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Introduction
In RAN1#107bis-e meeting [1][2], the remaining updates to RRC parameters are completed [3] and the remaining FFS items are also addressed [4]. In this contribution, we would like to investigate the following three topics, toward closing all remaining issues:

· (Section 2.1) Remaining FFS related to PEI-O location design
	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) - 



· (Section 2.2) Confirmation of working assumption on SS#0 for PEI-O and clarification for TS 38.304
	Working assumption
· SearchSpaceId = 0 can be configured forpeiSearchSpace for the case of CORESET multiplexing pattern 2 or 3



· (Section 2.3) Application delay for PEI-based paging indication(s)


Maintenance on Paging Early Indication Design
Remaining FFS related to PEI-O location design
In RAN1#107bis-e meeting, there is one remaining FFS related to PEI-O location design:
	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) - 



In [5], it is proposed to pose such restriction to simplify UE design: “If two PFs are associated with a PEI, the two PFs belong to the same paging cycle.” On the other hand, the need of such restriction looks no obvious harm according to the last paragraph of Section 2.2 in [5]:

	Last paragraph, Section 2.2, R1-2200298

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. …



By the above, the following simple conclusion is suggested to close this remaining FFS:

[bookmark: _Ref95773486]Conclusion 1: The following restriction is not included for PEI:
· If two PFs are associated with a PEI, the two PFs belong to the same paging cycle
Confirmation of working assumption on SS#0 for PEI-O and clarification for TS 38.304
In RAN1#107bis-e meeting, the following working assumption is agreed:
	Working assumption
SearchSpaceId = 0 can be configured forpeiSearchSpace for the case of CORESET multiplexing pattern 2 or 3



Since CORESET multiplexing patterns 2 and 3 can multiplex PEI and SSB in FDM manner, it is beneficial to minimize the beamforming overhead for PEI in the deployments requiring extensive beamforming (e.g., FR2). On the other hand, the benefit of CORESET multiplexing pattern 1 can already be achieved with existing PEI-O framework. In this regard, there is no issue to confirm the working assumption:

[bookmark: _Ref95773501]Proposal 1: Confirm the following working assumption:
	Working assumption
SearchSpaceId = 0 can be configured forpeiSearchSpace for the case of CORESET multiplexing pattern 2 or 3


 
When SS#0 is utilized by PO, there is special description in clause 7 of TS 38.304 [6] for PO realization which depends on the value of Ns parameter:
	When SearchSpaceId  =  0  is  configured  for  pagingSearchSpace, Ns  is  either 1 or 2. For  Ns  = 1, there is  only  one PO which  starts  from  the first PDCCH  monitoring  occasion  for paging  in  the PF. For Ns  = 2, PO  is  either in  the first half frame (i_s  = 0) or the second  half  frame (i_s  = 1) of  the PF.



Since there can be one PEI-O associated with 2 POs for the case Ns = 2, direct reuse of the same description as PO is not reasonable. On the other hand, since PEI-O association with SSB has been clearly defined, and network can configure the time offsets, i.e., PEI-F_offset and firstPDCCH-MonitoringOccasionOfPEI-O, to explicitly specify the start of PEI-O, therefore there is no need to include a specifical PEI-O description for the case SS#0 is utilized. For clarification, the following conclusion is suggested:

[bookmark: _Ref95773547]Conclusion 2: PEI-O definition and location determination are independent from the configured value of SearchSpaceId in peiSearchSpace

	Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured


	Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB


	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.




Application delay for PEI-based paging indication(s)
The final design of PEI-O location determination emphasizes network configuration flexibility. It is not precluded that PEI can be placed right before PO. In this case, there is no warm-up time for UE to prepare PO reception, and UE needs to keep RF reception and sampling after PEI reception in order not to miss buffering paging PDSCH, even though PEI finally indicates that UE is not paged.

According to Table 10.3-1 of TS 38.213, connected mode UE can report requirement of a 3-ms time gap between Rel-16 DCP/WUS and the start of the associated DRX on-duration. It allows UE to first enable short duration of RF reception on DCP/WUS, disable RF reception, and decide whether to resume RF reception for upcoming DRX on-duration based on DCP/WUS outcome. It is not reasonable to require idle/inactive mode UE to perform more power consuming reception than a connected mode UE. Therefore, a larger time gap than 3 ms between PEI and PO should be accommodated.

[bookmark: _Ref95773581]Observation 1: It is not precluded that PEI can be placed right before PO. In this case, there is no warm-up time for UE to prepare PO reception, and UE needs to keep RF reception and sampling in order not to miss buffering paging PDSCH, even though PEI finally indicates that UE is not paged.

[bookmark: _Ref95773586]Observation 2: Connected mode UE can report requirement of a 3-ms time gap between Rel-16 DCP/WUS and the start of the associated DRX on-duration. It allows UE to first enable short duration of RF reception on DCP/WUS, disable RF reception, and decide whether to resume RF reception for upcoming DRX on-duration based on DCP/WUS outcome. It is not reasonable for idle/inactive mode UE to perform more power consuming reception than a connected mode UE.

[bookmark: _Ref95773597]Proposal 2: For paging early indication by DCI format 2_7, an application delay of [5] ms is introduced.
[bookmark: _Ref92736410][bookmark: _Ref95414246]
[bookmark: _Ref95773603]Proposal 3: Adopt the following text proposal to Section 10.4A of TS 38.213: 
	<Unchanged parts are omitted>

A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided 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.

If , the number of symbols from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7 that is associated with paging occasion index  is the -th value from the  values provided by firstPDCCH-MonitoringOccasionOfPEI-O.

UE is not expected to receive the indicated PO within application delay of 5 ms after the paging indication is provided by the associated DCI format 2_7.
<Unchanged parts are omitted>





[bookmark: _Ref68686484]Summary
In this contribution, the following observations and proposals are provided:

Conclusion 1: The following restriction is not included for PEI:

Proposal 1: Confirm the following working assumption:
	Working assumption
SearchSpaceId = 0 can be configured forpeiSearchSpace for the case of CORESET multiplexing pattern 2 or 3


Conclusion 2: PEI-O definition and location determination are independent from the configured value of SearchSpaceId in peiSearchSpace

	Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured


	Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB


	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.




Observation 1: It is not precluded that PEI can be placed right before PO. In this case, there is no warm-up time for UE to prepare PO reception, and UE needs to keep RF reception and sampling in order not to miss buffering paging PDSCH, even though PEI finally indicates that UE is not paged.


Observation 2: Connected mode UE can report requirement of a 3-ms time gap between Rel-16 DCP/WUS and the start of the associated DRX on-duration. It allows UE to first enable short duration of RF reception on DCP/WUS, disable RF reception, and decide whether to resume RF reception for upcoming DRX on-duration based on DCP/WUS outcome. It is not reasonable for idle/inactive mode UE to perform more power consuming reception than a connected mode UE.


Proposal 2: For paging early indication by DCI format 2_7, an application delay of [5] ms is introduced.


Proposal 3: Adopt the following text proposal to Section 10.4A of TS 38.213:
	<Unchanged parts are omitted>

A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided 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.

If , the number of symbols from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7 that is associated with paging occasion index  is the -th value from the  values provided by firstPDCCH-MonitoringOccasionOfPEI-O.

UE is not expected to receive the indicated PO within application delay of 5 ms after the paging indication is provided by the associated DCI format 2_7.

<Unchanged parts are omitted>
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