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1. Introduction
In RAN1#106bis-e [1], the following were agreed:

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
· FFS: The unit and the range of the frame-level offset
· 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.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· 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.
· 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
· 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

This contribution discusses remaining issues for supporting PDCCH based paging early indication.  

2. PDCCH based Paging Early Indication (PEI) 
2.1 Functionality
For paging enhancements, PEI with or without UE subgrouping is the only function with justified power saving gain according to the evaluation results in previous meetings. Some other functions, such as availability indication for TRS resources, and SI update notification, have been already supported in paging PDCCH. So there is no need to duplicate the functions in PDCCH based PEI for potential gain, which is limited. 

Also, it’s necessary to keep a small payload size for PDCCH based PEI in order to achieve the target power saving gain of PEI. The miss detection rate for PEI should be lower than paging PDCCH, i.e. 10^-3 vs 10^-2. It was agreed that a PEI can be used for up to 8 UE subgroups per PO and up to 4 POs. Thus the payload size for PEI can be up to 32 bits, which is close to the payload size of paging PDCCH, i.e. 40bits.  Therefore, the capacity of DCI format for PEI is full, and no room for other functionality. 

Observation 1: The payload size for PEI PDCCH should be smaller than paging PDCCH in order to achieve target reliability and power saving gain. 

Proposal 1: Support PEI with UE subgrouping as the only function for paging enhancements in NR Rel-17. 

To reduce signaling overhead, a PDCCH based PEI can be mapped to up to 4 consecutive POs. The 4 consecutive POs can be in a PF, as agreed in RAN1#106bis-e meeting. However, a gNB may configure only one PO or less than 4 POs per PF in practice for many use cases. As specified in TS 38.304, when SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. Another example can be when the connectivity in the serving cell is moderate or low. Therefore, the restriction that multiple POs for one PEI should be within a PF will limit the flexibility to reduce system overhead on gNB side. In addition, there is no gain or reason to restrict mapping of POs and PEI based on a PF. Whether the POs associated with the same PEI-O are within the same PF or not doesn’t make any difference from a UE’s perspective. 




Figure 1: Illustration of a PEI-O mapped to multiple POs across PFs (T = rf32, N = oneSixteenthT, Ns=1)

As illustrated in Figure 1, the time gap between two POs across PFs is small, i.e. two radio frames. To reduce system overhead, gNB should be able to configure one PEI-O mapped to two consecutive POs across PFs to reduce system overhead. 

Observation 2: Restriction that one PEI to indicate up to 4 PO(s) within a PF limits NW’s flexibility to reduce system overhead on PEI transmission when gNB only configures 1 or 2 POs per PF.  

In general, the design for PEI should provide the flexibility for gNB to balance power saving gain for UE and signaling overhead or NW energy consumption on UE side. To achieve that, the RAN1 design only needs to determine the association between the start of a PEI-O and the start of the first associated PO regardless of paging frame. gNB can configure a PEI-O maps to POs within a PF by implementation if needed. 

Proposal 2: Support one PEI for PO(s) across multiple PFs.

2.2 DCI format
It was agreed to support a new DCI format for PEI in RAN1#106bis-e. The remaining issues regarding the new DCI format design are:
· whether or not to support a dedicated RNTI
· DCI payload configuration 

For the RNTI, it’s straightforward to reuse P-RNTI for the new DCI format as the entire function of the new DCI is for paging enhancement. There is no any issue to reuse P-RNTI directly as long as the UE can distinguish the PEI format and paging DCI format during blind decoding. Since smaller payload size is needed anyway to achieve the target power saving gain according to observation 1 in Section 2.1, UE can distinguish the two DCI formats based on different payload size. Therefore, a configuration of a dedicated RNTI is not necessary, the configuration overhead for RNTI can be avoided by reusing P-RNTI.

Proposal 3: reuse P-RNTI for the DCI format dedicated to PEI. 

For the configuration of the new DCI format, UE should be provided with payload size of the DCI format and the corresponding DCI field or bit location. Since each bit is used to indicate PEI for either one UE subgroup from a PO or for a UE group associated with a PO, the payload size in terms of  bits can be determined based on the number of UE subgroups per PO,  and number of POs per PEI, , such that . The maximum payload size can be determined based on the maximum number for UE subgroups per PO and POs per PEI. 

Proposal 4: The payload size of the DCI format for PEI,  can be determined as , where
·  is the number of UE subgroups per PO, i.e. subgroupsNumPerPO with applicable values of 1 to 8, 
·   is the number of POs mapped to one PEI-O, i.e. number-of-PO with applicable values of 1 to 4.
· Maximum value for  is 32.

For the bit mapping of DCI field for PEI, each bit from the DCI field can be mapped to a UE subgroup/group per PO in the order of UE subgroup index and PO index accordingly. UE can determine the bit location to monitor according to UE subgroup ID and the order of PO the UE monitors, such that the UE monitors ( +1)th bit from the bitmap, where  is the UE subgroup ID, and  = 0,1,… number-of-PO  -1, is the order index of the PO from the up to number-of-PO  indicated by the PEI. 

Proposal 5: The bit mapping for PEI can be determined based on UE subgroup index, , and order of the target PO,  such that the (+1)th bit in the DCI payload maps to (+1)th UE subgroup from the ( +1)th PO indicated by the PEI, where
·  = 0, 1, …, number-of-PO  -1,
·  = 0,1, …, subgroupsNumPerPO -1

2.3 Higher layer configurations 
UE should be provided with higher layer configurations regarding the time/frequency resource allocation for receiving the PEI. A PDCCH carrying the PEI can be determined according to a configuration of search space set and CORESET.  

Regarding the configuration for search space set, it was agreed in RAN1#106bis that a dedicated search space (‘peiSearchSpace’) for PEI can be supported. The configuration details, such as whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero, are still open. It’s beneficial to reuse existing search space set to avoid unnecessary configuration overhead. In last RAN1 e-meeting, one company raised concern about reusing searchSpaceSetZero for PEI due to the timing between PEI occasion and nearest SS burst.  The potential issue is that some searchSpaceSetZero pattern may cause SSB placed after PEI. 

However, we think the concern is not valid. According to the simulation results we did in previous meetings, the power saving gain for PEI comes from relaxed SSB processing in terms of number of SSBs processed rather than the location of SSBs.  When searchSpaceSetZero is reused for PEI, UE can either use the SSB burst before the SS#0 or use SSB burst in the same frame by buffering PDCCH samples. It’s fine that the SSB burst processed is farther than the averaged case, i.e. 10ms. No additional SSB burst is needed due to the location as the synchronization result won’t change in one SSB periodicity. The number of SSBs needed before PEI-O depends on channel condition and sleep duration before wake-up, while the impact of the SSB burst location is negligible. If the channel condition is bad or UE wakes up after a long sleep duration, e.g. multiple DRX cycles, the UE needs to process multiple SSB bursts before PEI reception. Compared with the sleep duration, the gap between one SSB burst and PEI is negligible.

Observation 3: It is the number of SSBs processed before PEI reception that matters to achieve the target power saving gain of PEI, rather than the timing between SSBs and PEI. The number of SSBs needed before PEI-O depends on channel condition and sleep duration, while the impact of the SSB burst location is negligible.

Also, this not a new issue. UE needs to process SSBs for synchronization before paging PDCCH reception in legacy case without PEI. The same UE implementation can be considered for PEI PDCCH. PEI PDCCH is no different from paging PDCCH regarding synchronization requirement, thus there shouldn’t be any problem to reuse SS#0 for PEI.

Observations 4: PEI PDCCH is no different from paging PDCCH regarding synchronization requirement based on SSB, there is no problem to reuse SS#0 for PEI.

Therefore, we don’t there is any issue to reuse legacy search space set, including searchSpaceSetZero for peiSearchSpace. gNB has the flexibility to configure a search space set ID with applicable value of 0, 1, 2, 3, for peiSearchSpace. 

Proposal 6: Support configuration of peiSearchSpace with applicable values of 0, 1, 2, or 3. by SIB. 

Regarding the configuration of CORESET for PEI, it’s straightforward to reuse the CORESET for paging to avoid unnecessary configuration overhead. The CORESET associated with pagingSearchSpace can be reused directly. There is no need to configure a CORESET dedicated to peiSearchSpace. 

Proposal 7: Support same CORESET for peiSearchSpace and pagingSearchSpace without explicit/dedicated configuration of CORESET for peiSearchSpace.

In addition to search space set configuration, UE has to be provided with a configuration to determine the location of PEI-O relative to associated PO(s). The following three alternatives were proposed in RAN1#106bis-e for down-selection:
· 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
· 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.
· 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.

For Alt1, the main motivation is to further introduce a PEI frame in analogy to Paging frame and configure a frame-level offset between PEI-F and PF. In general, we don’t see any need to introduce a PEI frame. A PEI frame is only needed if we need to support M:N mapping between PEI-O(s) and a PO(s) per radio frame, where multiple (M>1) PEI-Os within a frame can be mapped to multiple (N>1) POs in a PF. However, M:M mapping between PEI-O and POs increases signaling overhead. The payload size of the new DCI format is large enough, so that gNB can bundle the PEI for all POs within a PF into a single DCI format. Similarly, firstPDCCH-MonitoringOccasionOfPEI is only needed to indicate the start of PDCCH MO for each PEI-O within a PEI-F. We don’t see any benefit to complicate the configure and define multiple PEI-Os per frame. 

Observations 5: Alt1 requires RAN2 to define a new concept of PEI frame, where multiple PEI-Os can be configured per PEI frame. However, multiple PEI-Os per frame is not needed to support 1:N mapping between PEI-O and POs. 

For Alt2, the PEI-O relative to target PO is configured implicitly based on L-th SSB bursts before target PO. We understand the motivation is to ensure there is a number of the SSB bursts before PEI-O or target POs. However, it overcomplicates the issue. According to Observation #3 and #4, it’s clear the timing between SSBs and PEI has negligible impact to power saving gain of PEI. In practice, gNB should be able to configure the timing of SSBs and PEI-O independently. The configuration will be common to all UEs, while different UE will have different preference for L, thus a common L is useless. UE can monitor any number of SSBs before PEI or PO based on UE implementation and its need in real-time. The nearest SSB burst before a PEI or PO is in the range of 0 to SSB periodicity, where the synchronization/AGC result won’t change during the short time duration of a SSB periodicity. In addition, TRS resources can also be used for synchronization/AGC before PEI or PO by UE implementation. 

Observations 6: Alt2 overcomplicates the issue regarding time offset configuration, where the association or restriction based on SSB bursts are not needed, considering
· the number of SSB bursts needed for synchronization/AGC before PEI or PO are up to UE implementation, which can be different among UEs,
· a cell-specific configuration of L doesn’t work for all UEs in idle mode, 
· Rel-17 TRS resources for idle UEs is the PS scheme to address the issue of inappropriate time alignment between SSBs and data reception, which applies to both paging PDCCH and PEI PDCCH. The PEI should only focus on provide early paging indication to target PO. 

In addition, for RedCap UEs whether or not to further consider SSB transmission in separate initial DL BWP is still under discussion. There are still many concerns from companies to support SSB transmission in the separate initial DL BWP when it’s configured with paging. UE may don’t expect to have SSBs in the separate initial DL BWP, where UE has to switch back to legacy initial DL BWP for SSB based RRM measurement and synchronization. So, no association with SSBs from different DL BWP should be avoided. 

Observations 7: For RedCap UEs with separate initial DL BWP for paging, UE may doesn’t expect to receive SSBs in the separate initial DL BWP. 

Therefore, we support Alt3, which reuse the same principle of R16 WUS MO configuration. The reference point of the time offset can be the start of the first PO indicated by the PEI, where the start of the first PO can be the start slot or slot SFN depending on the time unit of the time offset to support. If the majority thinks RS resources before PEI-O and PO are necessary, we can consider large applicable values for the time offset, so that a time unit can be a frame. But, in our understanding, the impact regarding power saving gain is minor.   

As illustrated in Figure 2, the first PDCCH monitoring occasions of a PEI-O can be determined based on a, a time offset, , relative to the start of the first PO indicated by the PEI. To provide additional SSBs resources for synchronization/AGC for paging PDSCH when UE is paged, gNB can configure a large applicable value for the time offset, , e.g. 3 radio frames. 



Figure 2: Illustration of PEI-O location and associated target PO based on Alt3 
.  
Proposal 8: Support SIB based configuration for a time offset between start frame/slot of PEI-O and start frame/slot of the first PO indicated by the PEI.

2.4 Multi-beam transmission of a PEI-O
It was agreed that a PEI-O is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured. For the case when nrofPDCCH-MonitoringOccasionPerSSB-InPO is configured, same principle can be reused. When nrofPDCCH-MonitoringOccasionPerSSB-InPO is configured, a PEI-O is still a number of consecutive PDCCH monitoring occasions, the only difference is the number of PDCCH MOs will be increased. However, the number of PDCCH MOs and corresponding QCL assumptions can still be same as PO. No explicit configuration is needed for PEI, there can be 1:1 mapping between PEI PDCCH MO and paging PDCCH MO.  

Proposal 9: Reuse the multi-beam operation of PO for PEI-O regardless of nrofPDCCH-MonitoringOccasionPerSSB-InPO configured or not, such that a PEI occasion is a number of consecutive PDCCH monitoring occasions, where
· the number of consecutive PDCCH monitoring occasions, N, equals to the number of PDCCH MOs per PO
· 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

3. Conclusion	
This contribution discussed remaining issues for supporting PDCCH based PEI. Following proposals are made:

Observation 1: The payload size for PEI PDCCH should be smaller than paging PDCCH in order to achieve target reliability and power saving gain. 

Proposal 1: Support PEI with UE subgrouping as the only function for paging enhancements in NR Rel-17. 

Observation 2: Restriction that one PEI to indicate up to 4 PO(s) within a PF limits NW’s flexibility to reduce system overhead on PEI transmission when gNB only configures 1 or 2 POs per PF.  

Proposal 2: Support one PEI for PO(s) across multiple PFs.

Proposal 3: reuse P-RNTI for the DCI format dedicated to PEI. 

Proposal 4: The payload size of the DCI format for PEI,  can be determined as , where
·  is the number of UE subgroups per PO, i.e. subgroupsNumPerPO with applicable values of 1 to 8, 
·   is the number of POs mapped to one PEI-O, i.e. number-of-PO with applicable values of 1 to 4.
· Maximum value for  is 32.

Proposal 5: The bit mapping for PEI can be determined based on UE subgroup index, , and order of the target PO,  such that the (+1)th bit in the DCI payload maps to (+1)th UE subgroup from the ( +1)th PO indicated by the PEI, where
·  = 0, 1, …, number-of-PO  -1,
·  = 0,1, …, subgroupsNumPerPO -1

Observation 3: It is the number of SSBs processed before PEI reception that matters to achieve the target power saving gain of PEI, rather than the timing between SSBs and PEI. The number of SSBs needed before PEI-O depends on channel condition and sleep duration, while the impact of the SSB burst location is negligible.

Observations 4: PEI PDCCH is no different from paging PDCCH regarding synchronization requirement based on SSB, there is no problem to reuse SS#0 for PEI.

Proposal 6: Support configuration of peiSearchSpace with applicable values of 0, 1, 2, or 3. by SIB. 

Proposal 7: Support same CORESET for peiSearchSpace and pagingSearchSpace without explicit/dedicated configuration of CORESET for peiSearchSpace.

Observations 5: Alt1 requires RAN2 to define a new concept of PEI frame, where multiple PEI-Os can be configured per PEI frame. However, multiple PEI-Os per frame is not needed to support 1:N mapping between PEI-O and POs. 

Observations 6: Alt2 overcomplicates the issue regarding time offset configuration, where the association or restriction based on SSB bursts are not needed, considering
· the number of SSB bursts needed for synchronization/AGC before PEI or PO are up to UE implementation, which can be different among UEs,
· a cell-specific configuration of L doesn’t work for all UEs in idle mode, 
· Rel-17 TRS resources for idle UEs is the PS scheme to address the issue of inappropriate time alignment between SSBs and data reception, which applies to both paging PDCCH and PEI PDCCH. The PEI should only focus on provide early paging indication to target PO. 

Observations 7: For RedCap UEs with separate initial DL BWP for paging, UE may doesn’t expect to receive SSBs in the separate initial DL BWP. 

Proposal 8: Support SIB based configuration for a time offset between start frame/slot of PEI-O and start frame/slot of the first PO indicated by the PEI.

Proposal 9: Reuse the multi-beam operation of PO for PEI-O regardless of nrofPDCCH-MonitoringOccasionPerSSB-InPO configured or not, such that a PEI occasion is a number of consecutive PDCCH monitoring occasions, where
· the number of consecutive PDCCH monitoring occasions, N, equals to the number of PDCCH MOs per PO
· 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
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