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Introduction
In RAN1#107-e meeting, paging enhancements for power saving was discussed, and the following agreements were made [1].
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
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 POnumPerPEI 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  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
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
· 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.
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
In this contribution, the remaining issues on Paging enhancements for power saving are discussed.
Paging early indication for paging reception
RNTI for PEI
In RAN1#107-e, whether and how a new RNTI for DCI format 2_7 was discussed. In principle, which RNTI to be used should depend on DCI payload size. If the payload size of DCI format 2_7 is the same as paging DCI for sharing the same CORESET, a new RNTI should be applied. On the other hand, when the payload size of DCI format 2_7 and paging DCI is different, it can also reuse P-RNTI.
According to the agreements on the payload of DCI format 2_7, we can’t always distinguish PEI and paging PDCCH by the payload, it is also no need to support two RNTIs for DCI format 2_7. Thus, we support introducing a new PEI-RNTI for DCI format 2_7.
Proposal 1: Support new PEI-RNTI for DCI format 2_7.
With the agreements about PEI, we have the following text proposal for the draft CR in TS38213-h00. And DCI format 2_7 is scrambled by PEI-RNTI as described in TS38212-h00. 
*************************************** Start of text Proposal*************************************
10.1 UE procedure for determining physical downlink control channel assignment
· a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a PEI-RNTI on the primary cell of the MCG
*************************************** End of text Proposal*************************************
Determination of PEI-O location
Based on the discussion during RAN1#107-e, the following agreements regarding on determination of PEI-O location was made:
	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
· 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


[bookmark: _Toc83289688]In our view, it is not clear for the scenario that one PF contains two group POs, i.e. one PF is associated with two PEI-Os. For example, Ns = 4 and POnumPerPEI = 2, i.e. one PF has 4 POs, every PEI is associated with two POs. Thus, the POs in the same PF are associated with different PEI-O. It will have following 2 cases: 


In case1, one PF contains 4 POs. PO1 and PO2 are associated with PEI1. PO3 and PO4 are associated with PEI2. PEI1 and PEI2 are located in the same PF. Thus, we need one frame-level offset (or two offsets with the same value), and two different symbol-level offsets. 
In case2, PEI1 and PEI2 are located in different PF. Thus, we need two different frame-level offsets. The symbol-level offset of PEI1 and PEI2 could be same or different (one way is configured with two offsets, the value could be same or different). 
When the POs in one PF are associated with different PEI-O. If only configure one frame-level offset and one symbol-level offset, it can not match the scenario. We need at least configure Ns/POnumPerPEI frame-level offsets or symbol-level offsets.
Proposal 2: When the POs in same PF are associated with different PEI-Os, how to configure the frame-level offset and symbol-level offset need to be clear.
Proposal 3: When the POs in same PF are associated with different PEI-Os, (Ns/POnumPerPEI) frame-level offsets and symbol-level offsets could be configured. 
· If PEI-Os are located in the same PF, corresponding frame-level offsets have the same value, while the corresponding symbol-level offsets have the different value.
· If PEI-Os are located in different PFs, corresponding frame-level offsets have different value, while corresponding symbol-level offsets could have the same or different value.

We have the following text proposal for the draft CR in TS38213-h00.
*************************************** Start of text Proposal*************************************
10.4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
· a search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
· a number of frames, by (Ns/POnumPerPEI) frame-level offsets PEI-F_offset, from the start of the first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
· a number of symbols, by (Ns/POnumPerPEI) symbol-level offsets firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
· a size, by payloadSizeDCI_format2_7
· 
a number of subgroups per paging occasion, , by subgroupsNumPerPO
· 
a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI















A paging indication field of DCI format 2_7 includes segments of  bits, where  if  and  if  is not 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.
*************************************** End of text Proposal*************************************
UE Behv-A
In RAN#93-e, there agreed the following guidance for the design of paging early indication (PEI) [2]:
	· 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 



	Agreements in RAN1#104-e:
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· [bookmark: OLE_LINK5]UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO


With the agreements about UE Behv-A, the UE behavior should be clear in TS38213-h00. Thus we have the following text proposal for the draft CR in TS38213-h00.

*************************************** Start of text Proposal*************************************
10.4A	PDCCH monitoring for early indication of paging
UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO when provided the parameter for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state.
*************************************** End of text Proposal*************************************

Conclusions
In this contribution, remaining issues of RNTI for DCI format and determination of PEI-O location are discussed. As summary, we have the following proposals: 
Proposal 1: Support new PEI-RNTI for DCI format 2_7.
Proposal 2: When the POs in same PF are associated with different PEI-Os, how to configure the frame-level offset and symbol-level offset need to be clear.
Proposal 3: When the POs in same PF are associated with different PEI-Os, (Ns/POnumPerPEI) frame-level offsets and symbol-level offsets could be configured. 
· If PEI-Os are located in the same PF, corresponding frame-level offsets have the same value, while the corresponding symbol-level offsets have the different value.
· If PEI-Os are located in different PFs, corresponding frame-level offsets have different value, while corresponding symbol-level offsets could have the same or different value.

Proposal 4: We have the following text proposal for the draft CR in TS38213-h00.
*************************************** Start of text Proposal*************************************
10.1 UE procedure for determining physical downlink control channel assignment
· a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a PEI-RNTI on the primary cell of the MCG
10.4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
· a search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
· a number of frames, by (Ns/POnumPerPEI) frame-level offsets PEI-F_offset, from the start of the first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
· a number of symbols, by (Ns/POnumPerPEI) symbol-level offsets firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
· a size, by payloadSizeDCI_format2_7
· 
a number of subgroups per paging occasion, , by subgroupsNumPerPO
· 
a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI















A paging indication field of DCI format 2_7 includes segments of  bits, where  if  and  if  is not 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.
UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO when provided the parameter for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state.
*************************************** End of text Proposal*************************************
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