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1. Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #106bis-e [1], the following agreements are made for paging enhancements:
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]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
· [bookmark: _Hlk86254049]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


In this contribution, the remaining issues based on the above agreements have been discussed. 
2. DCI format of PEI
Regarding the DCI format of PEI, the following issues are remained to be discussed.
· Issue 1: Maximum field size for paging indications, X
In last meeting, the maximum payload for paging indications has once been summarized as 32bits for the reasons that up to 4 POs can be indicated by one PEI and there can be up to 8 subgroups for each PO. However, as far as we're concerned, the maximum number of total payload size for PEI DCI should still be much shorter than 32bits, considering the stringent miss detection rate (MDR) requirement (illustrated as below) for PEI DCI.
· In RAN1#104e [2], we have already agreed that the miss detection rate (MDR) of PEI should be much smaller than that of paging PDCCH (i.e., MDR_pagingPDCCH is no larger than 1%). For Alt1 (mandatory), the MDR_PEI could be no worse than 0.5% when assuming MDR_PEI = MDR_pagingPDCCH = 0.5% so as to MDR_joint_A will be no worse than 1%; And for Alt2 (optional), no larger than 0.1% for MDR_PEI. Hence, to guarantee the detection performance of PEI, the total DCI payload of PEI ought to be lower than that of paging DCI (i.e., 39bits for 20MHz). 
· [bookmark: _Ref53952468]Besides, as observed from Figure 1 which has been provided in our previous contribution [3], there will be around 2dB performance degradation by adopting PDCCH-PEI with 12bits, compared to PDCCH-PEI with 40bits (note that the performance of PDCCH-PEI with 40bits is approximately equal to that of paging PDCCH). And the MDR of 0.1% is about 1-2dB worse than 1% in link-level performance. Hence, around 12bit is proven to be a better choice.
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(a) Alt-1 Beh -A                                                  (b) Alt-2 Beh-A
Figure 1: Performance of PEI signals and channels
Given the above reasons and in consideration of the maximum number of sub-group (i.e., 8 subgroups), we recommend that the maximum payload of PEI DCI should be twice of 8 i.e., 16bits.
[bookmark: _Hlk86915307]Proposal 1: The maximum field size for paging indication should be 16bits.
· Issue 2: Whether and how to support 1 PEI for POs across multiple PFs
In our views, one PEI for POs across multiple PFs should not be adopted given the reasons below.
· As per the agreement for the miss detection rate (MDR) of PEI, the larger number of PFs one PEI can associate, the more paging indication bits are needed for PEI DCI.
· The time gap between different PFs is uncertain. If one PEI can indicate POs in different PFs, it will be unfair for those UEs in the last associated PF, since more power consumption will be caused to keep awake. Besides, due to the time sensitivity of measurement, the more time gap between SSB measurement and PO, the worse detection performance of paging reception may result in.
· [bookmark: OLE_LINK2][bookmark: OLE_LINK5]One PEI can indicate POs across multiple PFs is not an essential function for PEI design. 
Proposal 2: One PEI for POs across multiple PFs should be precluded.
Besides, in a detected PEI DCI, a UE needs to know which its own paging indication block is and where its own bit is within that block. In our view, after obtaining the associated PEI-O for a UE group/subgroup, the UE can figure out its paging indication field based on the associated PO index within in a PF. And if subgroup is configured, the UE can further obtain its corresponding bit in the paging indication field according to the index of subgroup notified by the network. For example, a PEI-O can indicate two POs e.g., the two POs with i_s = 1 and 2, then for the PEI DCI transmitted in the PEI-MOs of this PEI-O, UE associated with PO1 will decode the paging indication block1 and UE associated with PO2 will decode the paging indication block2. In addition, the UE will decode its corresponding bit based on the subgroup to which it belongs.
Proposal 3: In a PEI DCI, a UE can obtain its paging indication block based on the the associated PO index in a PF and then figure out its corresponding bit according to the index of subgroup notified by the network.
· Issue 3: Whether to supporting map PEI to 3 POs in a PF
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]It is up to gNB implementation. For example, when there are two PEI-Os configured in one PEI-F and one PF contains 4 POs, it is possible that one of the PEI-Os indicates 3 POs and the other indicates the rest one PO.
· Issue 4: P-RNTI or new PEI-RNTI
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]To give a cleaner solution and the flexibility of further extension, a new PEI-RNTI is needed for scrambling PEI DCI.
Proposal 4: A new PEI-RNTI is needed for PEI DCI.
3. [bookmark: _Ref498564494][bookmark: _Hlk521582650]Search space configuration for PEI
For search space configuration for PEI, the following issues are remained to be discussed.
· Issue 1:  Whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]There have been some technical concerns raised by companies on whether searchSpaceSetZero can be reused as PEI search space in the last meeting. One of the concerns is that there exists the PDCCH monitoring occasion (MO) of searchSpaceSetZero transmitted before the associated SSB under some of the searchSpaceSetZero configurations. In this case, UE cannot do PEI reception with the aid of measuring its nearest SSB. Instead, UE have to measure the SSB at a further distance before receiving PEI, which will obviously give rise to some unnecessary power consumption.
In addition to the above concern, in some configurations for searchSpaceSetZero as defined in clause 13 in TS 38.213 [4], there will be some overlaps in time domain between multiple PDCCH MOs corresponding to different SSB as illustrated in Figure 2 (assuming the SCS for both SSB and CORESET#0 is 30KHz). As such, UE will be forced to blindly select one QCL assumption to do PEI detection. Due to this ambiguity, the MDR of PEI will be impacted and may not be guaranteed, however, this goes against with our previous agreements for the MDR of PEI (i.e., the MDR of PEI should be much lower than that of paging PDCCH) endorsed in RAN1 #104e [2].
[image: ]
[bookmark: _Hlk87017683]Figure 2: The overlapping in time domain between multiple PDCCH MOs.
Given the facts aforementioned, some proper configuration constraints of searchSpaceSetZero should be carefully investigated aiming to address these concerns, once searchSpaceSetZero is reused as PEI search space. However, there is only one meeting left at current stage and whether it is critical enough to be worth spending plenty of time on is something we have to consider. In our view, we suggest to decisively preclude the possibility of reusing searchSpaceSetZero as PEI search space for the sake of progress.
Regarding pagingSearchSpace, in order to reduce resource overhead in some cases, it could be desirable to reuse it as PEI search space as long as pagingSearchSpace ID>0, considering the similar characteristics of beam operations and monitoring manner for paging PDCCH and PEI. 
Proposal 5: Not support to reuse searchSpaceSetZero as PEI search space. And support to reuse pagingSearchSpace as PEI search space when pagingSearchSpace ID>0.
· Issue 2: Other configuration details, including, e.g., whether and how to restrict AL candidate number
We think this issue need not to be opened for discussion, and keeping it the same AL configuration with that of legacy CSS set is enough.
Proposal 6: Support to keep the same AL configuration of PEI search space with that of legacy CSS set.
4. [bookmark: _Hlk86336317]PEI occasion determination
Regarding the PEI occasion determination, the following issues are remained to be discussed.
· Issue 1: Alt 1/2/3 or a single merged solution
· Issue 2: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Issue 3: How to place PEI-O post SS burst for UE to achieve better power saving gain
PEI occasion determination is a very critical remaining issue. According to the discussion in the last meeting, there are three alternatives left to be decided. As per the paging timeline assumption we adopted during the whole paging evaluation, it has been observed that the closer PEI is to the first SSB, the less power consumption will be caused by PEI reception. Especially for High SINR case as shown in Figure 3, when PEI is configured and if the gap between PEI and SSB cannot be guaranteed, it will turn out to be NO power saving gain. On this account, we prefer Alt 2 as the solution of reference point i.e., 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. Besides, the related agreements on the CFO simulation and paging timeline assumption have been made in RAN1 #102e [5], so the design of PEI occasion determination should obey them as well. Hence, for the purpose of performing CFO (carrier frequency offset) compensation, AGC and T/F tracking for paging PDCCH/PDSCH reception, the time offset between PEI-O and the associated PF/PO should contains M SSB bursts, where the value of M can be 1, 2, 3 etc. 


Figure 3: Power consumption description in High SINR case
[bookmark: OLE_LINK20]Proposal 7: Support Alt2 i.e., 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.
Proposal 8: The gap between PEI-O and the associated PF/PO should contain M SSB bursts, where the value of M can be 1, 2, 3 etc.
· Issue 4: How to accommodate multiple POs cases, including RRC parameter design
To further accommodate one PEI indicates multiple PO cases as one PEI can indicate up to 4 POs in one PF, we propose the following configuration and RRC parameter designs.
· Define PEI-frame and the network can configure the number of PEI-O contained in one PEI-frame i.e., PEI-O is configured by aid of frame-level granularity. Note that the definition of PEI-frame does not conflict with Alt2.
· Configure the number of POs in a PF that one PEI-frame can associate with. 
· Configure the indication relationship between PEI-Os in a PEI-frame and the associated POs for the PEI-frame. Concretely, for a PEI-frame, the index of the PO(s) can be indicated to its associated PEI-O. Besides, to clarify, one PO can only be indicated by one PEI-O.
· Similar as the list of firstPDCCH-MonitoringOccasionOfPO for each PF, the list of firstPDCCH-MonitoringOccasionOfPEI-O can be configured for each PEI-frame. Besides, each of PEI-Os in the PEI-frame corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.
As shown in Figure 4, a PEI-frame contains 2 PEI-Os and indicates 4 POs in a PF. The indication relationship for PEI-Os and POs for the PEI-frame is: PEI-O1 indicates PO1 and PO2, and PEI-O2 indicates the other two POs. The network will configure a list of two firstPDCCH-MonitoringOccasionOfPEI for the PEI-frame. In this way, the network can take advantage of PO/PF design principles to avoid a fragmented PEI-O configuration and achieve the goal of saving signaling resource.


Figure 4: An illustration for PEI-O related configuration.
Proposal 9: To avoid a fragmented PEI-O configuration, support to adopt the following configuration and RRC parameters:
· Define PEI-frame and configure the number of PEI-O contained in one PEI-frame. 
· Configure the number of POs in a PF that one PEI-frame can associate with. 
· Configure the indication relationship between PEI-Os in a PEI-frame and the associated POs for the PEI-frame. 
· Configure the list of firstPDCCH-MonitoringOccasionOfPEI-O for each PEI-frame. Each of PEI-Os in a PEI-frame corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.
Additionally, there could be the case that some PEI-MOs respectively corresponding to different PEI-Os in a PEI-frame overlap with each other. Taken Figure 5 as an example, for the sake of the resource overhead, only limited number of PEI-MOs (i.e., 8 PEI-MOs share between two PEI-Os) is configured by the network so as to multiple PEIs have to share the partial PEI-MOs together. On these overlapped PEI-MOs, a UE cannot distinguish which PO(s) the detected PEI DCI is used to indicate, in other words, the UE has no idea that whether the detected DCI belongs to itself or not. And another potential benefit to configure limited number of PEI-MOs is that the less PEI-MOs for PEI-Os in a PEI-frame, the fairer it is for the all associated POs and the closer the PEI-Os is to SSB. However, we want to emphasize that the payload of PEI DCI for paging indication is limited (i.e., 16bits) so we cannot simply let one PEI DCI to carry the paging indication for 4 POs for the overlapped case.


Figure 5: An example for the overlapping between multiple PEI-Os in a PEI-frame.
To address this issue, it will be more necessary for PEI DCI to indicate UE which PO(s) it indicates. Then, UE can figure out whether the detected PEI DCI is for itself or not. 
Proposal 10: It is necessary for PEI DCI to notify the indicated PO index(es) to avoid the ambiguity e.g., adding 0-2bits PO index(es) indication in PEI DCI.
5. Other functionalities in DCI format for PEI
· TRS availability indication
This should be decided in AI 8.7.1.2 and then we can just follow the agreements on TRS availibility indication endorsed in RAN plenary #93 [6], which refers to that 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.
· SI update indication
As per the agreement endorsed in RAN plenary #93 [6], SI update indication delievered in PEI should be precluded since it is not a essential function for PEI.
Proposal 11: SI update indication delivered in PEI DCI should be precluded.
6. Conclusion
In this contribution, the detail configuration for PEI DCI and PEI occasion have been discussed concluded with the following proposals.
Proposal 1: The maximum field size for paging indication should be 16bits.
Proposal 2: One PEI for POs across multiple PFs should be precluded.
Proposal 3: In a PEI DCI, a UE can obtain its paging indication block based on the the associated PO index in a PF and then figure out its corresponding bit according to the index of subgroup notified by the network.
Proposal 4: A new PEI-RNTI is needed for PEI DCI.
Proposal 5: Not support to reuse searchSpaceSetZero as PEI search space. And support to reuse pagingSearchSpace as PEI search space when pagingSearchSpace ID>0.
Proposal 6: Support to keep the same AL configuration of PEI search space with that of legacy CSS set.
Proposal 7: Support Alt2 i.e., 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.
Proposal 8: The gap between PEI-O and the associated PF/PO should contain M SSB bursts, where the value of M can be 1, 2, 3 etc.
Proposal 9: To avoid a fragmented PEI-O configuration, support to adopt the following configuration and RRC parameters:
· Define PEI-frame and configure the number of PEI-O contained in one PEI-frame. 
· Configure the number of POs in a PF that one PEI-frame can associate with. 
· Configure the indication relationship between PEI-Os in a PEI-frame and the associated POs for the PEI-frame. 
· Configure the list of firstPDCCH-MonitoringOccasionOfPEI-O for each PEI-frame. Each of PEI-Os in a PEI-frame corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.
[bookmark: _GoBack]Proposal 10: It is necessary for PEI DCI to notify the indicated PO index(es) to avoid the ambiguity e.g., adding 0-2bits PO index(es) indication in PEI DCI.
Proposal 11: SI update indication delivered in PEI DCI should be precluded.
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