UE that is configured for EUTRA idle/inactive measurements shall perform the measurements while camping in this cell and report availability of these measurements when establishing or resuming a connection in this cell. If absent, a UE is not required to perform EUTRA idle/inactive measurements.

	idleModeMeasurementsNR
This field indicates that a UE that is configured for NR idle/inactive measurements shall perform the measurements while camping in this cell and report availability of these measurements when establishing or resuming a connection in this cell. If absent, a UE is not required to perform NR idle/inactive measurements.

	ims-EmergencySupport
Indicates whether the cell supports IMS emergency bearer services for UEs in limited service mode. If absent, IMS emergency call is not supported by the network in the cell for UEs in limited service mode.

	poShiftAllowed
Indicates whether the cell supports the modified PO calculation for UEs in RRC_INACTIVE state, as specified in TS 38.304 [20].

	q-QualMin
Parameter "Qqualmin" in TS 38.304 [20], applicable for serving cell. If the field is absent, the UE applies the (default) value of negative infinity for Qqualmin.  

	q-QualMinOffset
Parameter "Qqualminoffset" in TS 38.304 [20]. Actual value Qqualminoffset = field value [dB]. If the field is absent, the UE applies the (default) value of 0 dB for Qqualminoffset. Affects the minimum required quality level in the cell.

	q-RxLevMin
Parameter "Qrxlevmin" in TS 38.304 [20], applicable for serving cell.

	q-RxLevMinOffset
Parameter "Qrxlevminoffset" in TS 38.304 [20]. Actual value Qrxlevminoffset = field value * 2 [dB]. If absent, the UE applies the (default) value of 0 dB for Qrxlevminoffset. Affects the minimum required Rx level in the cell.

	q-RxLevMinSUL
Parameter "Qrxlevmin" in TS 38.304 [20], applicable for serving cell.

	servingCellConfigCommon
Configuration of the serving cell.

	uac-AccessCategory1-SelectionAssistanceInfo
Information used to determine whether Access Category 1 applies to the UE, as defined in TS 22.261 [25]. If plmnCommon is chosen, the UAC-AccessCategory1-SelectionAssistanceInfo is applicable to all the PLMNs in plmn-IdentityList. If individualPLMNList is chosen, the 1st entry in the list corresponds to the first PLMN in plmn-IdentityList, the 2nd entry in the list corresponds to the second PLMN in plmn-IdentityList and so on. If uac-AC1-SelectAssistInfo-r16 is present, the UE shall ignore the uac-AccessCategory1-SelectionAssistanceInfo.

	uac-AC1-SelectAssistInfo
Information used to determine whether Access Category 1 applies to the UE, as defined in TS 22.261 [25]. The 1st entry in the list corresponds to the first PLMN in plmn-IdentityList, the 2nd entry in the list corresponds to the second PLMN in plmn-IdentityList and so on. Value notConfigured indicates that Access Category1 is not configured for the corresponding PLMN.

	uac-BarringForCommon
Common access control parameters for each access category. Common values are used for all PLMNs, unless overwritten by the PLMN specific configuration provided in uac-BarringPerPLMN-List. The parameters are specified by providing an index to the set of configurations (uac-BarringInfoSetList). UE behaviour upon absence of this field is specified in clause 5.3.14.2.

	ue-TimersAndConstants
Timer and constant values to be used by the UE. The cell operating as PCell always provides this field.

	useFullResumeID
Indicates which resume identifier and Resume request message should be used. UE uses fullI-RNTI and RRCResumeRequest1 if the field is present, or shortI-RNTI and RRCResumeRequest if the field is absent.



	Conditional Presence
	Explanation

	Standalone
	The field is mandatory present in a cell that supports standalone operation, otherwise it is absent.




-----------------------------------------------TP for 38.331 (similar for 36.331) Second change----------------------------------------------

[bookmark: _Toc60777428][bookmark: _Toc68015369]6.3.3	UE capability information elements
[bookmark: _Toc60777491][bookmark: _Toc68015433][bookmark: _Hlk54199415]–	UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [26].
UE-NR-Capability information element
-- ASN1START
-- TAG-UE-NR-CAPABILITY-START

UE-NR-Capability ::=            SEQUENCE {
    accessStratumRelease            AccessStratumRelease,
    pdcp-Parameters                 PDCP-Parameters,
    rlc-Parameters                  RLC-Parameters                                                        OPTIONAL,
    mac-Parameters                  MAC-Parameters                                                        OPTIONAL,
    phy-Parameters                  Phy-Parameters,
    rf-Parameters                   RF-Parameters,
    measAndMobParameters            MeasAndMobParameters                                                  OPTIONAL,
    fdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode                                           OPTIONAL,
    tdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode                                           OPTIONAL,
    fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode                                           OPTIONAL,
    fr2-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode                                           OPTIONAL,
    featureSets                     FeatureSets                                                           OPTIONAL,
    featureSetCombinations          SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,
    lateNonCriticalExtension        OCTET STRING (CONTAINING UE-NR-Capability-v15c0)                      OPTIONAL,
    nonCriticalExtension            UE-NR-Capability-v1530                                                OPTIONAL
}

-- Regular non-critical extensions:
UE-NR-Capability-v1530 ::=               SEQUENCE {
    fdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530                            OPTIONAL,
    tdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530                            OPTIONAL,
    dummy                                    ENUMERATED {supported}                                       OPTIONAL,
    interRAT-Parameters                      InterRAT-Parameters                                          OPTIONAL,
    inactiveState                            ENUMERATED {supported}                                       OPTIONAL,
    delayBudgetReporting                     ENUMERATED {supported}                                       OPTIONAL,
    nonCriticalExtension                     UE-NR-Capability-v1540                                       OPTIONAL
}

UE-NR-Capability-v1540 ::=              SEQUENCE {
    sdap-Parameters                         SDAP-Parameters                                               OPTIONAL,
    overheatingInd                          ENUMERATED {supported}                                        OPTIONAL,
    ims-Parameters                          IMS-Parameters                                                OPTIONAL,
    fr1-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540                             OPTIONAL,
    fr2-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540                             OPTIONAL,
    fr1-fr2-Add-UE-NR-Capabilities          UE-NR-CapabilityAddFRX-Mode                                   OPTIONAL,
    nonCriticalExtension                    UE-NR-Capability-v1550                                        OPTIONAL
}

UE-NR-Capability-v1550 ::=               SEQUENCE {
    reducedCP-Latency                        ENUMERATED {supported}                                       OPTIONAL,
    nonCriticalExtension                     UE-NR-Capability-v1560                                       OPTIONAL
}

UE-NR-Capability-v1560 ::=               SEQUENCE {
    nrdc-Parameters                         NRDC-Parameters                                               OPTIONAL,
    receivedFilters                         OCTET STRING (CONTAINING UECapabilityEnquiry-v1560-IEs)       OPTIONAL,
    nonCriticalExtension                    UE-NR-Capability-v1570                                        OPTIONAL
}

UE-NR-Capability-v1570 ::=               SEQUENCE {
    nrdc-Parameters-v1570                   NRDC-Parameters-v1570                                         OPTIONAL,
    nonCriticalExtension                    UE-NR-Capability-v1610                                        OPTIONAL
}

-- Late non-critical extensions:
UE-NR-Capability-v15c0 ::=               SEQUENCE {
    nrdc-Parameters-v15c0                    NRDC-Parameters-v15c0                                        OPTIONAL,
    partialFR2-FallbackRX-Req                ENUMERATED {true}                                            OPTIONAL,
    nonCriticalExtension                     SEQUENCE {}                                                  OPTIONAL
}

[bookmark: _Hlk54199402]-- Regular non-critical extensions:
UE-NR-Capability-v1610 ::=               SEQUENCE {
    inDeviceCoexInd-r16                     ENUMERATED {supported}                                        OPTIONAL,
    dl-DedicatedMessageSegmentation-r16     ENUMERATED {supported}                                        OPTIONAL,
    nrdc-Parameters-v1610                   NRDC-Parameters-v1610                                         OPTIONAL,
    powSav-Parameters-r16                   PowSav-Parameters-r16                                         OPTIONAL,
    fr1-Add-UE-NR-Capabilities-v1610        UE-NR-CapabilityAddFRX-Mode-v1610                             OPTIONAL,
    fr2-Add-UE-NR-Capabilities-v1610        UE-NR-CapabilityAddFRX-Mode-v1610                             OPTIONAL,
    bh-RLF-Indication-r16                   ENUMERATED {supported}                                        OPTIONAL,
    directSN-AdditionFirstRRC-IAB-r16       ENUMERATED {supported}                                        OPTIONAL,
    bap-Parameters-r16                      BAP-Parameters-r16                                            OPTIONAL,
    referenceTimeProvision-r16              ENUMERATED {supported}                                        OPTIONAL,
    sidelinkParameters-r16                  SidelinkParameters-r16                                        OPTIONAL,
    highSpeedParameters-r16                 HighSpeedParameters-r16                                       OPTIONAL,
    mac-Parameters-v1610                    MAC-Parameters-v1610                                          OPTIONAL,
    mcgRLF-RecoveryViaSCG-r16               ENUMERATED {supported}                                        OPTIONAL,
    resumeWithStoredMCG-SCells-r16          ENUMERATED {supported}                                        OPTIONAL,
    resumeWithStoredSCG-r16                 ENUMERATED {supported}                                        OPTIONAL,
    resumeWithSCG-Config-r16                ENUMERATED {supported}                                        OPTIONAL,
    ue-BasedPerfMeas-Parameters-r16         UE-BasedPerfMeas-Parameters-r16                               OPTIONAL,
    son-Parameters-r16                      SON-Parameters-r16                                            OPTIONAL,
    onDemandSIB-Connected-r16               ENUMERATED {supported}                                        OPTIONAL,
    nonCriticalExtension                    UE-NR-Capability-v1640                                        OPTIONAL
}

UE-NR-Capability-v1640 ::=               SEQUENCE {
    redirectAtResumeByNAS-r16               ENUMERATED {supported}                                        OPTIONAL,
    phy-ParametersSharedSpectrumChAccess-r16  Phy-ParametersSharedSpectrumChAccess-r16                    OPTIONAL,
    nonCriticalExtension                    SEQUENCE {}                                                   OPTIONAL
}
UE-NR-Capability-v1641 ::=               SEQUENCE {
    poShiftSupported-r16               ENUMERATED {supported}                                        OPTIONAL,åååå
    nonCriticalExtension                    SEQUENCE {}                                                   OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode ::=         SEQUENCE {
    phy-ParametersXDD-Diff                  Phy-ParametersXDD-Diff                                        OPTIONAL,
    mac-ParametersXDD-Diff                  MAC-ParametersXDD-Diff                                        OPTIONAL,
    measAndMobParametersXDD-Diff            MeasAndMobParametersXDD-Diff                                  OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode-v1530 ::=    SEQUENCE {
    eutra-ParametersXDD-Diff                 EUTRA-ParametersXDD-Diff
}

UE-NR-CapabilityAddFRX-Mode ::= SEQUENCE {
    phy-ParametersFRX-Diff              Phy-ParametersFRX-Diff                                            OPTIONAL,
    measAndMobParametersFRX-Diff        MeasAndMobParametersFRX-Diff                                      OPTIONAL
}

UE-NR-CapabilityAddFRX-Mode-v1540 ::=    SEQUENCE {
    ims-ParametersFRX-Diff                   IMS-ParametersFRX-Diff                                       OPTIONAL
}

UE-NR-CapabilityAddFRX-Mode-v1610 ::=    SEQUENCE {
    powSav-ParametersFRX-Diff-r16            PowSav-ParametersFRX-Diff-r16                                OPTIONAL,
    mac-ParametersFRX-Diff-r16               MAC-ParametersFRX-Diff-r16                                   OPTIONAL
}

BAP-Parameters-r16 ::=                   SEQUENCE {
    flowControlBH-RLC-ChannelBased-r16       ENUMERATED {supported}                                       OPTIONAL,
    flowControlRouting-ID-Based-r16          ENUMERATED {supported}                                       OPTIONAL
}

-- TAG-UE-NR-CAPABILITY-STOP
-- ASN1STOP
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