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Introduction
In RAN1#106bis-e meeting [1], the following agreements related to the PDCCH based PEI were made. 

	Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.
Agreement 
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 UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x
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 
CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI
        Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1
 
Agreement 
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
        FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero
Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
o   FFS: The unit and the range of the frame-level offset
o   FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
o   FFS: the case that a SSB burst overlaps in time with the target PO
o   FFS: L = 1, 2 or 3
o   FFS: Reference the “start” or “end” of the L-th SS burst
o   FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
o   FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
o   FFS: The unit and the range of the time offset
FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported


In this contribution we provide our views on the remaining issues of PDCCH based PEI, such as DCI format Size, RNTI, required AL, PEI-O location and one PEI mapping to multiple PO(s) in a PF and across the PF. 
PEI DCI Format
In RAN1#106bis-e meeting [1], a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s), where one bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO. However, the PEI DCI payload size is still under discussion, and it shall be designed in an effective way to guarantee the PEI detection performance and effectively use the available bits for essential and additional functions of PDCCH based PEI. In our view, the following fields should be included in the PEI DCI with its required bits size. 
1. Subgroups paging Indication field:  One PEI can be used to indicate UEs subgroups for paging up to 4 POs in a PF as agreed in RAN1#106bis-e meeting. The maximum number of subgroups indicated in each PO are 8, and each subgroup indication needs at least 1 bit for paging indication, thus the maximum number of total bits for paging indication field in PEI DCI format turns into 32 bits. 
2. TRS availability indication field: For TRS availability indication same mechanism/principle can be used for both paging DCI and PEI as agreed in 3GPP RAN plenary 93-e meeting. In paging DCI there are 6 reserved bits which is used for TRS availability indication. In our view, at least 6 bits (similar to the bits reserved in paging DCI) are required for TRS availability indication field in the PEI DCI. 
3. SI/ETWS notification: SI change or ETWS notification is required to consider in PEI DCI, which may help UE to avoid the unnecessary decoding of paging DCI if it is only use for SI change and ETWS notification. For this purpose, at least 2 bits can be used in PEI DCI, where one bit is used for SI change and the other bit for ETWS notification. 
Proposal 1: Consider the following fields in the PEI DCI format with the maximum number of bits: 
· Subgroup paging Indication field: 32 bits 
· TRS Availability Indication field: 6 bits 
· SI change and ETWS notification field: 2 bits
New RNTI
Regarding the PEI DCI RNTI, the DCI format with CRC may be scrambled by a new RNTI i.e. PEI-RNTI in order to differentiate it from paging PDCCH and other DCI formats. PEI is using a new DCI format and using the existing paging RNTI with the DCI format may differentiate it from paging PDCCH. However, PEI is a new feature of Rel-17, and using the existing paging RNTI may mislead the legacy UEs to decode the PEI DCI as paging PDCCH. Therefore, to avoid any conflict with PDCCH channel and legacy UEs it is necessary to consider a new RNTI for PEI DCI. 
Proposal 2: Support a new PEI-RNTI for PEI DCI to avoid any conflict with PDCCH channel and legacy UEs.
	
 Required AL 
The payload size of PEI DCI format after scrambled with PEI-RNTI of 16 bits and adding and 24 bits CRC turns into 80 bits, thus PDCCH CCE AL 1, whose bit’s capacity is around 108 bits, can provide a good forward error correction protection for efficient decoding of PDCCH based PEI and an idle/inactive UE can derive the DCI message bits successfully. However, as per specification DCI scrambled with common RNTI (P-RNTI or PEI RNTI) and allocated in Common search space (paging SS or PEI SS) should always use the highest Aggregation level. Therefore, to balance the detection performance and provide better flexibility the required AL should not be confined only to 2 [AL], but it should be configurable just like the UE specific PDCCH type. 
Proposal 3: The AL of PDCCH based PEI is configurable. 
PEI Occasion Determination
PEI occasion location can be associated to the incoming target PO, where the reference point is the incoming target PO as shown in Figure 1 and 2. Since the UE or a subgorups of UEs are in idle/inactive mode and out of synchronization with the network, it may need at least 1 SSB burst in good channel conditions and 3 SSBs burst in bad channel conditions for AGC and T/F synchronization before the PEI monitoring. In case the reference point of PEI-O location is the incoming target PO, and PEI is configured in a way that there is no SSB burst between PEI-O and the incoming target PO, then PEI can be used only for paging indcation but it cannot be used for TRS availability indication as shown in Figure 1, and 2. In this case even if a TRS is configured to  an idle/inactive UE for AGC and T/F synchronization,  and a PEI is used for TRS avialabality indication, a UE cannot detect the TRS becasue the PEI which carries the TRS availability indication is transmitted after the TRS occasion. 
However, if reference point is the incoming target PO and  PEI-O  is located at least 3 SS bursts earlier than the incoming target PO, then PEI can be used for paging indication as well as TRS avialability indication. In this case, there is enough time offset between PEI-O and the target PO, where a PEI can carry a TRS availability indication and a UE can decode the TRS availablaity indication before the TRS occasion as shown in Figure 3. 
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Figure 1 PEI Monitoring occasion referred to the incoming target PO with 1 SSB
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Figure 2 PEI-O associated to the incoming target PO with 3 SSBs
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Figure 3 PEI-O configured 3 SSB earlier than the target PO 
Observation 1: PEI-O associated to the incoming target PO with no SS burst between PEI and the target PO will let PEI to be used only for paging indication and cannot be used for TRS availability Indication. 
Observation 2: PEI-O associated to the incoming target PO with at least 3 SSB earlier than the target PO will let PEI to be used for paging indication and TRS availability Indication. 

Proposal 4: The first PDCCH monitoring occasion of the PEI-O is provided at least 3 SS bursts before the first PDCCH monitoring occasion of the target PO.
When a PEI-O location is assocatied to the previous PO  for the incoming target PO, which may needs at least 1 SSB burst in good channel condition and 3 SSBs in bad channel condition as shown in Figure 4 and 5 respectively, the PEI-O location needs to be at least 3 SSB bursts after the previous PO in order to guarantee the idle/inactve UE or subgorups of UEs to synchronize with the network before receiveing the PEI. In this case a PEI can be used for paging indication as well as TRS availability indication. The advantage of PEI-O location associated to the previous PO is that, a UE can get the indication information early and go back to deep sleep unitl the target PO which may enhance the power saving. 
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Figure 4 PEI-O associated to the previous PO for incoming PO with 1 SSB
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Figure 5 PEI-O associated to the previous PO for incoming PO with 3 SSBs
Observation 3: PEI-O associated to the previous PO for the incoming target PO with at least 3 SSB after the previous PO will let PEI to be used for paging indication and TRS availability indication. 

Proposal 5: The first PDCCH monitoring occasion of the PEI-O is provided at least 3 SS bursts after the last PDCCH monitoring occasion of the previous PO.
Regarding the agreement, related to the PEI-O location in RAN1#106bis-e meeting, in our view there shall be enough time offset between the PEI-O location and the target PO in which a PEI can be transmitted before the TRS occasion.  Furthermore, it is more feasible to consider the previous or the target PO as a reference point instead of a reference frame and its frame level offset to the PF. In case the reference point is considered as paging frame then there will be a fixed time offset between the PEI and PO which is not appropriate when one PEI is used to transmit indication information for multiple PO across the PF. In addition, the time offset may varies according to the number of PO configured in PF and the time offset w.r.t a reference time for the target PO may not satisfied this condition.  Therefore, we do not support Alt1 and Alt3. Alt2, which can resolve our concern when the time offset between PEI and the target PO is at least 3 SS burst, which can be used to transmit the PEI before the TRS occasion. 
Proposal 6: Support Alt2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO, where L = at least 3 SS bursts.
Mapping one PEI to multiple PO in a PF and across the PF 
PEI mapping to multiple POs in a PF and across the PF depends on the maximum number of total bits for paging indication field in PEI DCI and PEI-occasion location w.r.t to the incoming target PO or previous PO. For instance, if the maximum number of bits for paging indication field in PEI DCI is considered as 32 bits and the PEI-O location is considered w.r.t to the incoming target PO, then one PEI can be used to transmit the indication information for 1, 2 or 4 POs in a PF.
When the PEI- O location is associated to the previous PO, then one PEI mapping to 3 POs in a PF is also possible. For instance, 4 POs are configured in a PF and PEI-O location is associated to PO1, then the PEI can be used to transmit the indication information for the 3 remaining PO(s) i.e. PO2, PO3 and PO4 as shown Figure 6. 
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Figure 6 One PEI mapping to 3 POs in a PF
Here we also explain another example in which different number of POs are configured in each PF. For instance, one PO is configured in PF N while two POs are configured in PF N+1. In this case one PEI in PF N can be used to transmit the indication information for PO1 in PF N, and PO1, PO2 in PF N+1 as shown in Figure 7.
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Figure 7 One PEI mapping to 3 POs across the PF
Proposal 7: Support one PEI mapping to 1,2,3, and 4 PO(s) in a PF and across the PF. 
Conclusions
In this contribution, we discussed the mapping design of UE’s subgroups for paging indication and made the following observations and proposals.
Observation 1: PEI-O associated to the incoming target PO with no SS burst between PEI and the target PO will let PEI to be used only for paging indication and cannot be used for TRS availability Indication. 
Observation 2: PEI-O associated to the incoming target PO with at least 3 SSB earlier than the target PO will let PEI to be used for paging indication and TRS availability Indication. 
Observation 3: PEI-O associated to the previous PO for the incoming target PO with at least 3 SSB after the previous PO will let PEI to be used for paging indication and TRS availability indication. 

Proposal 1: Consider the following fields in the PEI DCI format with the maximum number of bits: 
· Subgroup paging Indication field: 32 bits 
· TRS Availability Indication field: 6 bits 
· SI change and ETWS notification field: 2 bits

Proposal 2: Support a new PEI-RNTI for PEI DCI to avoid any conflict with PDCCH channel and legacy UEs.
Proposal 3: The AL of PDCCH based PEI is configurable. 
Proposal 4: The first PDCCH monitoring occasion of the PEI-O is provided at least 3 SS bursts before the first PDCCH monitoring occasion of the target PO.
Proposal 5: The first PDCCH monitoring occasion of the PEI-O is provided at least 3 SS bursts after the last PDCCH monitoring occasion of the previous PO.
Proposal 6: Support Alt2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO, where L = at least 3 SS bursts.
Proposal 7: Support one PEI mapping to 1,2,3, and 4 PO(s) in a PF and across the PF. 
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