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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID identified potential paging enhancements as one of the major areas for RAN1 work [1].

	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 #100-2 meeting
…


Rel-17 paging enhancements include two main topics, UE subgrouping and paging early indication (PEI). It has been concluded in early RAN1 meetings that a maximum number of 8 subgroups per paging occasion (PO) can be configured by network. With UE subgrouping, network can separately page UEs associated with the same PO in smaller size subgroups. As a result, the probability for unnecessary paging PDSCH decoding when the UE is not paged is reduced. Between two candidate PEI designs, i.e., the PDCCH-based and SSS-based, the PDCCH-based solution was down selected. The two candidate solutions both have some technical advantages in comparison to the other one. For example, SSS-based solution allows for the wakeup receiver type of architecture for low UE power operation. While PDCCH-based solution is relatively simpler in terms of design efforts. Given the limited remaining meeting timing for Rel-17 WID, adopting PDCCH-based PEI design is deemed a better way for the Rel-17 work item to complete in a timely manner. PEI is an early indication for the UE to wake up in the upcoming PO. Potential power saving gain comes from alignment between PEI occasion and SSB and skipping of SSBs between PEI and PO if the UE is not paged. It is understood that the power saving gain highly depends on UE implementation. I.e., a technique that is beneficial to one implementation may not be beneficial to another implementation at all. Forcing all UEs implementations to support all these power saving techniques or all configurations of a technique is not a practical assumption. There was consensus that PEI should at least be configured as a wakeup signal, i.e., the UE does not process paging PDCCH of the upcoming PO if it does not detect the PEI. There was a debate on whether PEI should be also optionally configured as a go-to-sleep signal, i.e., UE processes process paging PDCCH if it does not detect the PEI. Network configured switching between these two got some support due to the reason that the Rel-16 connected mode wakeup signal design also supports these two types of signals based on network configuration. However, the PEI go-to-sleep function is not exactly as necessary as Rel-16 connected mode WUS because UE paging rate normally is quite low (10% assumed for WI evaluation) but UE CDRX wakeup rate can be arbitrarily high (e.g., ~100%). Eventually only the WUS function of was adopted as essential feature for Rel-17.
In this paper, we will discuss the remaining issues of PEI design towards the competition of Rel-17 paging enhancements feature.
Paging early indication design
During the RAN #93-e meeting, PDCCH-based PEI was down selected for Rel-17 paging enhancements [2]. Most bullets of the RAN conclusion below have become RAN1 agreements in more details. But there are still some remaining issues for PEI configuration and TRS availability indication carried in PEI. For the latter, companies have different understanding on “same mechanism/principle” for TRS availability indication based on PEI and paging PDCCH. Our understanding is the TRS availability indication should be exactly the same in the two DCIs such that UE gets the same TRS availability information from both.
	Conclusion for Issue 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 



PEI PDCCH Configuration
In RAN1 #107-e, the following agreements were made for configurations of the PEI PDCCH [3].
	Agreement
For PEI DCI format, defined as DCI format 2_7,
Total number of bits for paging indication filed is POnumPerPEI, if  is absent or set to 0 or 1, and the number is  if  is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
· Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
· Support configurable DCI payload size which should be no larger than payload size of paging DCI
· Unused bits, when applicable, are regarded as reserved bits
· Note: A smaller payload size is beneficial for PEI detection performance
Agreement
The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table. Actual aggregation levels and PDCCH candidates are provided by ‘peiSearchSpace’ configuration in SIB.
	CE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1


Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0



A new DCI format 2_7 is defined for the PEI PDCCH. CORESET of the PEI PDCCH is configured to be either CORESET #0 or commonControlResourceSet configured in SIB1. As commonControlResourceSet is contained in CORESET #0 bandwidth, PEI PDCCH will never be monitored outside the CORESET #0 bandwidth which is the initial DL BWP for initial access. 
Rel-17 supports the configuration of a dedicated search space (‘peiSearchSpace’) for PEI PDCCH. peiSearchSpace can be configured to be one of the up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0. There were debates on the use of SearchSpaceId = 0 for PEI PDCCH. Some companies had UE implementation concerns on CORESET/SSB multiplexing patterns 2 and 3 for the support of SearchSpaceId = 0 for PEI PDCCH. In this case, the UE may need to buffer samples of both PEI PDCCH and SSB, update tracking loops with SSB and then decode the PEI PDCCH. The offline processing of this assumed design could be challenging to certain implementations. However, supporting pattern 2 and 3 PEI PDCCH CORESET/SSB multiplexing does have power saving benefits. This is because the UE can use a single wakeup to receive both the PEI and SSB. Note that the current agreement does not preclude network to configure the peiSearchSpace for PEI occasion and SSB to follow pattern 2 and 3. This is future compatible and can be beneficial in long term. For Rel-17, if peiSearchSpace is configured based on pattern 2 and 3 but UE implementation cannot handle it, the UE should be allowed to not receive the PEI PDCCH. This actually leads to a bigger discussion: whether the network configuration of PEI should take into account all UE implementation concerns from companies and hence guarantee that the configuration is friendly so that all UEs should always receive the PEI PDCCH once configured, or the UE is allowed to not receive the PEI PDCCH if the specific configuration is not beneficial even if the UE supports Rel-17 paging enhancement feature. Our understanding is the latter based on current RAN1 discussions for PEI design. This will be discussed in more details for location of PEI occasion. 
[bookmark: o1]Observation 1: Although support of SearchSpaceId = 0 for PEI PDCCH was not explicitly agreed, the related RAN1 #107-e agreement does not preclude network to configure the peiSearchSpace such that monitoring occasion for PEI PDCCH and SSB follow the CORESET/SSB multiplexing Pattern 2 or 3 which has power saving benefit for the UE to use one wakeup to receive both the PEI and SSB. UE is allowed to not receive the PEI PDCCH if the UE implementation cannot handle this PEI configuration.
[image: ]
[bookmark: _Ref86927325]Figure 1: CORESET/SSB multiplexing patterns

Payload size of PEI PDCCH is configured by network and is not larger than the payload size of paging PDCCH. The reason is because the missed detection probability of PEI PDCCH should be much lower than paging PDCCH so that the joint missed detection probability of PEI PDCCH and paging PDCCH is almost same as legacy paging PDCCH detection. Aggregation levels and number of PDCCH candidates for PEI PDCCH are configured by network with AL value set {4, 8, 16} and the number of PDCCH candidates for each AL is not larger than that for paging PDCCH, i.e., {4,2,1}. When PEI PDCCH payload size is close to that of the paging PDCCH, network may configure a larger AL for the PEI PDCCH to meet the missed detection performance requirement. Configuring PEI PDCCH payload size same as that of the paging PDCCH allows the UE to use same blind decode for both PEI PDCCH decoding and paging PDCCH decoding if the two PDCCHs are configured in same search space set. Then additional processing efforts for PEI PDCCH is negligible. However, this may not provide power saving benefit intended by Rel-17 paging enchantments because although probability of unnecessary PDSCH decoding is reduced by subgrouping, additional PDCCH decoding for PEI PDCCH is needed for the UE when its subgroup is paged.
There looked a consensus to support a new PEI-RNTI for PDCCH PEI during RAN1 #107-e email discussion. However, companies still have different opinions on whether this RNTI should be configured or defined in the NR standard. The dedicated PEI-RNTI does not mean its value has to be always different than the legacy P-RNTI. For example, if PEI PDCCH payload size is different than that for the paging PDCCH, there is no ambiguity between the two PDCCHs even if they are configured in the same search space set on overlapping PDCCH candidates and scrambled by the same RNTI. As mentioned above, there is no essential power saving benefit by configuring the two PDCCHs for same UE in same search space set on overlapping PDCCH candidates. Then, there may not be ambiguity between the two PDCCHs at all. Based on this, we think it is better to have a network configured PEI-RNTI so that if there is no ambiguity between PEI PDCCH and paging PDCCH, value of PEI-RNTI can be configured identical to P-RNTI. In case there is ambiguity which think unnecessary, network still have the flexibility to configure PEI-RNTI to be different than P-RNTI.
[bookmark: p1]Proposal 1: A dedicated PEI-RNTI is configured by network for CRC scrambling of PEI PDCCH.

Mapping of UE Group/Subgroup
In RAN1 #107-e, the following agreements were made for the mapping between PEI bits in DCI format 2_7 to UE groups and subgroups. The design covered both the cases when UE subgrouping is configured and not configured.
	Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
· POnumPerPEI is a factor of  (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
· Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
· Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).
Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of  segment(s) of K bit
· K = 1, if  is absent or set to 0 or 1,
· K =  , if  is configured.
· UE identifies its paging indication bit as follows:
· Let  denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· , where  , , and are as defined in clause 7 of TS 38.304
·  when K = 1 and UE is not provided a subgroup index
·  when UE is provided a subgroup index
· UE checks the corresponding paging indication from  -th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO



One bit in the DCI format 2_7 for PEI indicates one UE subgroup if subgrouping is configured or one UE group associated with a PO if subgrouping is not configured. Bit 1 indicates UE to process the paging PDCCH and 0 indicates UE not to process the paging PDCCH. Information bits of one PEI can be mapped to  PO(s) in one or two PFs. Value range of  is {1, 2, 4, 8} where value 8 covers the maximum number of 4 POs configured in each PF when two PFs are associated with the PEI. The paging indication field has  bit segments each of  bits if subgrouping is configured by network, otherwise . Based on this, the total number of bits for paging indication filed is  if subgrouping is not configured and is  if subgrouping is configured. 
In order to determine its associated bit in the PEI payload, UE first determines the bit segment based on UE’s PO index within the entire paging cycle. The PO index is consecutively counted for POs across all PFs in the paging cycle. Then it is mapped to a segment after modulo operation of the PO index with . If subgrouping is configured, within the bit segment, the UE’s subgroup index is used to determine the bit index of the paging indication for the UE’s. This procedure can be illustrated by the following figure.
[image: ]
Figure 2: Mapping from UE’s subgroup to PEI payload

The mapping function has enough flexibilities to support a various number of POs and associated UE subgroups configured in one or two PFs. It does not preclude the configuration that one PEI is mapped to two PFs belonging to two different paging cycles. Note that one paging cycle has an even number of PFs. There seems no need to consider the case that the first PF mapped to the PEI is an odd numbered PF within the paging cycle although there seems no obvious harm to have such a configuration. It may be more convenient for network implementation to limit paging operation for all UEs within each paging cycle. There can be a similar concern for UE implementation. To keep the design simple without potential implantation issues, we propose to preclude PEI mapping across paging cycle boundary.
[bookmark: p2]Proposal 2: If two PFs are associated with a PEI, the two PFs belong to the same paging cycle.

Location of PEI Occasion
On location of PEI occasion, the following agreement was made in RAN1 #107-e.
	Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.



PEI occasion (PEI-O) for PEI PDCCH is analogous to paging occasion for paging PDCCH. Location of PEI-O is determined by a reference point and symbol-level offset to the reference point. The reference point is the start of the frame determined by a frame-level offset from the start of the first PF of PF(s) associated with the PEI-O. There is a symbol-level offset from the reference point to the start of the first PDCCH monitoring occasion (MO) of PEI-O. Both the frame-level offset and the symbol-level offset are configured via SIB for the cell. The figure below shows the relationship between the PEI-O and the associated PFs.
[image: ]
Figure 3: PEI-O location

From the agreement, it is not clear whether the search space set for the PEI PDCCH is configured to be floating in time (similar to the paging PDCCH search space set) or to have a start determined by the search space set configuration based on the offset information embedded in monitoringSlotPeriodicityAndOffset in the IE SearchSpace similar to regular search space set. Both options would work because both search space set occasions and PFs are periodic in time and network can always configure a PEI-O that satisfies the time domain relationship (i.e., frame and symbol level offsets) to the associated PFs. However, there is a slight difference between the two options for UE to determine the PEI-O location associated with its PF.
If the search space set configuration of PEI has a floating start, UE needs to explicitly know which PF is the first PF for the two consecutive PFs that contains the UE’s PF. I.e., if two PFs are associated with a PEI, the UE needs to know whether the first PF is the UE’s PF or the PF prior to the UE’s PF. If the search space set configuration of the PEI PDCCH explicitly provides the start of PEI-O, the start should be compatible with PF configuration and the frame-level as well as symbol-level offsets. I.e., the UE is not expected to be configured with search space set of PEI that does not satisfy the frame-level and symbol-level offset with any PF which is either its own PF or the PF prior to its PF. For the second understanding, the UE may need to hypothetically look for the PEI-O twice by assuming either its PF is the first PF or the PF prior to its PF is the first PF.
[bookmark: p3]Proposal 3: Clarify whether the first PF of PFs associated with a PEI-O is based on 
· Understanding 1: PDCCH monitoring occasions of peiSearchSpace on the PEI occasion have a floating start (similar to paging PDCCH). Need to explicitly define the first PF associated with the PEI, e.g., every even numbered PF in the paging cycle is a first PF if two PFs are associated with a PEI-O.
· Understanding 2: Configuration of peiSearchSpace provides start of the first PEI PDCCH monitoring occasion of the PEI-O based on the offset information embedded in monitoringSlotPeriodicityAndOffset in IE SearchSpace. UE hypothetically (i.e., at most twice) derives the PEI-O location by either assuming its PF is the first PF or the PF prior to its PF is the first PF. The one that complies with peiSearchSpace configuration and the frame/symbol-level offsets is used to determine the PEI-O.
The frame-level and symbol-level offsets can be configured such that the PIE-O is aligned with the transmitted SSB. This has the essential power saving benefit because UE can use a single wakeup to receive the SSB for tracking loops and PEI. To align a PEI-O with SSB of a typical 20ms periodicity, the frame-level offset needs to cover a duration of up to two radio frames. Minimum value of the frame-level offset can be 0 if the first PO of POs associated with the PEI-O and the SSB before the PO fall in the same frame duration. In addition, the symbol-level offset can further adjust the location of PEI-O within the duration of a radio frame to align the PEI-O with the SSB. 
[bookmark: p3_1]Proposal 4: Range of the frame-level offset for PEI-O is {0, 1, 2}. Range of the symbol-level offset is from 0 to  to cover the duration of a radio frame where  is the numerology factor of the initial DL BWP.
In our contribution to RAN1 #107-e [4], we proposed network PEI-O configuration should guarantee alignment between PEI-O and the SSB, preferably to have PEI PMO and the SSB in the same slot. If SSB and PEI PMO are close, UE can use a single wakeup to receive the SSB for tracking loop update and for PEI reception. This effect would have been achieved by Rel-15 paging occasion design by always configuring PO aligned with SSB. Rel-17 provides a second opportunity for UE to save power by receiving SSB and paging indication now in PEI within the same UE wakeup. While there were concerns on our proposal in network configuration flexibility and UE implementation, the power saving effect did get recognized when PEI and SSB are aligned. To reflect this technical discussion, a note (“Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.”) was captured in the agreement for location of PEI-O as a guidance for practical UE and network implementation and IoDT. 
Given that no consensus can be achieved in RAN1 #107-e requiring network only configure PEI favorable for UE implementation and enable essential power saving effect (it also implies UE will always monitor the PEI-O if it supports Rel-17 paging enhancement), RAN1 discussed another approach such that if the UE does not find the configured PEI provide essential power saving gain, it can choose to not monitor the PEI-O or certain PEI PDCCH monitoring occasions. The following proposed conclusion was discussed during RAN1 #107-e email discussions and there was no objection before end of the meeting. For RAN1 # 107-bis-e, we propose RAN1 agrees on the proposed conclusion and capture it in the meeting note.
	Proposed conclusion:
For a UE supporting R17 paging enhancement feature, it is RAN1 understanding that it is up to UE implementation whether the UE monitors the MO(s) for a PEI (No RAN1 spec impact)
· If UE decides to not to monitor PEI, it has to monitor UE’s PO as defined in 38.304 (No RAN1 spec impact)



[bookmark: p3_2]Proposal 5: RAN1 agrees on the following proposed conclusion that has been thoroughly discussed during RAN1 #107-e email discussions.
· Proposed conclusion:
· For a UE supporting R17 paging enhancement feature, it is RAN1 understanding that it is up to UE implementation whether the UE monitors the MO(s) for a PEI (No RAN1 spec impact)
· If UE decides to not to monitor PEI, it has to monitor UE’s PO as defined in 38.304 (No RAN1 spec impact)

PEI for RedCap UE
In RAN1 #107-e, the following agreements were made for RedCap UE initial DL BWP, SSB and paging configurations.
	Agreement 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
Agreement
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation (except for standalone use for RRM measurement) based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB
Agreement
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB



The agreements can be summarized as follows:
· The RedCap separate initial DL BWP can contain CD-SSB. Then the separate initial DL BWP can be used for paging
· Otherwise, if RedCap separate initial DL BWP is configured for paging, it should contain NCD-SSB. This is a working assumption.
If the working assumption is agreed, the separate initial DL BWP will always contain SSB either CD or NCD, then network should also configure PEI in the separate initial DL BWP. Benefit of such a configuration is the UE can stay in the separate initial DL BWP all the time for SSB reception, PEI monitoring and PO processing. Otherwise, if PEI is configured in the regular initial DL BWP, the UE has to perform BWP switch for the paging procedure and the benefit of SSB in the separate initial DL BWP diminishes.
[bookmark: p4]Proposal 6: If the working assumption for RedCap separate initial DL BWP that “If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell” is agreed, network configures PEI in the separate initial DL BWP.

Conclusions
In this paper, we discussed idle/inactive UE paging enhancement techniques for NR Rel-17 power saving. We made the following observations and proposals
Observation 1: Although support of SearchSpaceId = 0 for PEI PDCCH was not explicitly agreed, the related RAN1 #107-e agreement does not preclude network to configure the peiSearchSpace such that monitoring occasion for PEI PDCCH and SSB follow the CORESET/SSB multiplexing Pattern 2 or 3 which has power saving benefit for the UE to use one wakeup to receive both the PEI and SSB. UE is allowed to not receive the PEI PDCCH if the UE implementation cannot handle this PEI configuration.

Proposal 1: A dedicated PEI-RNTI is configured by network for CRC scrambling of PEI PDCCH.
Proposal 2: If two PFs are associated with a PEI, the two PFs belong to the same paging cycle.
Proposal 3: Clarify whether the first PF of PFs associated with a PEI-O is based on 
· Understanding 1: PDCCH monitoring occasions of peiSearchSpace on the PEI occasion have a floating start (similar to paging PDCCH). Need to explicitly define the first PF associated with the PEI, e.g., every even numbered PF in the paging cycle is a first PF if two PFs are associated with a PEI-O.
· Understanding 2: Configuration of peiSearchSpace provides start of the first PEI PDCCH monitoring occasion of the PEI-O based on the offset information embedded in monitoringSlotPeriodicityAndOffset in IE SearchSpace. UE hypothetically (i.e., at most twice) derives the PEI-O location by either assuming its PF is the first PF or the PF prior to its PF is the first PF. The one that complies with peiSearchSpace configuration and the frame/symbol-level offsets is used to determine the PEI-O.
Proposal 4: The range of the frame-level offset for PEI-O is {0, 1, 2}. The range of the symbol-level offset is from 0 to  to cover the duration of a radio frame where  is the numerology factor of the initial DL BWP.
Proposal 5: RAN1 agrees on the following proposed conclusion that has been thoroughly discussed during RAN1 #107-e email discussions.
· Proposed conclusion:
· For a UE supporting R17 paging enhancement feature, it is RAN1 understanding that it is up to UE implementation whether the UE monitors the MO(s) for a PEI (No RAN1 spec impact)
· If UE decides to not to monitor PEI, it has to monitor UE’s PO as defined in 38.304 (No RAN1 spec impact)
Proposal 6: If the working assumption for RedCap separate initial DL BWP that “If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell” is agreed, network configures PEI in the separate initial DL BWP.
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