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Introduction
[bookmark: _Hlk510705081]The release 17 work item on UE power saving enhancements [1] includes the following objective:1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting

CRs to introduce the functionality to RAN1 specification were agreed in RAN#94e [38.212, 38.213]

In this contribution we touch upon some remaining open items related to support of PDCCH-based PEI. 
PDCCH-based PEI design
In this section we discuss the functionality related to PDCCH-based PEI design, monitoring behaviour and PDCCH configurations. 
General aspects for PDCCH-based PEI configuration
PEI configuration is strongly associated with the paging configuration, with some differences. In this section we consider some aspects related to the PEI configuration.
In terms of paging, the network has freedom to decide in whether it sends a paging message on all cells of a tracking area and whether it sends the paging on all beams of a cell. I.e. it can be envisioned that network, based on some a priori information, can do a selection/limitation for the paged area. This would enable network to choose/prioritize in which cells or in which beams of the cells paging and PEI are sent. Therefore, similar flexibility should be allowed, i.e. the network is also expected to have freedom in terms of transmitting PEI. Of course, if PEI is configured, e.g. assuming Behv-A, UE is not expected to monitor paging unless PEI is sent.
[bookmark: _Hlk83723529]Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to PEI. 
Paging configuration applies to all beams associated to actually transmitted SSBs, i.e. it is assumed that there is paging monitoring occasion defined corresponding to each actually transmitted SSB. While similar approach could be taken for PEI, i.e. assume that PEI, if configured, is always configured to all the same beams as paging. However, as PEI increases the overhead, it may not be desirable to provide PEI for all ‘broadcast beams’. PEI presence results in additional signalling overhead and this may be critical for deployments using many beams (e.g. a 64 beam FR2 deployment.). Hence if the beam sweep overhead is large, it may be preferable to be able to apply the PEI only to a sub-set of broadcast beams. For example, network could choose to apply PEI only for such beams, where the expected signal quality distribution is the worst, and most power saving benefit could be obtained, while not configuring PEI for ‘beams’ where the expected signal quality is high to alleviate the overhead. To enable beam specific PEI configuration, similar bit map as for actually transmitted SSB (‘ssb-PositionsInBurst’) could be used, to active/deactivate the PEI for a given actually transmitted SSB.
Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the PEI is active.

PDCCH-PEI monitoring configuration
	In RAN1#107bis-e following agreements were made:Agreement
If one PEI-O is associated with POs of 2 PFs,
· The two PFs are consecutive PFs configured in SIB
· FFS: two PFs are consecutive PFs within the same paging cycle
· Note: As an example, SFN of the first PF of the PF(s) associated with the PEI-O can be obtained by: (SFN of UE’s PF) - 

Agreement
For whether and how to accommodate PEI-O location determination for the case POnumPerPEI is smaller than Ns, decide one of the following alternatives
· Alt-2: It is supported, and UE applies the single value in PEI-F_offset for the frame-level offset and the -th value out of  configured values in firstPDCCH-MonitoringOccasionOfPEI-O for the symbol-level offset
Note: The number of PO mapping to one PEI should be multiple of Ns when POnumPerPEI is larger than Ns




Thus it has been agreed that when , , where  . Following from this, if one PEI maps to two PFs (of N PFs), all Ns POs of the PFs are mapped to same PEI. As it was agreed in RAN1#107e, that max two PF can map to one PEI,   when .  range is {1,2,4} and  range is {1,2,4,8,16} thus all combinations with multiple PFs results even number of POs
The remaining FFS point in afore agreements relates to the mapping of PFs to PEI. If the PFs are restricted to the same paging cycle, the determination of association can be implicit in logical order without need for any further offset. Therefore it is felt that it would be simplest to agree that the two PFs that can be mapped to one PEI and are consecutive are contained within the same paging frame.
Proposal: If two PFs are mapped to same PEI, the PFs are consecutive PFs and contained within the same paging cycle.


PDCCH-PEI DCI format configuration
In RAN2 made following agreements in the RAN2#116bis-e:
	PEI subgroup indices are allocated to CN-assigned subgroups first. The 1st bit in the PEI bitmap corresponds to the CN-assigned subgroup #1, 2nd bit in the bitmap corresponds to the CN-assigned subgroup #2, and so on. After CN-assigned subgroups, the subsequent bits, if any, correspond to the UEID-based subgroup #1, #2, and so on.
[bookmark: _Hlk95311038]Both subgroupNumPerPO and Nsg-UEID range from 1 to 8.
If network supports PEI but not subgrouping, the whole SubgroupConfig-r17 is absent. The parameter subgroupsNumPerPO is mandatory present if subgroupConfig-r17 is configured.
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].
If a cell supports both UE identity based and CN assigned subgrouping, for UEID based paging subgrouping, UE belongs to k-th paging subgroup, where
-	k = [floor (UE Identity/(N*Ns)) mod Nsg-UEID] + Nsg-CN, 
-	N is the number of Paging frames, 
-	Ns is the number of POs per paging frame, 
-	Nsg-UEID is the number of UEID-based paging subgroups, and 
-	Nsg-CN is the number of CN assigned paging subgroups (= subgroupNumPerPO - Nsg-UEID).




On the agreement it can be seen that subgroupNumPerPO can have only non-zero values, if configured. This is also reflected in the running CR for 38.331 [2]:
	SubgroupConfig-r17 ::=         SEQUENCE {
subgroupsNumPerPO-r17                       INTEGER (1.. maxNrofPagingSubgroups-r17),
    subgroupsNumForUEID-r17                     INTEGER (1.. maxNrofPagingSubgroups-r17)                    OPTIONAL,              -- Need R
...
}



Also the subgroup ID assigned for the UE will be defined in TS38.304 based on the running CR [3], thus definition of  could also refer to TS38.304. Hence, RAN1 specifications should be aligned accordingly
Proposal: Adopt following TP to TS38.213 Section 10.4:
	[bookmark: _Toc83289688][bookmark: _Toc92093864][TS38.213v17.0.0]
10.4  A	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 search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
-	a number of frames, by PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not providedconfigured or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , ,  and  are defined in [17, TS 38.304]. When the value is '1', the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.




Proposal: Adopt following TP to TS38.212 Section 7.3.1.3.8:
	[TS38.212v17.0.0]
[bookmark: _Toc90994144]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 and not set to 0; otherwiseand  is set to 1 if subgroupsNumPerPO is not configured.
-	Each bit in the field indicates one UE subgroup of a paging occasion if subgroupsNumPerPO subgroupsNumPerPO is configured and not set to 0; 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]. If the number of information bits in format 2_7 is less than the size of format 2_7, the remaining bits are reserved.





Additional aspects for PEI.
In this section we consider some additional aspects that would need to be considered to complete the PEI design.
[bookmark: _Ref83717895]Combination of physical channels
In TS38.202 the possible combinations of physical channels that UE is expected to receive simultaneously are given. To account for the introduction of DCI format 2_7 to be monitored in IDLE and Inactive state, some updates are needed. To accommodate ‘PEI-RNTI’, corresponding “Reception Type” would need to be introduced to the set provided in Table 6.2-1 of TS38.202. Then the corresponding “Reception Type” would need to be introduced to the set of Downlink combinations for IDLE and Inactive mode in Table 6.2-2 of TS38.202. We have provided corresponding TP in Annex A at the end of this document.
Proposal: Introduce PEI-RNTI to Downlink "Reception Type" combinations of TS38.202 as per draft TP in Annex A.
Minimum time gap between PO and PEI
In last meeting it was discussed whether there would be a need to define some minimum time gap between the PO and PEI to ensure that UEs have sufficient time to process the PEI and wake-up/prepare to paging reception. While it can be understood that this relates mainly to UE processing, it also has some system implications which would be good to consider.
For UE application delay perspective, considering also the needed synchronisation, the value of the minimum gap between PEI and PO could be considered to depend on the radio conditions experienced by the UE. As it has been discussed under power saving evaluations, UE’s in low SINR may require reception of several SSBs to ensure sufficient synchronisation to receive PDSCH, where at least 3 SSBs has been considered. Hence, it would appear that the minimum time gap between PO and PEI should be such that it allows sufficient number of SSB occasions to acquire sufficient synchronisation for paging message reception. 
Observation: Minimum time gap between PO and PEI should enable UE to acquire synchronisation for paging message reception.

The UEs supporting PEI may be rather diverse, e.g. RedCap and eMBB, but also be configured with different paging cycles, and have different requirements in terms of number of SSBs to receive prior to the PO. If such diverse UEs share the same PO it may be challenging for the network to define a PEI offset, which satisfies the individual UE’s preference.
One approach to address this issue would be that the network provides more than one PEI for a given PO/PF. For example, a UE could select between two PEIs to monitor depending on the device type or configured paging cycle.
Proposal: RAN1 discuss configuration of more than one PEI per PO to accommodate different device preferences.
Conclusion
In this contribution we have presented evaluation results for the different Early Paging Indication schemes, and made following observations and proposal:

In Section 2.1 we consider the general aspects related to PDCCH-based PEI configuration, making following proposals: 
Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to PEI. 
Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the PEI is active.
The configuration of the PEI monitoring occasions are discussed in Section 2.1.1, with following proposals:
Proposal: If two PFs are mapped to same PEI, the PFs are consecutive PFs and contained within the same paging cycle.

The DCI format configuration for PDCCH-based PEI is covered in Section 2.1.2, and we make following proposals:
Proposal: Adopt following TP to TS38.213 Section 10.4:
	[TS38.213v17.0.0]
10.4  A	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 search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
-	a number of frames, by PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not providedconfigured or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , ,  and  are defined in [17, TS 38.304]. When the value is '1', the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.




Proposal: Adopt following TP to TS38.212 Section 7.3.1.3.8:
	[TS38.212v17.0.0]
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.  
The following information is transmitted by means of the DCI format 2_7 with CRC scrambled by PEI-RNTI:
-	Paging indication field –  bit(s), where
-	 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 and not set to 0; otherwiseand  is set to 1 if subgroupsNumPerPO is not configured.
-	Each bit in the field indicates one UE subgroup of a paging occasion if subgroupsNumPerPO subgroupsNumPerPO is configured and not set to 0; 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]. If the number of information bits in format 2_7 is less than the size of format 2_7, the remaining bits are reserved.





Furthermore, in Section 3we discussed about other aspects that would be need to concluded complete PEI design, and made following proposals and observations:
Proposal: Introduce PEI-RNTI to Downlink "Reception Type" combinations of TS38.202 as per draft TP in Annex A.
Observation: Minimum time gap between PO and PEI should enable UE to acquire synchronisation for paging message reception.
Proposal: RAN1 discuss configuration of more than one PEI per PO to accommodate different device preferences.
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Annex A TP for possible combinations of physical channels to TS38.202

Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	F0
	PDCCH
	Temporary C-RNTI
	UL-SCH
	Note 3

	F1
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	L0
	PDCCH
	SL-RNTI
	SL-SCH
	

	L1
	PDCCH
	SL-CS-RNTI
	SL-SCH
	

	M
	PDCCH
	SL Semi-Persistent Scheduling V-RNTI
	SL-SCH
	Note 5

	N
	PDCCH
	PS-RNTI
	N/A
	

	O
	PDCCH
	AI-RNTI
	N/A
	

	P
	PDCCH
	[PEI-RNTI]
	N/A
	Note 1

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH. 
Note 5:	This corresponds to PDCCH scheduling LTE PC5.



Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0) + F0 + P
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0) + F0 + P
	
	
	Note 1

	3. RRC_CONNECTED

	(A + C0 + (B and/or (D0 or (m1*D1+m2*D2))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + L0 + L1 + M + N) 
	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + N) 
	m1*D1 + m2*D2 + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + O + L0 + L1 + M
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SL-CS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.





