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	Reason for change:
	For PO index (i_s), PEI-O (iPO) and UE_ID based subgroup ID, solutions have been introduced in TS 38.304 to solve the issue caused by state mismatch for RRC_INACTIVE UEs.
However, there still exists ambiguity in the current parameter determination rules and details are analysed below.
1. UE_ID based subgroup ID
For UE_ID based subgroup ID, it is specified that the UE uses the DRX cycle of RRC_IDLE state for calculation as follows.
	[bookmark: _Toc115547502]7.3.2	UE_ID based subgrouping
……
SubgroupID = (floor(UE_ID/(N*Ns)) mod subgroupsNumForUEID) + (subgroupsNumPerPO - subgroupsNumForUEID),
where:
N: number of total paging frames in T, which is the DRX cycle of RRC_IDLE state as specified in clause 7.1



This rule, however, can be ambiguous for RRC_INACTIVE UEs operating in eDRX. 
As highlighted below, in RRC_IDLE state, when eDRX configured by upper layers is longer than 1024 radio frames, the DRX cycle T is only defined inside the CN PTW and undefined outside. This is because RRC_IDLE UEs do not need to monitor POs outside the CN PTW. 
	In RRC_IDLE state, if eDRX is configured by upper layers, i.e., TeDRX, CN, according to clause 7.4:
-	If TeDRX, CN is no longer than 1024 radio frames:
-	T = TeDRX, CN;
-	else:
-	During CN configured PTW, T is determined by the shortest of UE specific DRX value, if configured by upper layers, and the default DRX value broadcast in system information.



However, RRC_INACTIVE UEs need to monitor paging outside the CN PTW, and when using the DRX cycle of RRC_IDLE state to calculate the corresponding UE_ID based subgroup ID, it is not clear what DRX cycle T should be used by the inactive UEs in such a case. 
If different values of T are used by the UE and the network, the UE may not be reachable due to misaligned UE_ID based subgroup IDs for paging.
Therefore, for clarity and simplicity, the UE should use the same DRX cycle T used inside the CN PTW to derive the UE_ID based subgroup ID outside the CN PTW, in order to keep a consistent subgroup ID.
2. PO index
For PO index, regarding the scenario of eDRX longer than 1024 radio frames, it is specified that the RRC_INACTIVE UE uses the same i_s for RRC_IDLE during CN PTW as follows.
	[bookmark: _Toc29245230][bookmark: _Toc37298581][bookmark: _Toc46502343][bookmark: _Toc52749320][bookmark: _Toc124795036]7.1	Discontinuous Reception for paging
……
In RRC_INACTIVE state, if eDRX value configured by upper layers is longer than 1024 radio frames, during CN PTW, the UE shall use the same i_s as for RRC_IDLE state.



There is no description for the case of “outside CN PTW”. One understanding may be that the UE should still use the i_s for RRC_INACTIVE state. However, this will result in the UE calculating different parameters inside and outside the CN PTW.
Therefore, similar to the UE_ID based subgroup ID, it is better to let the UE use a consistent PO index to avoid implementation complexity.
3. PEI occasions
For PEI-O, the condition for RRC_INACTIVE UEs to apply idle parameters is associated with that of the PO index.
	[bookmark: _Toc124795038]7.2.1	Paging Early Indication reception
……
In RRC_INACTIVE state, when the UE uses the same i_s as for RRC_IDLE state as specified in clause 7.1, the UE shall use the same iPO as for RRC_IDLE state. Otherwise, the UE determines the iPO based on the formula defined in clause 10.4a in TS 38.213 [4].



Thus, a similar issue may exist that the UE needs to derive different PEI occasions parameters inside and outside the CN PTW, which causes additional complexity.
However, based on the current rule description for PEI-O, the issue for PEI-O can be solved without spec changes once the rule for PO index described above is clarified.

	
	

	Summary of change:
	1. Clarify in 7.1 that the i_s outside CN PTW used by RRC_INACTIVE UEs is the same as the i_s for RRC_IDLE state inside CN PTW.
2. Clarify in 7.3.2 that the DRX cycle T outside CN PTW used by RRC_INACTIVE UEs to determine the UE_ID based subgroup ID is the same as the DRX cycle T of RRC_IDLE state inside CN PTW.

Impact analysis
Impacted 5G architecture options:
NR Standalone

Impacted functionality:
eDRX, PEI, UE_ID based subgrouping

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Inter-operability: 
If the UE is implemented according to this CR while the network is not, the UE and the network may use different PO indexes, PEI occasions or UE_ID based subgroup IDs, resulting in paging failures.
If the network is implemented according to this CR while the UE is not, the UE and the network may use different PO indexes, PEI occasions or UE_ID based subgroup IDs, resulting in paging failures.

	
	

	Consequences if not approved:
	The DRX cycle used by RRC_INACTIVE UEs operating with  eDRX longer than 1024 radio frames to determine the PO index, PEI occasions and UE_ID based subgroup ID will remain unclear in the specifications, which will cause a mismatch between the UE and the network and thus results in paging failures.
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[bookmark: _Toc46439363][bookmark: _Toc46444200][bookmark: _Toc46486961][bookmark: _Toc52836839][bookmark: _Toc52837847][bookmark: _Toc53006487]START OF CHANGES
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. A L2 U2N Relay UE monitors the paging occasions of its PC5-RRC connected L2 U2N Remote UEs. In this case, the DRX cycle and UE ID mentioned in this clause refer to those of the L2 U2N Remote UE.
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. However, if a L2 U2N Relay UE in RRC_INACTIVE state receives a CN initiated paging for a L2 U2N Remote UE, the L2 U2N Relay UE does not move to RRC_IDLE state.
NOTE 0a:	The L2 U2N Remote UE does not need to monitor the PO in order to receive the paging message.
NOTE 0b:	While the SDT procedure is ongoing in RRC_INACTIVE state, the UE monitors the PO in order to receive only the Short Message as specified in TS 38.331 [3].
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.
If eDRX is not configured as defined in clause 7.4:
-	T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers or provided in PC5-RRC signalling in case of a L2 U2N Relay UE, 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.
In RRC_IDLE state, if eDRX is configured by upper layers, i.e., TeDRX, CN, according to clause 7.4:
-	If TeDRX, CN is no longer than 1024 radio frames:
-	T = TeDRX, CN;
-	else:
-	During CN configured PTW, T is determined by the shortest of UE specific DRX value, if configured by upper layers, and the default DRX value broadcast in system information.
In RRC_INACTIVE state, if eDRX is configured by RRC, i.e., TeDRX, RAN , and/or upper layers, i.e., TeDRX, CN, as defined in clause 7.4:
-	If both TeDRX, CN and TeDRX, RAN are no longer than 1024 radio frames, T = min{TeDRX, RAN, TeDRX, CN}.
-	If TeDRX, CN is no longer than 1024 radio frames and no TeDRX, RAN is configured, T is determined by the shortest of UE specific DRX value configured by RRC and TeDRX, CN.
-	If TeDRX, CN is longer than 1024 radio frames:
-	If TeDRX, RAN is not configured:
-	During CN configured PTW, 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. Outside the CN configured PTW, T is determined by the UE specific DRX value configured by RRC;
-	else if TeDRX, RAN is no longer than 1024 radio frames:
-	During CN configured PTW, T is determined by the shortest of the UE specific DRX value, if configured by upper layers and TeDRX, RAN, and a default DRX value broadcast in system information. Outside the CN configured PTW, T is determined by TeDRX, RAN.
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:
If the UE operates in eDRX as specified in clause 7.4:
-	5G-S-TMSI mod 4096
else:
-	5G-S-TMSI mod 1024
Parameters Ns, nAndPagingFrameOffset, nrofPDCCH-MonitoringOccasionPerSSB-InPO, 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]. The parameter firstPDCCH-MonitoringOccasionOfPO is signalled in SIB1 for paging in the BWP configured by initialDownlinkBWP. For paging in a DL BWP other than the BWP configured by initialDownlinkBWP, the parameter first-PDCCH-MonitoringOccasionOfPO is signaled in the corresponding BWP configuration.
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.
In RRC_INACTIVE state, if the UE supports inactiveStatePO-Determination and the network broadcasts ranPagingInIdlePO with value "true", the UE shall use the same i_s as for RRC_IDLE state. Otherwise, the UE determines the i_s based on the parameters and formula above.
In RRC_INACTIVE state, if eDRX value configured by upper layers is no longer than 1024 radio frames, the UE shall use the same i_s as for RRC_IDLE state.
In RRC_INACTIVE state, if eDRX value configured by upper layers is longer than 1024 radio frames, during CN PTW, the UE shall use the same i_s as for RRC_IDLE state. Outside CN PTW, the UE shall use the same i_s as during CN PTW.
NEXT CHANGE
7.3.2	UE_ID based subgrouping
Paging with UE_ID based subgrouping is used in the cell which supports UE_ID based subgrouping, as described in clause 7.3.0.
If the UE is not configured with a CN assigned subgroup ID, or if the UE configured with a CN assigned subgroup ID is in a cell supporting only UE_ID based subgrouping, the subgroup ID of the UE is determined by the formula below:
SubgroupID = (floor(UE_ID/(N*Ns)) mod subgroupsNumForUEID) + (subgroupsNumPerPO - subgroupsNumForUEID),
where:
N: number of total paging frames in T, which is the DRX cycle of RRC_IDLE state as specified in clause 7.1
Note: For RRC_INACTIVE UEs operating in eDRX configured by upper layers which is longer than 1024 radio frames, outside CN PTW, the UE shall use the same DRX cycle of RRC_IDLE state inside the CN PTW as specified in clause 7.1.
Ns: number of paging occasions for a PF
UE_ID: 5G-S-TMSI mod X, where X is 32768, if eDRX is applied; otherwise, X is 8192
subgroupsNumForUEID: number of subgroups for UE_ID based subgrouping in a PO, which is broadcasted in system information
The UE belonging to the SubgroupID monitors its associated PEI which indicates the paged subgroup(s) as specified in clause 7.2.
END OF CHANGES

