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Introduction
In RAN#93-e, there agree guidance for PEI selection and design directions [1]:
	· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•     New DCI format
•     Higher layer configuration, including SS
•     Details of the procedures of PEI monitoring, and identification of MOs before PO
•     Only Behv-A (per RAN1#104e agreement) is supported 
•     If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•     Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 



In the following Sections 2, 3, and 4, companies’ views and proposals on the design details for the first three sub-bullets will discussed in order to identify possible agreements. Some other remaining topics are collected in Section 5, and Section 6 finally summarize the possible agreements to be discussed and approved online.


Design of New DCI Format
Phase-1 Discussion
Relating the DCI format, the following are two related agreements [2] to UE subgrouping:
	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


	Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO




In Table 1, there summarize companies’ views related to design of new DCI format, including whether paging indication for UE subgroups is only carried in PEI or not.



[bookmark: _Ref84360505]Table 1: Companies’ views related to design of new DCI format
	Company
	Company views

	Huawei, HiSilicon
	Proposal 2: PO-wise code-point based mapping method can be further considered if larger number of sub-groups and POs are supported in one PEI.

Proposal 3: Indicate the availability information for assistance TRS in PEI DCI, using same principle as availability information for assistance TRS in paging DCI.

Proposal 4: Support the configuration of indication SI change and ETWS notifications in PEI DCI.

Proposal 5: Support one PEI associating with multiple POs.

Proposal 6: A new RNTI is used to scramble the CRC of PEI-DCI for idle/inactive mode UEs.

Proposal 7: Sub-grouping indication field, TRS availability indication field and SI change/ETWS field are supported by the new DCI format, where:
· Sub-grouping indication field is mandatory if the DCI format is configured;
· TRS availability indication field and SI change/ETWS field are optionally configurable.


	TCL 
	Observation 1: Shared physical layer signaling of PDCCH based PEI to inform an idle/inactive UE or subgroups of UEs for paging and TRS availability indication reduces the L1 signaling overhead significantly.  

Proposal 1: Consider PDCCH based PEI to indicate idle/inactive UE or subgroups of UEs for paging and TRS availability indication.

Proposal 2: Consider a New DCI format to transmit PEI for idle/inactive UE with the payload size to cover: at least the indication of 8 subgroups for paging in a PO and the reserved bits capacity of paging DCI which is used for TRS availability indication. 



	ZTE, Sanechips
	[bookmark: _Toc78][bookmark: _Toc20901][bookmark: _Toc83732674][bookmark: _Toc26136][bookmark: _Toc3580][bookmark: _Toc17829]Observation 1: If the sub-grouping information is carried on the paging PDCCH, the power saving gain is negligible.
[bookmark: _Toc22560][bookmark: _Toc29890][bookmark: _Toc5078][bookmark: _Toc83732676][bookmark: _Toc28676]Proposal 1: The sub-grouping information should be carried by PEI. 
Proposal 2: A PEI associated with multiple POs should be supported.
Proposal 3: The number of POs associated with one PEI should be configurable.
[bookmark: _Toc83732680][bookmark: _Toc12351][bookmark: _Toc20522][bookmark: _Toc25809][bookmark: _Toc68621489][bookmark: _Toc25635][bookmark: _Toc8943][bookmark: _Toc14718][bookmark: _Toc4646][bookmark: _Toc3073][bookmark: _Toc22388][bookmark: _Toc79161258][bookmark: _Toc16936][bookmark: _Toc25123][bookmark: _Toc19601][bookmark: _Toc71707436][bookmark: _Toc4231]Proposal 5: The availability indication conveyed by PEI should be supported.
[bookmark: _Toc83732681]Proposal 6: The SI change and ETWS information carried by PEI should be considered.
[bookmark: _Toc18199][bookmark: _Toc12022][bookmark: _Toc83732682]Proposal 7: Support bitmap mapping method for sub-grouping indication.
[bookmark: _Toc79161209][bookmark: _Toc83732684]Proposal 9: The payload size of PDCCH-based PEI can be configured.
[bookmark: _Toc83732686][bookmark: _Toc7715]Proposal 11: A new RNTI with configurable value is preferred for the PDCCH based PEI with a new DCI format.


	Transsion Holdings
	[bookmark: _Ref9377]Proposal 1: Subgroup indication should be carried by one PEI with multiple POs.

Proposal 2: PEI can carry at least 12 bits and codepoint design can be considered.

[bookmark: OLE_LINK5]Proposal 3: TRS available indication and short message indicator should be carried by PEI.

Proposal 4: Total bits carried by PEI should be taken into account.

Proposal 6: PDCCH-based PEI can reuse P-RNTI value.


	Spreadtrum 
	Proposal 1: Both 1 PEI to 1 PO mapping and 1 PEI to N POs mapping are supported in R17.

Proposal 2: Introduce a new DCI format like DCI format 2-6 for idle/inactive UEs in R17.

Proposal 4: 1 bit indication of PO can be semi-statically configured by gNB.

Proposal 5: A bitmap indication of subgroups within a PO can be semi-statically configured by gNB.

Proposal 6: When the indication of subgroups within a PO is configured, the 1-bit indication of PO is not applicable.


	vivo
	Proposal 1: Adopt the codepoint-based sub-grouping mapping method introduced in Rel-16 NB-IoT as described in Table 1 as start point. With this method, a UE will be paged when detecting one of the following two codepoints. Otherwise, the UE will not be paged.
· The sub-group specific codepoint, to indicate only the sub-group which the UE belongs to receive paging, and
· The wake-up common codepoint, to indicate all sub-groups to receive paging when no less than two sub-groups need to be waked up.
Proposal 2: A new RNTI for scrambling the PDCCH-based PEI is needed.
Proposal 3: The DCI size of the DCI format for PEI should be limited e.g., 12bits in order not to degrade the PEI detection performance.
Proposal 10: One-to-one mapping between PEI and PO is supported, and one-to-multiple mapping between PEI and PO should be precluded.
Proposal 12: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.

Proposal 13: The design of DCI format for PEI may also need to consider TRS availability indication.
Proposal 14: SI update indication delievered in PEI should be precluded.


	OPPO
	Proposal 1: One-to-one and one-to-many mapping between PEI and PO should be supported.

Proposal 6: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.


	CATT
	Proposal 2: Sub-grouping is indicated in PDCCH-based PEI.

Proposal 3: PDCCH-based PEI can support to indicate multiple POs.

Proposal 4: The number of POs associated with one PEI can be determined by the following factors:
· Paging parameters: N and Ns
Proposal 5: Short messages are not supported by PDCCH-based PEI.

Proposal 9: If one PEI indicates N1 POs and the number of sub-groups per PO is G, the new DCI format of PEI contains N1 groups of bit fields and each bit field of a paging group contains G bits.

Proposal 10: A UE determines the corresponding bit location in PDCCH-based PEI based on PO_Index, G and its sub-group number, where PO_Index is the index of PO within multiple POs, and G is the number of sub-groups per PO.


	CMCC
	Proposal 1. Support 1-to-1 and 1-to-N mapping between PEI and PO(s).

Proposal 3. When UE subgrouping is not configured, for one UE which PO’s index is i_s, 
· If one PEI associates with Ns POs in one PF, the i_sth bit in PEI is used to indicate wake up information;
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod N/NPEI) *Ns+ i_s]th bit in PEI is used to indicate wake up information, where SFN is the UE’s PF frame.

Proposal 4. When UE subgrouping is configured, for one UE which PO’s index is i_s and subgroup index is m, where m = 0, 1, … M-1, M is the total number of subgroups in one PO,
· If one PEI associates with one PO, the mth bit in PEI is used to indicate wake up information;
· If one PEI associates with Ns POs in one PF, the [i_s*M+m]th bit in PEI is used to indicate wake up information;
· If one PEI associates with K*Ns POs in K PFs, the [(SFN*N/T mod N/NPEI) *Ns+ i_s]*M+m th bit in PEI is used to indicate wake up information.


	Xiaomi
	Proposal 2: If a PEI can corresponds to M POs, then 8*M bits subgrouping information, each 8 bits corresponding to one PO should be contained in PEI.

Proposal 3: PEI will alert the UE to wake up only when paging message is expected. Solutions to inform short messages in PEI monitoring occasion can be studied.


	Samsung
	Proposal 1: Support PEI with UE subgrouping per PO as the only function for paging enhancements in NR Rel-17. 

Proposal 2: Use a bitmap for PEI with UE subgrouping per PO.

Proposal 3: One of the following alternatives can be considered to determine the RNTI used for the DCI format for PEI:
· Alt1: a new RNTI configured by SIB, e.g. PS-RNTI, 
· Alt2: reuse P-RNTI

Proposal 4: The payload size of the DCI format for PEI,  can be determined such as , where
· <= 40, 
·  is the number of UE subgroups per PO with applicable values of 1 to 8, 
·  is the number of POs associated with a single PDCCH based PEI, and the applicable values is 1 to , where   is the number of POs per PF.


	MediaTek 
	[bookmark: _Ref84042720]Proposal 1: For PEI, a new DCI format is supported to include at least paging indications to UE subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO 
· P-RNTI is utilized for CRC scrambling

Proposal 2:  Paging indication to UE subgroups is only carried by PEI in physical layer


	Intel 
	Proposal 1: Essential function of PEI includes providing indication for UE paging sub-grouping information only. 
Proposal 2: When configured, PDCCH PEI provides UE paging sub-grouping indication. 
· A bitmap of size up to 8 bits can be used in the DCI.
· No other indications are provided via PDCCH-based PEI.

Proposal 3: 1 PEI to 1 PO is supported only for Rel-17 PEI design.

Proposal 5:  Discuss DCI payload whether it can be fixed or configurable after agreeing on what information content can be signalled via PEI.
· Higher layer parameter on configured number of sub-groups per PO or size of the bitmap for UE sub-grouping information is needed.

Proposal 10: UE may follow TRS availability indication (if agreed) by PEI regardless of whether UE is indicated to monitor PO or not by the same PEI.


	NTT DOCOMO, 
	Proposed 1:  Single PEI associated with Multi POs should be supported.

Proposed 2: DCI size for PEI should be implicitly derived from number of POs, number of subgroups, whether or not TRS availability indication and Short Message is included in PEI. 

Proposed 3: UE should be informed, via SIB, of whether or not TRS availability indication and Short Message are included in PEI. 


	Sony
	

	Panasonic
	Proposal 1: In the DCI format for PEI, the early indication of one and multiple POs are both supported. The number of POs are configurable by SIB.
Proposal 2: Sub-grouping information bit width is configurable in SIB. Additional subgroup information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping information by two level indication can be achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 
Proposal 3: For the DCI format defined for PEI, one or more blocks can be configured for subsequent PO(s) and the TRS availability/unavailability indication. In addition, a upper limit of the DCI format size should be defined.
Proposal 4: Define a new RNTI for Rel.17 PEI
Proposal 5: For DCI format defined for PEI, SIB needs to configure the number of blocks, the number of indicated POs, all or part of the subgroup information for each corresponding PO and corresponding field location in the DCI.


	Lenovo, Motorola Mobility
	Proposal 5: A bit field position for a UE in a DCI format of PEI PDCCH is determined based on UE’s PF index within a set of PFs associated with UE’s PO and UE’s PO index.  
Proposal 6: RNTI for a PEI PDCCH is determined based on a reference PF, e.g. the earliest PF of a set of consecutive PFs associated with the PEI PDCCH. 


	InterDigital, 
	Proposal 1: One bit is allocated per UE group to indicate wake-up or not-wake-up.

Proposal 2: The index of the bit is determined by at least the UE ID and the number of UE groups. 

Proposal 3: Support availability indication of TRS occasions for idle/inactive UEs within the PEI DCI.

Proposal 5: One-to-one mapping between PEI and PO is supported.

Proposal 6: One-to-many mapping between PEI and corresponding POs should be configurable.


	LG Electronics
	Observation 1: The UE sub-group indication using PEI outperforms UE sub-group indication within a PO.

Observation 2: PDCCH based PEI can afford the maximum number of UE sub-groups.

Proposal 1: The UE sub-group indication is provided by PEI only.

Observation 4: TRS/CSI-RS availability indication via PEI is beneficial in terms of UE power saving and reducing NW overhead.

Observation 5: Indicating availability for the TRS/CSI-RS occasion(s) considering beam selectivity manner can reduce the DCI overhead of the PEI.

Observation 6: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 

Observation 7: Conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI is beneficial from power saving perspective.

Observation 8: Compared to the Alt 1-a, conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI does not increase the NW overhead.

Proposal 2: PEI conveys the following information
· UE sub-group indication
· If configured, UE group indication 
· If configured, TRS/CSI-RS availability indication  
· Information with regard to SI change indication and ETWS/CMAS notification 

Proposal 3: The DCI for the PEI contains the bitmap for the UE group and UE sub-group indication. 
· The number of UE sub-group for a PO (i.e. NSG) is configured via higher layer
· The number of UE group associated with a PEI is NS, where the NS is a paging parameter that is for determining a number of POs in a PF.
· The size of the DCI field for the UE group and UE sub-group indication is NSG*NS. 

Proposal 4: If configured, the DCI for the PEI contains [1 or 2] bit for the TRS/CSI-RS availability indication 

Proposal 5: The DCI for the PEI contains 2 bits for indicating SI change indication and ETWS/CMAS notification. 

Proposal 6: The DCI for the PEI contains reserved bits field, the size of which is configured via higher layer. 

Proposal 7: PEI-RNTI that is used for CRC scrambling for the PEI is configured via higher layer. 

Observation 9: The size of the DCI format for the PEI can be aligned with the DCI format 0_0/1_0 when zero bit padding is applied.

Observation 10: When the UE only monitors a PEI at a PEI occasion, UE may assume that bits in the padding bit field are frozen bit for PDCCH decoding.

Proposal 8: Zero bit padding for the DCI size alignment is applied to the DCI format for the PEI.

Proposal 12: The UE assumes that the same information on UE group/subgroup indication, SI change indication and ETWS/CMAS notification are repeated in all transmitted beams in a PEI occasion. 

Proposal 13: If the PEI convey availability indication only for the TRS/CSI-RS occasion(s) with the same beam direction, the UE assumes that the information on the TRS availability indication can be different in each transmitted beam in a PEI occasion.


	Apple
	Proposal 1: Introduce a new DCI format for PEI, with a configurable size.

Proposal 2: The new DCI format for PEI can also carry subgroup indication and TRS availability indication.

Proposal 6: Do not support code-point based mapping for paging subgroup indication.

Proposal 7: Support paging subgroup indication in both PEI and paging DCI.


	Ericsson
	[bookmark: _Toc84009769]Observation 1: In deployments where subgrouping is not used, no bits shall be wasted on subgrouping information. 
[bookmark: _Toc84009783]Proposal 1:  When subgrouping is not used, PEI presence invokes all UEs at the addressed PO. 
[bookmark: _Toc84009770]Observation 2: In deployments of high paging rate, in order to avoid excessive false paging during simultaneous paging of more than one subgroup, PEI should support addressing individual subgroup invocation.
[bookmark: _Toc84009784]Proposal 2: PEI supports addressing individual subgroup invocation (i.e., up to 8 bits, one per each of maximum 8 subgroups in a PO). 
[bookmark: _Toc84009771]Observation 3; In deployments of high paging rate and/or multi-beam, one-to-many PEI configuration is a necessary tool for the NW for avoiding excessive resource usage. 
[bookmark: _Toc84009785]Proposal 3: PEI supports addressing subgroups of up to 4 consecutive POs (i.e., in addition to the up to 8 bits used for subgroups).
[bookmark: _Toc84009786]Proposal 4: For one-to-many PEI configuration, up to 32 bits (configurable) are used for addressing UEs in up to 4 consecutive POs.
[bookmark: _Toc84009787]Proposal 5: For one-to-many PEI configuration, PEI may address POs associated with different paging frames but not address POs across multiple number of a UEs DRX cycle.

[bookmark: _Toc84009788]Proposal 6: The subgroup/PO addressing bits in the PEI shall be configurable (both number of bits and their meaning).

[bookmark: _Toc84009772]Observation 4: Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signalling overhead.
[bookmark: _Toc84009789]
Proposal 7: For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.
[bookmark: _Toc84009790]
Proposal 8: PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.

[bookmark: _Toc7813649][bookmark: _Toc84009791]Proposal 9: Following information and corresponding locations within the PEI DCI needs to be configurable:
- Number of subgroups per PO
- Number of POs addressed (if 1-to-many)
- TRS availability



	Qualcomm 
	[bookmark: p1]Proposal 1: For PDCCH-based PEI, code-point based UE subgroup mapping is not supported.

Proposal 2: For PDCCH-based PEI, the PDCCH configuration is based on the CORESET #0, pagingSearchSpace and the P-RNTI. DCI size of PEI PDCCH is smaller than that of the paging PDCCH.


	Nordic 
	Proposal-1: Sub-groups indication is provided only by PEI.

Proposal-2: Only bitmap-based mapping is supported for sub-groups.

Proposal-3: 
· For PEI monitoring a gNB may configure
· …
· PEI-RNTI
· payload size of DCI format
· position of DCI field 


	Nokia
	Proposal: A single PEI should be able to address multiple POs to reduce PEI (PDCCH) indication overhead.

Observation: The DCI size for PDCCH-based PEI should be configurable, from 1 to [19] bits.

Proposal: The PEI DCI format configuration should provide for each PO the location of the subgrouping field. It is assumed that the size of the subgrouping field could be common for all PEIs in the cell.

Proposal: If providing additional information, i.e. ‘systemInfoModification’, ‘etwsAndCmasIndication’ and L1 availability indication in PEI is supported, the PEI DCI format configuration should provide the location (and size) for each information field. The location of these fields, if configured, could be at the start of the DCI format so that it can be common for all PEIs/POs.

Observation: The PDCCH-based PEI should be monitored only by IDLE/Inactive UEs. The PEI DCI format CRC could be scrambled with P-RNTI.

Proposal: Consider further whether PEI could be configured to carry ‘systemInfoModification’ indication bit and/or ‘etwsAndCmasIndication’ indica tion bit. Inform RAN2 of the RAN1 decision and assumed UE behaviour. 

Proposal: Support configuring L1 availability indication for PEI.



	DENSO 
	Proposal 1:	A new DCI format of 2_X is introduced for PDCCH-based PEI.

Proposal 2:	A new RNTI is introduced for PDCCH-based PEI (e.g. PEI-RNTI).

Proposal 3:	A single value is defined for the new RNTI, which does not have to be configured by the higher layer.

Proposal 6:	The new DCI format for PDCCH-based PEI conveys a bit map which indicates paging sub-group(s) to be paged for each PO in a PF.

Proposal 7:	The length of the bitmap is determined by Nsg * Ns, where Nsg is the number of paging sub-groups and Ns is the number of POs in a PF.

Proposal 8:	PEI should be able to deliver SI update/ETWS indication to PEI capable UEs.




From the above inputs, one can first observe the following: 

Code-point based subgroups mapping:
· Yes (3): HW (if one PEI for multiple POs), Transsion, vivo
· No (4): Apple, QC, Nordic, Intel
· Feature lead: Support only ‘bitmap’ subgroups mapping for Rel-17

Indication of one or multiple POs:
· [bookmark: _GoBack]One PEI indicates multiple POs (17): HW, ZTE, Transsion, Spreadtrum, OPPO, CATT, CMCC, Xiaomi, Samsung (up to Ns POs in a PF), Panasonic, Lenovo (multiple PFs), InterDigital, LG (Ns POs in a PF), Ericsson (Ns POs in a PF), Nokia, DENSO (Ns POs in a PF), DoCoMo
· Only one PEI per PO: vivo, Intel
· FL suggestion: PEI contains paging indications for PO(s) in a PF

PEI DCI size:
· Upper limited: vivo, SS, Ericsson
· Aligned with DCI format 0_0/1_0: LG
· Discuss after contents indicated via PEI are finalized: Intel
· FL suggestion: Upper limited by 8 * 4 (max value of Ns) for subgroups indication

RNTI: 
· New RNTI (10): HW, ZTE (configurable value), vivo, SS, Panasonic, Lenovo (based on a reference PF), LG (PEI-RNTI), Ericsson (configurable), Nordic (PEI-RNTI), DENSO (configurable)
· P-RNTI (6): Transsion, Samsung, MTK, QC, Nokia, Intel
· FL suggestion: New PEI-RNTI

By the above, the following proposal for PEI DCI format is suggested:


Possible Proposal 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one PO (if UE paging subgrouping is not configured)
· One PEI can indicates Ns PO(s) in a PF (Ns as defined in TS38.304)
· The maximum number of total bits for paging indications to UE group(s)/subgroups in PEI DCI format is 32
· A new PEI-RNTI is utilized for CRC scrambling


Carrying paging subgroup indications: 
· Only in PEI (4): ZTE, OPPO, MTK, LG
· Both PEI and paging PDCCH (2): Panasonic (hierarchical), Apple
· FL suggestion: Given there is limited gain by carrying UE subgroup in a PO as shown in RAN1 LS to RAN2 [3], it is suggested RAN1 to focus on carrying subgroups indication only in PEI for Rel-17.


Possible Proposal 
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.


For the other potential indications in PEI, the following are collected for information:

TRS availability indication in PEI:
· Support: HW, TCL, ZTE, LG, Apple, Ericsson, Nokia, DoCoMo (configuration via SIB)
· No: Samsung, Intel

SI and ETWS:
· Support: HW, ZTE, Xiaomi, LG, Nokia, DENSO, DoCoMo (configuration via SIB)
· No: vivo, CATT (no short messages), Samsung, Intel



Higher Layer Configuration for PEI, Including Search Space
Phase-1 Discussion
For the PDCCH related higher layer configurations, including CORESET, search space set, AL etc., Table 2 collects companies’ related views:

[bookmark: _Ref84360530]Table 2: Companies’ views related to higher layer configuration, including Search Space setting
	Company
	Company views

	Huawei, HiSilicon
	Proposal 8: Existing CORESET0 can be used for PDCCH-based PEI, and the PEI can transmitted in a new CSS.

Proposal 10: PEI is transmitted in the MIB-configured initial DL BWP where SSB is transmitted.


	TCL 
	

	ZTE, Sanechips
	[bookmark: _Toc83732685][bookmark: _Toc20977][bookmark: _Toc5422]Proposal 9: The aggregation levels of PDCCH-based PEI can be configured 
[bookmark: _Toc29561][bookmark: _Toc83732687]Proposal 12: The paging search space can be reused for PEI.


	Transsion Holdings
	Proposal 5: CORESET 0 or dedicated CORESET can be used for PDCCH-based PEI and PDCCH-based PEI can reuse the common search space set.


	Spreadtrum 
	Proposal 3: The actual monitoring occasions of PEI can be overlapping between windows and monitoring occasions configured by search space set. The windows are implicitly defined by higher layer parameters or rules, and each window is a time window before 1 PO or N POs.


	vivo
	Proposal 4: Reuse the legacy paging CSS (i.e., Type 2 CSS set) for PDCCH-based PEI.


	OPPO
	Observation 1: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 2: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 

Proposal 7: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.


	CATT
	Proposal 11: For IDLE/Inactive mode, multiple beams of PEI should be supported.

Proposal 12: For IDLE/Inactive mode, the spatial channel property of PEI is QCLed with the SSB corresponding to paging PDCCH/PDSCH.


	CMCC
	

	Xiaomi
	Proposal 1: Paging search space should be reused to transmit PEI.


	Samsung
	Proposal 7: Support SIB based configuration for a search space set for PDCCH based PEI.


	MediaTek 
	Proposal 3: A dedicated search space configuration for PEI, i.e., pagingEarlyIndSearchSpace, is supported

Proposal 4: When SearchSpaceId = 0 is configured for pagingEarlyIndSearchSpace, the candidate PEI monitoring occasions are same as for RMSI as defined in clause 13 in TS 38.213

Proposal 5: The following restrictions apply to pagingEarlyIndSearchSpace:
· Association with only PEI DCI format
· Up to two ALs
· Dedicated DMRS scrambling ID


	Intel 
	Proposal 4:  CORESET 0 and paging search space can be used for PDCCH PEI monitoring.


	NTT DOCOMO
	

	Sony
	Proposal 2 – Support SIB based configuration of PEI, including
· a time offset relative to start of an associated PO, to indicate start of PEI monitoring,
· time and frequency resources since multiple PEI opportunities are configured within a time window (i.e., multiplexed in time domain) and/or within a frequency allocation (i.e., multiplex in frequency domain),
· number of PEI occasions for multi beam operation and the association between PEI occasions and SSB, 
· minimum time-gap between last PEI occasion and associated PO.

	Panasonic
	Proposal 6: A new CSS, e.g. Type 2A is configured for PEI monitoring. The time occasions of this CSS should be flexible to allow the network choice between close to SSB or close to the additional TRS occasions.


	Lenovo, Motorola Mobility
	Proposal 1: A PEI PDCCH search space configuration can be signaled in SIB1 or in an RRC release message. 

	InterDigital, 
	

	LG Electronics
	Proposal 9: CORESET0 is used for the PEI.


	Apple
	Proposal 3: The search space set for PDCCH carrying PEI can be either the paging SSS (default) or separately configured by the gNB.


	Ericsson
	[bookmark: _Toc84009792]Proposal 10: If PEI is supported/used by the cell, its configuration is provided via broadcast system information. The configuration is applicable to all POs of the cell and may be updated through existing SI update mechanisms.
[bookmark: _Toc84009793]Proposal 11: Search space for PEI PDCCH monitoring can be configured separately from or can be same as one of the existing search spaces configured for PDCCH monitoring in Idle/inactive. 


	Qualcomm 
	[bookmark: p2]Proposal 2: For PDCCH-based PEI, the PDCCH configuration is based on the CORESET #0, pagingSearchSpace and the P-RNTI. DCI size of PEI PDCCH is smaller than that of the paging PDCCH.


	Nordic 
	Proposal-3: 
· For PEI monitoring a gNB may configure
· monitoring window by minimum and maximum offset relative to PF
· pei-SearchSpace which can be full SearchSpace or MIB-configured SS#0
· …


	Nokia
	[bookmark: _Hlk83723529]Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to PEI. 

Proposal: Network should be able to configure the PEI to only sub-set of SSB/‘broadcast’ beams.

Proposal: The monitoring occasions defined for PDCCH-PEI are defined by search space configuration. The paging search space (‘pagingSearchSpace’) configuration could be re-used for PEI.


	DENSO 
	Proposal 9:	A common search space specific to PDCCH-based PEI can be configured by the higher layer.




Search space set
· Configuration based on broadcast system information (18): Samsung, Sony, Lenovo (or RRC release message), Ericsson and the following companies
· Legacy CSS (9): OPPO, ZTE (paging SS), vivo (Type 2 CSS), Xiaomi (paging SS), MTK (SearchSpaceId = 0), Intel (paging SS), Apple (paging SS), QC (paging SS), Nokia
· Dedicated (5): MTK (pagingEarlyIndSearchSpace), Panasonic (New Type 2A CSS), Apple, Nordic, DENSO
· FL suggestion: Search space setting should be based on broadcast system information. To reuse legacy CSS, a search space set can have SearchSpaceId = 0 or copy PDCCH monitoring occasion setting from pageSearchSpace. To also accommodate dedicated SS for PEI, having a ‘peiSearchSpace’ broadcasted by SIB is one possible way forward to satisfy all companies demands.

CORESET
· CORESET0: HW, Transsion, Intel, LG, QC
· Dedicated CORESET: Transsion, 
· FL suggestion: CORESET is based on a CORESET setting in broadcast system information

AL: ZTE (configurable), MTK (up to 2)
· FL suggestion: Consider limited configuration for AL


Possible Proposal:
· CORSET and search space set settings for PEI are based on broadcast system information.
· ‘peiSearchSpace’ for PEI is broadcasted
· SearchSpaceId can be configured to 0
· Only PEI DCI format is configured
· Up to [2] ALs can be configured


Identification of PEI MOs before PO
Phase-1 Discussion
Relating to identification of PEI MOs before PO, including whether and how to support one PEI indicates multiple POs (in a PF), companies’ views are collected in Table 3.

[bookmark: _Ref84360923]Table 3: Companies views related to identification of PEI MOs before PO
	Company
	Company views

	Huawei, HiSilicon
	Proposal 1: For PDCCH-based PEI, 
· Determination of PEI monitoring occasion(s) is based on,
· A search space configuration specifying periodic durations of the candidate monitoring occasions
· The search space configuration can be dedicated for PEI 
· A minimum time offset before the start of UE’s PO
· A maximum time offset between PEI monitoring occasion(s) and the start of the earlier and Kth SS burst
· FFS range and unit of the maximum time offset
· The Kth SS burst is configurable
· UE monitors all candidate monitoring occasion(s) in the earlier and first duration to the start of UE’s PO and subject to the minimum time offset w.r.t. the start of UEs’ PO and the maximum time offset w.r.t. the start of the earlier and Kth SS burst 

Observation 3: One PEI associating with multiple POs can save the resource overhead for PEI and does not introduce additional paging delay or power saving consumption.
Proposal 5: Support one PEI associating with multiple POs.

Proposal 11: The value of minimum time offset between PEI and PO should consider the conclusion in RedCap regarding whether paging reception can be configured in the separate initial DL BWPs or not.


	TCL 
	Observation 2: PEI Monitoring location referred to the incoming PO will let PEI to be used only for paging indication and cannot be used for TRS indication.

Observation 3: PEI Monitoring location referred to the previous PO for the incoming PO will let PEI to be used for both paging indication and TRS availability indication.

Proposal 3: Consider PEI Monitoring occasion referred to the previous paging occasion for the incoming paging occasion to utilize PEI efficiently for paging indication and TRS availability indication. 


	ZTE, Sanechips
	[bookmark: _Toc83732677]Proposal 2: A PEI associated with multiple POs should be supported.
[bookmark: _Toc83732678]Proposal 3: The number of POs associated with one PEI should be configurable.
[bookmark: _Toc83732679]Proposal 4: Some legacy parameters can be reused to indicate the number of POs associated with one PEI.
[bookmark: _Toc16258][bookmark: _Toc19523][bookmark: _Toc27684][bookmark: _Toc18955][bookmark: _Toc3434][bookmark: _Toc5420][bookmark: _Toc83732675][bookmark: _Toc8410][bookmark: _Toc3837][bookmark: _Toc11835][bookmark: _Toc22759][bookmark: _Toc23246][bookmark: _Toc22246][bookmark: _Toc31575][bookmark: _Toc9301][bookmark: _Toc3039][bookmark: _Toc17421][bookmark: _Toc29653][bookmark: _Toc79161241]Observation 2: Multi-beam based transmission should be supported for PEI, and the QCL information of PEI in each occasion should be associated with an SSB.
[bookmark: _Toc27691][bookmark: _Toc71707440][bookmark: _Toc79161264][bookmark: _Toc83732683][bookmark: _Toc22974][bookmark: _Toc10254][bookmark: _Toc22748][bookmark: _Toc27950][bookmark: _Toc916][bookmark: _Toc4583][bookmark: _Toc11826][bookmark: _Toc189]Proposal 8: The PEI reception window is used to determine the PEI occasion, wherein PEI reception window can be configured by an offset between the start of PEI window and the associated PO, or a reference point and an offset between the start of PEI window and the reference point.


	Transsion Holdings
	[bookmark: OLE_LINK4]Proposal 7: PEI supporting for multiple beams 

Proposal 8: Specify the setting of PEI detection time window and time offset, both of them can be flexibility configured


	Spreadtrum 
	Proposal 1: Both 1 PEI to 1 PO mapping and 1 PEI to N POs mapping are supported in R17.

Proposal 3: The actual monitoring occasions of PEI can be overlapping between windows and monitoring occasions configured by search space set. The windows are implicitly defined by higher layer parameters or rules, and each window is a time window before 1 PO or N POs.


	vivo
	Proposal 5: Define a restriction for PEI monitoring i.e., a UE can only monitor the PEI occasion(s) within the PEI window (formed by the maximum and/or minimum offsets between PEI and the associated PO).
Proposal 6: The configuration of PEI occasion should satisfy that the minimum gap between the end of PEI monitoring and the start of PO reception contains M SSB bursts, where the value of M can be 1, 2, 3 etc.
Proposal 7: The maximum offset between the starts of PEI monitoring and PO also needs to be defined.
Proposal 8:  Support N>=1 PEI monitoring occasions for one PEI transmission/reception, and PEI have the same multiple beam operations as the associated paging PDCCH.
Proposal 9:  In multiple beam operations, a UE does not expect to receiver different PEI content in different transmitted beams.
Proposal 10: One-to-one mapping between PEI and PO is supported, and one-to-multiple mapping between PEI and PO should be precluded.
Proposal 11: UE will detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO.
· Note for Behavior A: UE is not required to detect all the configured PEI occasion(s) and it can detect the PEI occasion(s) corresponding to the monitored paging PDCCH occasion(s) for the associated PO i.e., the same UE implementation can be assumed for PEI and the associated PO receptions. 


	OPPO
	Proposal 1: One-to-one and one-to-many mapping between PEI and PO should be supported.

Proposal 2: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a PDCCH monitoring occasion of the target PO.

Proposal 3: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stop monitoring PEI.

Proposal 4: Time offsets between PEI and reference point of PO groups can be used to determine the PEI monitoring occasion when one PEI is associated with multi-POs. FFS: the determination of reference point and the number of PO group.

Proposal 5: Use periodic PEI to associated with POs after it and before the next PEI.


	CATT
	Proposal 3: PDCCH-based PEI can support to indicate multiple POs.

Proposal 6: The maximum offset between PDCCH-based PEI and target PO is the SSB periodicity.

Proposal 7: PEI_offset is the number of radio frames between PDCCH-based PEI and its PO with the possible values of PEI_offset being 0 and 1.

Proposal 8: The PEI monitoring occasion in time domain could be determined by one of the following methods:
· Method 1: Target PO and offset are used to determine the PDCCH-based PEI resource in time domain.
· Target PO is the PO with PO_Index=0.
· Offset is the gap between PDCCH-based PEI and target PO.
· Method 2: The SFN of PDCCH-based PEI monitoring occasion in time domain could be derived by reference of existing procedure and configuration parameters for paging occasion in 38.304. 
· PO_Index is derived independently of the SFN of PEI monitoring occasion.


	CMCC
	Proposal 1. Support 1-to-1 and 1-to-N mapping between PEI and PO(s).

Proposal 2. PDCCH monitoring occasions for PEI are determined by PEI frame and PEI monitoring occasion:
· SFN for the PF is determined by: 
(SFNPEI + PEI_offset) mod T= (T div NPEI)*[floor(UE_ID*NPEI/N) mod NPEI],
where T is DRX cycle of the UE, N is number of total paging frames in T, NPEI is number of total PEI frames in T and PEI_offset is used for PEI frame determination.
· PEI monitoring occasion is determined by PEI search space configuration, when firstPDCCH-MonitoringOccasionOfPEI is present, the starting PEI monitoring occasion is according to firstPDCCH-MonitoringOccasionOfPEI parameter, otherwise, the starting PEI monitoring occasion of all POs are the same.


	Xiaomi
	Proposal 2: If a PEI can corresponds to M POs, then 8*M bits subgrouping information, each 8 bits corresponding to one PO should be contained in PEI.


	Samsung
	Proposal 5: Support SIB based configuration for a time offset between the start of PDCCH MOs for PEI and start of the associated PO(s).

Proposal 6: Support multi-beam operation for PDCCH based PEI, such that
· A PEI occasion is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1, and
· The Kth PDCCH monitoring occasion for PEI in the PEI occasion corresponds to the Kth transmitted SSB.


	MediaTek 
	Proposal 6: For an associated PO, the burst of PEI MOs is a set of PDCCH monitoring occasions associated with the transmitted SSBs. The burst of PEI MOs starts no early from the PF of PEI_offset radio frame(s) before the PF of the PO
· PEI_offset  with unit of T/N radio frame(s), where T and N are defined in clause 7 in TS 38.304

Proposal 7: When SearchSpaceId = 0 is configured for pagingEarlyIndSearchSpace, Ns should be either 1 or 2

Proposal 8: When SearchSpaceId other than 0 is configured for pagingEarlyIndSearchSpace, a burst of PEI MOs is a set of S consecutive PDCCH monitoring occasions where S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for the burst of PEI MOs corresponds to the Kth transmitted SSB, where K=1,2,…,S. The PDCCH monitoring occasions for PEI 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 in the PF of PEI_offset radio frame(s) before the PF of the PO. 

Proposal 9: New RRC parameter firstPDCCH-MonitoringOccasionOfPEI, analogous to firstPDCCH-MonitoringOccasionOfPO, is defined as below:
	firstPDCCH-MonitoringOccasionOfPEI   CHOICE {
sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
sCS120KHZoneSixteenthT                                                      SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
}      OPTIONAL,           -- Need R



Proposal 10: The starting PDCCH monitoring occasion number for the burst of PEI MOs associated with (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPEI parameter
· Note: Value of the firstPDCCH-MonitoringOccasionOfPEI parameter is in the range [0, (total number of OFDM symbols in T/N radio frames) – 1]

Observation 1: Larger UE power saving gain can be realized with PEI if UE can detect PEI with only coarse synchronization, assuming fine synchronization with sufficient SSBs between PEI and PO can be guaranteed when UE is paged

Proposal 11: UE does not expect the time gap between the burst of PEI MOs and PO is smaller than a minimum time gap. The minimum time gap should be at least 50 ms
· This ensures at least 2 SS bursts can be utilized for fine synchronization before PO, allowing only coarse synchronization is performed before PEI detection


	Intel 
	Proposal 6: An offset is configured to derive MOs for PEI monitoring with respect to the MOs of PO addressed by the PEI.

Proposal 7: PEI monitoring window includes same total number of MOs per PO, such as S*X consecutive MOs in total, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH MOs per SSB.

Proposal 8. First MO for PEI monitoring is identified at an offset before the first MO of the PO addressed by the PEI. 

Proposal 9. Do not support configuration of a minimum time gap between last MO of PEI monitoring and start of PO.


	NTT DOCOMO, 
	Proposed 1:  Single PEI associated with Multi POs should be supported.


	Sony
	Proposal 1 – Support PEI monitoring/transmission occasion(s) to be based on 
· a small time-gap between SSB (prior to PEI occasion) and first PEI occasion, his to reduce unnecessary state transition and synchronization cost,
· an offset with respect to the start of PO, this to determine the first PEI occasion,
· inclusion of a window or time duration, following the first PEI occasion, to accommodate multiple opportunities for PEI monitoring/transmission, this to support both flexible scheduling and co-existence with other UE traffic as well as multi-beam operation, 
· inclusion of a minimum time-gap between the last PEI occasion and the earliest PO, this to allow the UE to prepare for reception of paging DCI and paging message.

	Panasonic
	Proposal 1: In the DCI format for PEI, the early indication of one and multiple POs are both supported. The number of POs are configurable by SIB.


	Lenovo, Motorola Mobility
	Proposal 2: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.
Proposal 3: A PEI PDCCH is intended to a group of UEs associated with a set of paging frames. A size of the set of paging frames may be dependent on selected paging configuration parameter values. 
Proposal 4: A PEI PDCCH monitoring occasion(s) for a given PO is configured based on a reference PF of the given PO (e.g. the earliest PF of a particular set of consecutive PFs associated with the given PO), e.g., before a start of a reference PF in a given paging cycle.


	InterDigital, 
	Proposal 5: One-to-one mapping between PEI and PO is supported.

Proposal 6: One-to-many mapping between PEI and corresponding POs should be configurable.

Proposal 7: UE monitors the PEI PDCCH in K consecutive PDCCH monitoring occasions (where K is the number of actual transmitted SSBs) in a window according to the configured search spaces. The starting and ending points of the window are determined with reference to the firstPDCCH-MonitoringOccasionOfPO of the associated PO.


	LG Electronics
	Observation 3: UE group indication over PEI can reduce the network overhead due to the PEI transmission. 


[bookmark: _Ref83757939]Figure 2

Proposal 10: Define PEI Occasion, which is a set of PDCCH monitoring occasions. 
· The PDCCH monitoring occasions for PEI are determined according to [PEISearchSpace] and [firstPDCCH-MonitoringOccasionOfPEI]
· When SearchSpaceId = 0 is configured for [PEISearchSpace], the PDCCH monitoring occasions for PEI are same as for RMSI
· When SearchSpaceId other than 0 is configured for [PEISearchSpace], the UE monitors the PEI occasion where is configured via higher layer 

Proposal 11: Define PEI Frame, which is one Radio Frame and contains one PEI Occasion or starting point of a PEI Occasion.
· PEI Frame is determined by offset from the PF


	Apple
	Proposal 4: An offset relative to the start of the paging frame for the PO is configured for PEI monitoring.

Proposal 5: Mapping of PEI monitoring occasions to SSB/beam is implicitly derived, reusing the mechanism for paging PDCCH.


	Ericsson
	[bookmark: _Toc84009773]Observation 5: From the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.
[bookmark: _Toc84009774][bookmark: _Toc54381099]
Observation 6: PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.

[bookmark: _Toc7813653][bookmark: _Toc84009794]Proposal 12: PO-specific configuration of the PEI search window includes an offset from the paging frame (PF) associated with the PO ranging at least up to 3 SSBs prior to PF and includes a window of PEI monitoring occasions during which the UE searches for PEI.


	Qualcomm 
	[bookmark: o1]Observation 1: Aligning SSB and PEI location allows UE to wake up only once to receive both the SSB and the PEI and can save UE power.

[bookmark: p3]Proposal 3: To determine the PEI location, reference time of the PEI is based on SSB and the UE monitors PEI within a window after the associated SSB of the first SSB burst before the PO. Network configures the time offset between the associated SSB and start of the PEI monitoring window and duration for the window. 

[bookmark: p4][bookmark: p5]Proposal 4: Network separately configures aggregation level and repetition number of PEI occasions for the PDCCH-based PEI. Beam sweeping pattern of PEI follows the same rule as that for the paging PDCCH.


	Nordic 
	Proposal-3: 
· For PEI monitoring a gNB may configure
· monitoring window by minimum and maximum offset relative to PF
· pei-SearchSpace which can be full SearchSpace or MIB-configured SS#0
· PEI-RNTI
· payload size of DCI format
· position of DCI field 
· UE monitors PEI in all MOs of the monitoring window

Proposal-4: How many SSBs are between minimum monitoring offset and PF is left up to gNB configuration.


	Nokia
	Proposal: A single PEI should be able to address multiple POs to reduce PEI (PDCCH) indication overhead.

Proposal: Define the reference location for PEI monitoring, PEI frame (PEI-F), based on offset to PF. Offset could be defined in radio frames, and be separate for each PF.

Proposal: Define a PO specific offset, PEI-O, (e.g. ‘firstPDCCH-MonitoringOccasionOfPEI’) in relation to PEI monitoring reference location PEI-F. Offset could be defined in symbols and be separate for each PO.

Proposal: Determine the valid PDCCH-PEI monitoring occasions from the search space configuration (e.g. ‘pagingSearchSpace’ or ‘peiSearchSpace’) based on monitoring occasion timing indicated by PEI-F and PEI-O (e.g. ‘firstPDCCH-MonitoringOccasionOfPEI’), slot configuration and number of actually transmitted SSBs.

[image: ]

Observation: If Type0-PDCCH CSS is re-used for PEI monitoring, PEI-PF offset can be used to indicate the PEI monitoring occasion corresponding to the PF/PO.

Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the PEI is active.

Observation: Minimum time gap between PO and PEI should enable UE to acquire synchronisation for paging message reception.

Observation: It may not be beneficial to consider different UE capabilities for the minimum gap, but that a single minimum gap value that applies to all UEs should be identified.  

Proposal: RAN1 discusses and agrees single minimum time gap value between PEI and PO.


	DENSO 
	Proposal 10:	The time offset between PEI occasion(s) and the start of UE’s PF is at least needed.




Identification of PEI MOs before PO:
· Configurable PEI detection window and time offsets (w.r.t. PO and/or SSB) (18): HW, ZTE, Transsion, Spreadtrum, vivo, OPPO, Sony, InterDigital, Ericsson and the following companies
· Extend the design for PO (clause 7 of TS 38.304) (9): CATT, CMCC, Samsung, MTK, Intel, LG, Apple, QC, Nokia
· PDCCH MO of previous PO (1): TCL
· FL suggestion: Majority companies agree to have flexible setting. Given there is specified association between PO and SSB and a framework for determination of POs, extending existing design for PO (clause 7 of TS 38.304) looks a possible way forward to achieve flexible configuration and consistent design with PO identification.


Possible proposal (based on companies’ extension on legacy PO identification):
· For a target PO, a PEI Occasion (PEI-O) is MOs are a set of PDCCH monitoring occasions associated with the transmitted SSBs. Reference PEI frame (PEI-F) start is subject to PEI_offset (in unit of T/N radio frame(s)) before PF of the PO
· T and N are defined in clause 7 in TS 38.304
· Determination of PEI-O MOs before PO is in analogy of determination of PO specified in clause 7 of TS 38.304 expect for the following difference:
· Reference frame is offset from PF to PEI-F
· ‘pagingSearchSpace’ is changed to ‘peiSearchSpace’
· ‘firstPDCCH-MonitoringOccasionOfPO’ is changed to ‘firstPDCCH-MonitoringOccasionOfPEI’ while reusing the same definition of ‘firstPDCCH-MonitoringOccasionOfPO’
· Assume X = 1
· FFS: Additional update for one set of PEI MOs to provide paging indication for up to Ns POs in a PF


Define minimum time offset between PEI and PO:
· Yes (9): HW (configurable), ZTE (configurable), Transsion (configurable), vivo (1/2/3 SS burst period(s)), MTK (specified: [50] ms), Sony, Ericsson (Up to 3 SSBs), Nordic (gNB configuration), Nokia (single value specified), DENSO
· No (1): Intel
· FL suggestion: Given different CFO sensitivity for PDCCH-based PEI and paging PDSCH, it is reasonable to provide additional synchronization resource SSB or TRS for UE fine synchronization before PO. The minimum assume can be adjusted if there is significant issue identified.

Define maximum time offset between SSB and PEI:
· Yes (3): HW (configurable), Sony, QC
· No (1): Ericsson
· FL suggestion: FFS whether and how to ensure PEI is close to SSB 

Possible agreement:
After detecting paging indication from PEI, UE can expect at least [1] SS burst between PEI MOs and PO.
· FFS whether and how to ensure PEI MOs are close to a SS burst


Other Remaining Issues


	Company
	Company views

	Huawei, HiSilicon
	Proposal 9: The agreements and progress in RedCap need to be carefully considered in PEI discussion to ensure PEI utilization on RedCap UE, as required by RedCap WID.


	TCL 
	

	ZTE, Sanechips
	

	Transsion Holdings
	

	Spreadtrum 
	

	vivo
	

	OPPO
	

	CATT
	

	CMCC
	

	Xiaomi
	Proposal 4: Not to support cross-slot scheduling with extended k0.


	Samsung
	

	MediaTek 
	

	Intel 
	

	NTT DOCOMO, 
	

	Sony
	

	Panasonic
	

	Lenovo, Motorola Mobility
	

	InterDigital, 
	

	LG Electronics
	

	Apple
	Proposal 8: Support separate PO configurations for legacy UEs and new UEs.


	Ericsson
	[bookmark: _Toc84009795]Proposal 13: RAN1 to discuss UE behavior w.r.t. PO PDCCH monitoring (e.g. to acquire ETWS/CMAS/SI updates) even when UE determines that PEI indicates no paging in corresponding PO. Potentially, this behavior could be configurable by the NW.
[bookmark: _Toc84009796]
Proposal 14: In case of collision with other activity, rendering the UE unable to perform PEI decoding (for example when entering the cell in-between the PEI and PO occasion), the UE shall for that PO fall back to regular PO monitoring as per legacy procedures. 

[bookmark: _Toc84009797]Proposal 15: RAN1 to discuss other scenarios (e.g., fluctuating channel conditions) for which the UE falls back to regular PO reception as per legacy procedures. 


	Qualcomm 
	Proposal 5: Transmit power of the PEI is configured based on a power offset to the SSS in the PEI configuration.

[bookmark: o2]Observation 2: Allowing PEI and paging PDCCH to carry different availability information forces the UE that supports PEI to always decode the paging PDCCH.

[bookmark: p6]Proposal 6: PEI and paging PDCCH carry the same availability information before the TRS availability indication in both signaling take effect and both take effect at the same time.


	Nordic 
	Proposal-5: Consider introducing wide-band PDCCH DMRS transmitted in an entire CORESET configured by SIB1 or MIB during PEI monitoring occasions to facilitate sequence-based detection of PEI presence and/or to facilitate PDCCH DMRS for consequent finer-synchronization.
narrow-band precoding can be assumed in CORESET#0, i.e. no change from R15/R16.


	Nokia
	

	DENSO 
	





[bookmark: _Ref68686484]Summary
From the above inputs from companies’ contributions, the following proposals are suggested for further discussion and decision:

New DCI format (Section 2.1)
Possible Proposal 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one PO (if UE paging subgrouping is not configured)
· One PEI can indicates Ns PO(s) in a PF (Ns as defined in TS38.304)
· The maximum number of total bits for paging indications to UE subgroups in PEI DCI format is 32
· A new PEI-RNTI is utilized for CRC scrambling

Possible Proposal 
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.


Higher-layer configuration, including SS (Section 3.1)
Possible Proposal:
· CORSET and search space set settings for PEI are based on broadcast system information.
· ‘peiSearchSpace’ for PEI is broadcasted
· SearchSpaceId can be configured to 0
· Only PEI DCI format is configured
· Up to [2] ALs can be configured


Identification of PEI MOs before PO (Section 4.1)
Possible proposal (based on companies’ extension on legacy PO identification):
· For a target PO, PEI MOs are a set of PDCCH monitoring occasions associated with the transmitted SSBs. Reference PEI frame (PEI-F) start is subject to PEI_offset (in unit of T/N radio frame(s)) before PF of the PO
· T and N are defined in clause 7 in TS 38.304
· Determination of PEI MOs before PO is in analogy of determination of PO specified in clause 7 of TS 38.304 expect for the following difference:
· Reference frame is offset from PF to PEI-F
· ‘pagingSearchSpace’ is changed to ‘peiSearchSpace’
· ‘firstPDCCH-MonitoringOccasionOfPO’ is changed to ‘firstPDCCH-MonitoringOccasionOfPEI’ while reusing the same definition of ‘firstPDCCH-MonitoringOccasionOfPO’
· Assume X = 1
· FFS: Additional update for one set of PEI MOs to provide paging indication for up to Ns POs in a PF


Possible agreement:
After detecting paging indication from PEI, UE can expect at least [1] SS burst between PEI MOs and PO.
· FFS whether and how to ensure PEI MOs are close to a SS burst
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