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Introduction
The following two topics are discussed in this contribution:
· PEI in lastUsedCellOnly
· RILs related to subgrouping (O356, O357, X107, Z052)
[bookmark: _Toc242573354]Background
PEI in lastUsedCellOnly
The following agreements were reached for PEI in lastUsedCellOnly:
UE is configured to monitor PEI, either only in the last used cell or any other cells (after cell reselection). FFS how the configuration is provided in [SI, RRCRelease, or NAS message].
Network indicates whether UE monitors PEI in last used cell in system information.
A PEI-capable UE stores its “last used cell” information. FFS on how to capture this in the specifications.
Do not introduce an associated timer for the “last used cell” information stored by UE.
The “lastUsedCellOnly” indication is a cell-level configuration and there is no per-subgroup indication.
Introduce a one-bit indication of lastUsedCellOnly in PEI-Config.
RAN2 clarifies the meaning of “last used cell only”: When a cell broadcasts “last used cell only”, a UE monitors PEI only if its last connection was released by this cell.
RAN2 asked two questions about PEI in lastUsedCellOnly to RAN3 [1]: 
· Question 1: Whether the mismatched understanding about the ‘last used cell’ between UE and NW still exists in NR, if so, whether the LTE method (i.e. to introduce ‘no last cell update’ indication in RRCRelease Message) can be reused?
· Question 2: Whether this problematic scenario can be avoided or needs to be resolved through signaling?
SA2 replied that RAN2/RAN3 can further discuss the topic of PEI in last used cell [2]: 
RAN2 and RAN3 can decide about PEI and UE Subgrouping support in the last cell, however SA2 does not expect to discuss or introduce any further Core Network changes for it. 
RAN3 indicated to have introduced the appropriate signalling to support PEI/subgrouping [3]:
PEIPS Assistance Information into PAGING message and Core Network Assistance Information for RRC INACTIVE IE over NGAP, and introduce PEIPS Assistance Information into Xn/F1 paging message. The UEID based subgrouping support information and last used cell information are also added into F1AP paging message.
RAN3 will discuss the RAN2 questions in RAN3#116-e [4-9]. 
In LTE a WUS capable eNB provides the last used cell information to the MME/AMF, and when noLastCellUpdate is present in the RRCConnectionRelease message the UE does not update lastUsedCell info: 
36.300
When (G)WUS is used in RRC_IDLE, the following are applicable:
-	The UE monitors (G)WUS only in the last used cell as defined in TS 36.304 [11];
…
-	To reduce WUS use in cells not monitored by the UE, WUS-capable (ng-)eNBs provide UE's last used cell information to MME/AMF in the S1-AP/NG-AP UE Context Release Complete or UE Context Suspend Request messages for all UEs, as described in TS 23.401 [17] and TS 23.501 [82]. In case of immediate suspension of a UE, the WUS-capable ng-eNB also provides the UE's last cell information to the AMF in the UE Context Resume Request message, as described in TS 23.501 [82].
36.331
RRCConnectionRelease-v15b0-IEs ::=	SEQUENCE {
	noLastCellUpdate-r15				ENUMERATED {true}		OPTIONAL,	-- Need OP
	noLastCellUpdate
Presence of the field indicates that the last used cell for (G)WUS shall not be updated.


Discussion
PEI and lastUsedCellOnly
The UE and NW have to be synced whether to use PEI during paging, otherwise the UE may monitor a PEI occasion when the NW does not transmit PEI. The other way around does not cause any inter-operability problem. 
RAN3 will discuss the RAN2 questions [4-9] and RAN2 should wait for their reply. Nevertheless below some further observations are made.
It is optional for a gNB to signal the "lastvisitedcell" info in the context release (see Recommended Cells for Paging in the appendix), but for the use of PEI in lastUsedCellOnly to work the CN needs to be updated with the "lastvisitedcell" of the UE:
Observation 1: A gNB supporting PEI/subgrouping should send "lastvisitedcell" info in the context release for a UE supporting PEI/subgrouping.
A PEI/subgrouping capable gNB is a gNB supporting UE-ID based subgrouping and/or CN based subgrouping (in case the gNB does not support subgrouping one UE-ID based subgroup is configured). A PEI/subgrouping capable UE is a UE supporting the AS UE capability pei-SubgroupingSupportBandList in one or more bands. The UE can in addition optionally support CN-based subgrouping (via PEI) indicated with NAS 5GMM capability "NR paging subgroup support indication" (NR-PSSI) bit. Subgroup info can only be sent via PEI, i.e. when UE supports subgrouping, the UE supports PEI. 
In LTE an explicit indication noLastCellUpdate was added to the RRCRelease message for the (exceptional) case when the CN is not updated with the "lastvisitedcell" info (e.g. gNB overload):
Observation 2: If there are use cases where the gNB does not send "lastvisitedcell" info in the context release then an explicit indication in the RRCRelease is needed to avoid a possible mismatch.
A PEI/subgrouping capable UE updates the stored "lastvisitedcell" info when receiving the RRCRelease message without noLastCellUpdate. Independent from the exact outcome of the RAN3 discussion it would be good to clearly capture the expected UE behavior for updating the stored information about "lastvisitedcell". The current descriptions in 38.300 and 38.304 are not perfectly aligned and perhaps redundant, see appendix:
38.300:
-	PEI monitoring can be limited via system information to the cell in which its last connection was released;
38.304:
If lastUsedCellOnly is configured in system information of a cell, the UE monitors PEI only in the cell if the UE most recently entered RRC_IDLE or RRC_INACTIVE states in this cell. Otherwise, the UE monitors PEI in the camped cell regardless of
In case the RRC connection establishment and release are successful, and the CN is always updated during the context release, then the UE and NW remain in perfect sync about the "lastvisitedcell" (aka anchor gNB). This also applies to periodic RNA update, where the UE typically is immediately released again. 
In 38.300 successful and unsuccessful completion of the SDT procedure are described: 
Once initiated, the SDT procedure is either:
-	successfully completed after the UE is directed to RRC_IDLE (via RRCRelease) or RRC_INACTIVE (via RRCRelease or RRCReject) or to RRC_CONNECTED (via RRCResume or RRCSetup); or
-	unsuccessfully completed upon cell re-selection, expiry of the SDT failure detection timer, a MAC entity reaching a configured maximum PRACH preamble transmission threshold, an RLC entity reaching a configured maximum retransmission threshold, or expiry of SDT-specific timing alignment timer while SDT procedure is ongoing over CG and the UE has not received a response from the network after the initial PUSCH transmission.
Upon unsuccessful completion of the SDT procedure, the UE transitions to RRC_IDLE.
When the SDT procedure is unsuccessfully completed there is no update of "lastvisitedcell" in neither UE nor NW. 
There can be SDT with and without UE context relocation (anchor gNB relocation). When the UE context is not relocated during SDT then the gNB can set the noLastCellUpdate in the RRCRelease message to prevent a possible mismatch:
Observation 3: gNB can set noLastCellUpdate in the RRCRelease message when there is SDT without UE context relocation.
It is assumed that when the SDT procedure is successfully completed with RRCReject that there is no UE context relocation: 
Assumption 1: When SDT is successfully completed with RRCReject message then there is no UE context relocation.
RILs O356/O357/X107 (subGroupConfig presence) and Z052 (subgroupsNumForUEID absense)
38.212
7.3.1.3.8	Format 2_7
DCI format 2_7 is used for notifying the paging early indication and TRS availability indication for one or more UEs.  
[bookmark: OLE_LINK59]The following information is transmitted by means of the DCI format 2_7 with CRC scrambled by PEI-RNTI:
[bookmark: OLE_LINK14]-	Paging indication field –  bit(s), where
[bookmark: OLE_LINK54]-	 is the number of paging occasions configured by higher layer parameter PONumPerPEI as defined in Clause 10.4A in [5, TS 38.213];
-	is the number of sub-groups of a paging occasion configured by higher layer parameter subgroupsNumPerPO, if subgroupsNumPerPO is configured; otherwise  is set to 1.
-	Each bit in the field indicates one UE subgroup of a paging occasion if subgroupsNumPerPO is configured; otherwise each bit in the field indicates the UE group of a paging occasion.
-	TRS availability indication – 1, 2, 3, 4, 5, or 6 bits if TRS-ResourceSetConfig is configured; 0 bits otherwise.
The size of DCI format 2_7 is indicated by the higher layer parameter payloadSizeDCI_format2_7, according to Clause 10.4A of [5, TS 38.213]. The number of information bits in format 2_7 shall be equal to or less than the payload size of format 2_7. If the number of information bits in format 2_7 is less than the size of format 2_7, the remaining bits are reserved.
38.213
10.4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
…
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided.
38.331:
DownlinkConfigCommonSIB ::=     SEQUENCE {
…
    pei-Config-r17                  PEI-Config-r17              OPTIONAL,     -- Need R
…
PEI-Config-r17 ::=                        SEQUENCE {
…
    subgroupConfig-r17                        SubgroupConfig-r17,
…
SubgroupConfig-r17 ::=     SEQUENCE {
    subgroupsNumPerPO-r17      INTEGER (1.. maxNrofPagingSubgroups-r17),
    subgroupsNumForUEID-r17    INTEGER (1.. maxNrofPagingSubgroups-r17)     OPTIONAL,  -- Need R
    ...
}
	SubgroupConfig field descriptions

	subgroupsNumPerPO
Total number of subgroups per Paging Occasion (PO) for UE to read subgroups indication from physical-layer signaling The field represents the sum of CN-assigned and UEID-based subgroups supported by the network.

	subgroupsNumForUEID
Number of subgroups per Paging Occasion (PO) for UE to read subgroups indication from physical-layer signaling, for UEID-based subgrouping method. When present, the field is set to an integer smaller than or equal to subgroupsNumPerPOs. subgroupsNumPerPO equals to subgroupsNumForUEID when the network does not support CN-assigned subgrouping. The field is absent when the network does not support UEID-based subgrouping. Both this field and subgroupsNumPerPO are equal to 1 when the network does not support subgrouping.


If pei-Config is present in SIB1, then subgroupConfig is present as well. The subgroupConfig includes the total number of subgroups (subgroupsNumPerPO), and optionally the number of UE-ID based subgroups (subgroupsNumForUEID).
When only PEI is configured and subgrouping is not used, then subgroupsNumPerPO = subgroupsNumForUEID = 1, i.e. there is one subgroup which is also set to 1 when PEI is transmitted. When subgroupsNumForUEID is absent, then only CN based subgrouping is used: 
Proposal 1: Clarify that subgroupsNumPerPO is > 1, when subgroupsNumForUEID is absent.
The RAN1 and RAN2 specification are not aligned: RAN1 assumes that when the number of subgroups is not explicitly signalled and PEI is configured that the number of subgroups is 1. RAN2 assumes that the number of subgroups is always explicitly signalled when PEI is configured. As proposed in [10] we propose to correct the RAN1 specification to fixed the misalignment: 
Proposal 2: 38.213 is updated such that subgroupsNumPerPO is always present when PEI is configured.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss PEI and subgrouping: 
Observation 1: A gNB supporting PEI/subgrouping should send "lastvisitedcell" info in the context release for a UE supporting PEI/subgrouping.
Observation 2: If there are use cases where the gNB does not send "lastvisitedcell" info in the context release then an explicit indication in the RRCRelease is needed to avoid a possible mismatch.
Observation 3: gNB can set noLastCellUpdate in the RRCRelease message when there is SDT without UE context relocation.
Assumption 1: When SDT is successfully completed with RRCReject message then there is no UE context relocation.
Proposal 1: Clarify that subgroupsNumPerPO is > 1, when subgroupsNumForUEID is absent.
Proposal 2: 38.213 is updated such that subgroupsNumPerPO is always present when PEI is configured.
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Specification impact PEI in lastUsedCellOnly
38.300:
PEI associated with subgroups has the following characteristics:
-	If the PEI is supported by the UE, it shall at least support UEID-based subgrouping method;
-	PEI monitoring can be limited via system information to the cell in which its last connection was released;
-	A PEI-capable UE shall store its last used cell information;
-	UE that expects MBS group notification shall ignore the PEI and shall monitor paging in its PO.
38.304:
If lastUsedCellOnly is configured in system information of a cell, the UE monitors PEI only in the cell if the UE most recently entered RRC_IDLE or RRC_INACTIVE states in this cell. Otherwise, the UE monitors PEI in the camped cell regardless of which cell the UE most recently entered RRC_IDLE or RRC_INACTIVE states.

1
38.331:
PEI-Config-r17 ::=                        SEQUENCE {
    pei-SearchSpace-r17                       SearchSpaceId,
    po-NumPerPEI-r17                          ENUMERATED {po1, po2, po4, po8},
    payloadSizeDCI-2-7-r17                    INTEGER (1..maxDCI-2-7-Size-r17),
    pei-FrameOffset-r17                       INTEGER (0..16),
    firstPDCCH-MonitoringOccasionOfPEI-O-r17  CHOICE {
        sCS15KHZoneT-r17                                                    SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..139),
…
        sCS120KHZoneSixteenthT-r17                                          SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..17919)
    },
    subgroupConfig-r17                        SubgroupConfig-r17,
    lastUsedCellOnly-r17                      ENUMERATED {true}                                                OPTIONAL,  -- Need R
    ...
}

SubgroupConfig-r17 ::=     SEQUENCE {
    subgroupsNumPerPO-r17      INTEGER (1.. maxNrofPagingSubgroups-r17),
    subgroupsNumForUEID-r17    INTEGER (1.. maxNrofPagingSubgroups-r17)                                        OPTIONAL,  -- Need R
    ...
}
	DownlinkConfigCommonSIB field descriptions

	lastUsedCellOnly
When present, the field indicates that the UE monitors PEI only if its last connection was released by this cell. A PEI-capable UE stores its last used cell information.

	pei-Config
The PEI related configuration.

	subgroupConfig
The paging subgroup related configuration.


UERadioPagingInformation ::= SEQUENCE {
    criticalExtensions                  CHOICE {
…
UERadioPagingInformation-v17xy-IEs ::= SEQUENCE {
	ue-RadioPagingInfo-r17				OCTET STRING (CONTAINING UE-RadioPagingInfo-r17)		OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                              OPTIONAL
}
	ue-RadioPagingInfo
The field is used to transfer UE capability information used for paging. The gNB generates the ue-RadioPagingInfo and the contained UE capability information is absent when not supported by the UE.


UE-NR-Capability ::=            SEQUENCE {
…
    ue-RadioPagingInfo-r17			        UE-RadioPagingInfo-r17 											  OPTIONAL,
	nonCriticalExtension                     SEQUENCE {}                                                 OPTIONAL
}
UE-RadioPagingInfo-r17 ::=				SEQUENCE {
	-- R1 29-1: Paging enhancement
	pei-SubgroupingSupportBandList-r17					SEQUENCE (SIZE (1..maxBands)) OF BOOLEAN			OPTIONAL,
	...
}
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9.2.4.1	PAGING
This message is sent by the AMF and is used to page a UE in one or several tracking areas.
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	omitted

	UE Radio Capability for Paging
	O
	
	9.3.1.68
	
	YES
	ignore

	Assistance Data for Paging
	O
	
	9.3.1.69
	
	YES
	ignore

	PEIPS Assistance Information
	O
	
	9.3.1.232
	
	YES
	ignore
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9.3.1.68	UE Radio Capability for Paging
This IE contains paging specific UE Radio Capability information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UE Radio Capability for Paging of NR
	O
	
	OCTET STRING
	Includes the RRC UERadioPagingInformation message as defined in TS 38.331 [18].

	omitted
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9.3.1.69	Assistance Data for Paging
This IE provides assistance information for paging optimisation.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Assistance Data for Recommended Cells
	O
	
	9.3.1.70
	
	-
	

	omitted
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9.3.1.70	Assistance Data for Recommended Cells
This IE provides assistance information for paging in recommended cells.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cells for Paging
	M
	
	9.3.1.71
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9.3.1.71	Recommended Cells for Paging
This IE contains the recommended cells for paging.
This IE is transparent to the 5GC.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cell List
	
	1
	
	

	>Recommended Cell Item
	
	1..<maxnoofRecommendedCells>
	
	Includes visited and non-visited cells, where visited cells are listed in the order the UE visited them with the most recent cell being the first in the list. Non-visited cells are included immediately after the visited cell they are associated with.

	omitted
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9.3.1.232	PEIPS Assistance Information
This IE provides the information related to CN paging subgrouping for a particular UE, as specified in TS 38.304 [12].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CN Subgroup ID
	M
	
	INTEGER (0..7, …)
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9.3.1.15	Core Network Assistance Information for RRC INACTIVE
This IE provides assistance information for RRC_INACTIVE configuration
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	omitted

	UE Radio Capability for Paging
	O
	
	9.3.1.68
	
	YES
	ignore

	PEIPS Assistance Information
	O
	
	9.3.1.232
	
	YES
	ignore
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9.3.1.100	Information on Recommended Cells and RAN Nodes for Paging
This IE provides information on recommended cells and NG-RAN nodes for paging.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cells for Paging
	M
	
	9.3.1.71
	

	Recommended RAN Nodes for Paging
	M
	
	9.3.1.101
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9.2.2.6	UE CONTEXT RELEASE COMPLETE
This message is sent by the NG-RAN node to confirm the release of the UE-associated logical NG-connection over the NG interface.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	omitted

	Information on Recommended Cells and RAN Nodes for Paging
	O
	
	9.3.1.100
	
	YES
	ignore



2.2.16	UE CONTEXT SUSPEND REQUEST
This message is sent by the NG-RAN node to request the AMF to suspend the UE context and the related PDU session contexts.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	omitted

	Information on Recommended Cells and RAN Nodes for Paging
	O
	
	9.3.1.100
	
	YES
	ignore


[bookmark: _Toc45652182][bookmark: _Toc45658614][bookmark: _Toc45720434][bookmark: _Toc45798314][bookmark: _Toc45897703][bookmark: _Toc51745907][bookmark: _Toc64446171][bookmark: _Toc73982041][bookmark: _Toc88652130][bookmark: _Toc97891173][bookmark: _Toc99123292][bookmark: _Toc99662097]
9.2.2.19	UE CONTEXT RESUME REQUEST
This message is sent by the NG-RAN node to request the AMF to resume the UE-associated logical NG-connection and UE context.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	omitted

	Information on Recommended Cells and RAN Nodes for Paging
	O
	
	9.3.1.100
	
	YES
	ignore
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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

	omitted

	Assistance Data for RAN Paging
	O
	
	9.2.3.41
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.2.3.91
	
	YES
	ignore

	PEIPS Assistance Information
	O
	
	9.2.3.166
	
	YES
	ignore
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9.2.6.1	PAGING
This message is sent by the gNB-CU and is used to request the gNB-DU to page UEs.
Direction: gNB-CU  gNB-DU
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	omitted

	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Paging Cell List 
	
	1
	
	
	YES
	ignore

	>Paging Cell Item IEs
	
	1 .. <maxnoofPagingCells>
	
	
	EACH
	ignore

	>>NR CGI
	M
	
	9.3.1.12
	
	-
	

	>>Last Used Cell Indication
	O
	
	ENUMERATED(true, …)
	
	YES
	ignore

	PEIPS Assistance Information
	O
	
	9.3.1.269
	
	YES
	ignore

	UE Paging Capability 
	O
	
	9.3.1.270
	
	YES
	Ignore
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9.3.1.269	PEIPS Assistance Information
This IE provides the information related to CN paging subgrouping for a particular UE, as specified in TS 38.304 [24].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CN Subgroup ID
	M
	
	INTEGER (0..7, …)
	


[bookmark: _Toc99038949][bookmark: _Toc99731212]
9.3.1.270	UE Paging Capability
This IE provides the UE Paging Capability information needed for paging.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UEID Subgrouping Support Indication
	O
	
	ENUMERATED(true,…)
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