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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#107bis-e, there were agreements achieved for the RNTI, monitoring occasions and transmission power for PDCCH-based PEI. This contribution discusses the remaining issues of PDCCH-based PEI. Corresponding TPs are proposed accordingly.
[bookmark: _Ref129681832]The remaining issues for detailed design of PDCCH-based PEI
[bookmark: _Ref82716516]Monitoring occasion for PDCCH-based PEI
In RAN1#107b-e, the value range of the frame-level offset and symbol-level offset for the monitoring occasion for PDCCH-based PEI were determined as the following agreement. 
	Agreement
For whether and how to accommodate PEI-O location determination for the case POnumPerPEI is smaller than Ns, decide one of the following alternatives
· Alt-2: It is supported, and UE applies the single value in PEI-F_offset for the frame-level offset and the -th value out of  configured values in firstPDCCH-MonitoringOccasionOfPEI-O for the symbol-level offset
Note: The number of PO mapping to one PEI should be multiple of Ns when POnumPerPEI is larger than Ns

Agreement
For PEI-O location determination:
· Range of PEI-F_offset, in unit of frame, is 
· Range of firstPDCCH-MonitoringOccasionOfPEI-O, in unit of symbol, is decided as one of the following alternatives:
· Alt-1: The same value range as firstPDCCH-MonitoringOccasionOfPO 

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) - 




Restriction on PFs associated with one PEI-O
It is still FFS on whether the two consecutive PFs are within the same paging cycle  based on the agreements in RAN1#107bis. 
However, according to the existing agreement, the restriction of “within the same paging cycle” is not needed. As agreed in RAN1#107-e, POnumPerPEI is a factor of the total PO number in a paging cycle with the maximum number of PF associated with one PEI is up to 2. UE and network know UE_ID, Ns and N regardless of default or UE specific DRX cycle value, gNB just decides the mapping between POs in PFs and PEIs based on the formula.
	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 [image: ] is absent or set to 0 or 1,
· K = [image: ], if [image: ] is configured.
· UE identifies its paging indication bit as follows:
· Let [image: ] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: ] , where [image: ] are as defined in clause 7 of TS 38.304
· [image: ] when K = 1 and UE is not provided a subgroup index
· [image: ] when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: ]-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



Also, as clarified in RAN1#107bis discussion, regardless how long a UE specific DRX cycle is configured the PF density is the same from gNB perspective. Therefore, we don’t see a need for any further agreement to restrict the two PFs needs to be in the same paging cycle.
The reference “first PF” and  are also clear for both an individual UE and network. Network can transmit PEI-DCI in correct location and, and UE can monitor the PEI-O correctly without any additional restriction.
Proposal 1: It is not necessary to restrict the two PFs associated with one PEI-O within the same paging cycle.

Multiple paging indication for idle/inactive UE
In RAN1#107bis-e, there are several topics on PEI-O as below, which didn’t reach a consensus but are still open. 
	Proposal 5-5 (2RD):
It is supported that UE transmits assistance information on the preferred offset between PEI and PO, in unit of number of SSBs in between.
Proposal 5-6 (2RD): 
RAN1 discuss configuration of more than one PEI per PO to accommodate different device preferences.



As the current standard progress, due to large range of frame-level offset and per PEI symbol-level offset, the monitoring occasions for PEI-O can be configured very flexibly. However, as shown in our and other companies’ contributions in previous meetings, remarkable power saving gain can only be obtained when the monitoring occasions of PEI-O are close to the first SS burst UE needs to receive before paging reception. It would be very challenging for the network to configure a proper monitoring occasion location, considering that there may have different types of UEs supporting PEI monitor the same PO, while network can only configure one PEI-O for that PO via system information without enough prior information. Therefore, the monitoring occasions of PEI-OO may not be the optimal for an individual UE.
In RAN1#107bis-e, a conclusion is made to allow UEs fallback to Rel-15/16 idle procedures, in which UE can choose to directly monitor PEI if it decides to not monitor PEI. Although with such a conclusion, UE can avoid consuming unnecessary power on monitoring PEI-DCI when the PEI-O configuration is improper, the power saving benefit of Rel-17 paging enhancements also omits for that type of UEs.
Based on above consideration, we suggest that the paging indication can be transmitted for multiple times. For example, gNB can transmit the paging indication in both the PEI-O associated with the PO/PF UE should monitor and the PEI-O associated with previous POs/PFs for other UEs. Take the illustration in Figure 1 for example, each PF is associated to a PEI-O with frame-level offset as 1 radio frame, gNB can transmit paging indication for POs in PF3 also in PEI-O1 and PEI-O2, wherein PEI-O1 and PEI-O2 are originally associated with POs in PF1 and PF2 respectively. UE monitoring POs in PF3 can select to receive the PEI right after the SSB where UE begins to perform time-frequency tracking to reduce the time duration of non-sleep state. For example, eMBB UEs, which use one SS burst for time-frequency tracking, can monitor PEI-O3; while RedCap UEs, which use two or three SS bursts for time-frequency tracking, can choose to monitor PEI-O1 or PEI-O2. It should be note that, multiple paging indication do not mean that network should transmit multiple PEI-DCI before associated POs/PFs, the paging indication for different POs/PFs can share the same segment of bits in one PEI-DCI.
It would also be useful if UE can transmit assistance information to inform network the optimal PEI-O location, for example, in unit of number of SS bursts for time-frequency tracking. Network can choose to transmit multiple paging indication for all types of idle/inactive mode UEs or just serve for the preferred type of UEs based on the received assistance information.

[image: ]
[bookmark: _Ref95222004]Figure 1 Multiple paging indication for one PO
Proposal 2: Network can transmit paging indication in multiple PEI-Os for one PO/PF. 
Proposal 3: Support UE transmitting assistance information to inform network preferred PEI-O location in unit of number of SS bursts for time-frequency tracking. 


Capturing agreements when subgroupsNumPerPO is not provided or set to zero
In RAN1#107-e, the paging indication field of DCI format 2_7 is agreed as follows,
	Agreement
· 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



According to the agreement, when subgroupsNumPerPO is set to 0 or not configured, the UE group index  set to 0. This means when sub-grouping is not configured, the UE checks the corresponding paging indication from ipo -th bit of the paging indication field where the starting bit index is 0.
However, it has not been captured in TS 38.213 regarding the agreement of “ when K = 1”. We propose to explicitly clarify this case in the spec.
Proposal 4: Adopt the TP 1 in TS38.213.
	<----------Text proposal 1----------->
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 PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For aA subgroup index , , is provided by higher layers and  if . aA 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 --------------------------------------------------



Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the paging procedure enhancement. Based on the analysis, we have the following observations and proposals:
Proposal 1: It is not necessary to restrict the two PFs associated with one PEI-O within the same paging cycle.
Proposal 2: Network can transmit paging indication in multiple PEI-Os for one PO/PF. 
Proposal 3: Support UE transmitting assistance information to inform network preferred PEI-O location in unit of number of SS bursts for time-frequency tracking. 
Proposal 4: Adopt the TP 1 in TS38.213.
	<----------Text proposal 1----------->
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 PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For aA subgroup index , , is provided by higher layers and  if . aA 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 --------------------------------------------------
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