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1 [bookmark: _Ref40465791]Introduction
In the RAN1#106bis-e meeting, the conclusion/agreements in the appendix were achieved for PEI design [1].
This contribution provides our views in the remaining details for PEI design.

2 Discussion
1 
2 
DCI format design for Paging Early Indication (PEI) 
To decide the new DCI format for PEI, it is important to conclude the following topics which are essential for the bit field design.
How many POs are covered by a PEI
In the previous meeting, this topic was discussed but not yet fully addressed with the below agreement.
	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


In this agreement, at least two issues are still open.
· When a PEI indicates multiple POs within a PF, whether the POs are necessarily all the POs within this PF.
· To further extend from the previous bullet, when a PEI indicates the POs across multiple PFs, whether the indicated POs are always all the POs within the multiple PFs.
Depending on how frequent a PEI is sent by gNB, a PEI may cover one PO, or multiple POs within a PF or across multiple PFs. From the system overhead angle, it is better to send PEI as less frequently as possible, as long as certain performance requirements are met, e.g. the PEI is able to trigger UE monitoring its PO without additional latency if there is any positive paging coming. This is based on the assumption that the PDCCH overhead for a PEI does not dramatically changes by the number of indicated POs. In addition, the subgroup information field and TRS availability indication field are assumed to be configurable.
Observation 1: To transmit as less PEI as possible is beneficial for gNB to save system overhead.
From the angle of flexibility for PEI resource allocation, if frame level of resource allocation is sufficient to meet the requirement of paging latency and coexistence with other channels/signals, the PF level indication can be enough. Otherwise, if subframe/ms level flexibility is required, it would then be meaningful to support full flexibility to indicate POs without constrains by PF(s). Our current view is, to refer the Paging PDCCH flexibility, PF level time resource allocation flexibility is enough. Thus, PEI indicating POs of one or multiple PF granularity can be supported for timely finalization of release 17.
Observation 2: A PEI indicating multiple POs, which are always all the POs within one or multiple PFs, can provide sufficient flexibility for resource allocation. PF level granularity can ease the standardization efforts to finalize Rel.17.
Therefore, we propose multiple POs indicated by by a PEI are constrained by the granularity of PF. The number of PFs can be configured by SIB, which also has impact to the PEI monitoring behavior of UE.
Proposal 1: In the DCI format for PEI, the early indication of multiple POs within a PF and across multiple PF(s) are both supported. The number of POs are configurable by SIB by granularity of PF(s).

Subgroup indication design
For each PO, subgroup indication is needed as already agreed. For 8 subgroups which is the number already agreed to support by RAN2, 8 bits bitmap is needed for each PO. However, if the total overhead is too large for the DCI format size to support multiple POs and the subgroup indication for each PO, e.g. 10 POs * 8 bits per PO are 80 bits which are far more than the size of DCI format 1_0, the subgroup number can be less than 8 in a certain PO. This can be configurable with other parameters of PEI. 
Proposal 2: Sub-grouping information and the used bit width are configurable in SIB. 

TRS availability/unavailability indication
Besides the paging indication, TRS availability indication can also be indicated in the PEI. The detailed views are provided in our companion contribution [2].

Based on the discussion on above three aspects, the bit fields design in our view is illustrated in the Figure.1 below. Different blocks can be defined for each subsequent POs and the last block can be for TRS availability/unavailability indication. 

[image: ]                                      Figure.1 Brief example of DCI format for PEI design

On the DCI format payload size, it can be explicitly configured similar to DCI format 2_0 as the range up to 128 bits. If the gNB wants to reduce the number of BDs, the size can be aligned with fallback DCI. If the gNB wants to optimize the coverage, it can be differentiated from fallback DCI.
Proposal 3: For the DCI format defined for PEI, one or more blocks can be configured for subsequent PO(s) and the TRS availability/unavailability indication. In addition, an upper limit of the DCI format size should be defined.

RNTI
[bookmark: _Hlk86827594]Regarding the RNTI used for CRC mask, we think a new semi-statically configurable RNTI defined for PEI is a straight forward solution. If the network want to share the same RNTI with PS-RNTI or P-RNTI, it is up to gNB responsibility to set the same RNTI value as UE should check the indicated bit fields on this DCI.  Such handling is similar to DCI format 2_2 or 2_3 of grouped TPC command. Therefore, we propose to define a new RNTI for PEI.
Proposal 4: Define a new semi-statically configurable RNTI for Rel.17 PEI.  

On PEI-O (PEI occasion)

On beam operation
In the agreement defining a PEI-O, the case when nrofPDCCH-MonitoringOccasionPerSSB-InPO is configured is excluded and FFS. 
For the definition of PO, when nrofPDCCH-MonitoringOccasionPerSSB-InPO is configured, each beam direction basically provides multiple monitoring occasions to better support unlicensed spectrum operation. More monitoring occasions provide higher transmit probability considering some of the occasions can be unavailable and occupied by transmissions from other devices/systems. Considering this, for PEI-O, we think it may reuse similar principle that multiple opportunities can be provided per beam direction for unlicenced spectrum operation. The open issue is whether the number of occasions is configured separately from nrofPDCCH-MonitoringOccasionPerSSB-InPO or reusing this existing parameter. As in the unlicensed operation UE needs to wake up for a longer time to check the channel occupancy status when monitoring paging, the power saving gain is not as clear as the licensed operation. Therefore, we prefer to define a new and separate one like nrofPDCCH-MonitoringOccasionPerSSB-InPEI to allow network flexibly control whether to support multiple monitoring occasions for each beam 
Proposal 5: For unlicensed spectrum operation, a separate parameter from nrofPDCCH-MonitoringOccasionPerSSB-InPO may be configured for PEI-O to support multiple monitoring occasions for each beam.

On dedicated search space for PEI
The following agreement was reached to introduce a dedicated search space for PEI, which is configured as peiSearchSpace. 
	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


The controversial part of the design was whether to always reuse the pagingSearchSpace or searchspaceSetZero. As the PEI can be configured to indicate one or multiple POs, the time domain resource allocation needs to be more flexible than the configuration of pagingSearchSpace, considering to support both one to one and one to multiple mapping. Therefore, the time domain monitoring occasions for PEI should be of same or lower density than pagingSearchSpace. To support a dedicated search space is an effective way allowing network flexibly configuring resource as per needed. Therefore, a dedicated search space configuration should be added in the commonSearchSpaceList of PDCCH-ConfigCommon. On the other hand, a proposal raised by moderator at meeting regarding the FFS bullet was to allow reusing legacy CSS by configuring the search space ID of pageSearchSpace or searchSpaceSetZero to ‘peiSearchSpace’ by SIB. In our view, both option can be supported and network may decide how to share the search space for different purposes.
Proposal 6: The dedicated search space (‘peiSearchSpace’) for PEI is optionally configured and added in the commonSearchSpaceList of PDCCH-ConfigCommon. If not configured, peiSearchSpace can share same search space ID with pageSearchSpace or searchSpaceSetZero.


On PEI-O determination
On how a PEI monitoring occasion is decided, the agreement provides 3 alternatives. 
	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



To clearly describe and understand the solutions, each of the alternatives can be broken down to multiple steps to determine the PEI-O location.
· Alt 1: 
· Step 1: To determine the target PO
· Step 2: To determine the PF of the target PO. In case of one PEI indicating multiple target POs within a PF, the PF is same with the cases of single PO. In case of one PEI indicating multiple target POs across multiple PFs. The PF can be the first PF.
· Step 3: To determine the start of a reference frame by a frame-level offset to the PF.
· Step 4: To determine the first PDCCH monitoring occasion of the PEI-O based on the reference frame (PEI-F). 
· Alt 2: 
· Step 1: To determine the target PO
· Step 2: To determine the L-th SS burst before the first PDCCH monitoring occasion of the target PO. In case of one PEI indicating multiple target POs no matter within a PF or across multiple PFs, the L-th SS burst is determined by the first target PO.
· Step 3: To determine the first PDCCH monitoring occasion of the PEI-O based on the L-th SS burst.
· Alt 3: 
· Step 1: To determine the target PO
· Step 2: To determine the reference time for the target PO, e.g. the first MO of the target PO, or the first MO of the first PO indicated by the PEI in case multiple POs are indicated.
· Step 3: To determine the first PDCCH monitoring occasion of the PEI-O based on a time offset and the reference time.

The motivation of the Alt 1 using 4 steps is to reuse the concept and determination procedure of PF and PO, which requires to determine PEI-F (PEI-Frame) first and then to determine PEI-O. However, to reuse the concept of PF/PO does not mean the specification impact is less than the Alt 2 and Alt 3, which require one more step than Alt 2 and Alt 3. Moreover, if PEI indicating multiple POs across multiple PFs is supported, the mapping of PEI-F and PFs has also to be specified. In this aspect, Alt 2 and Alt 3 does not require this effort, as the first PO indicated by the PEI can just be used as the reference time.
Observation 7: To determine the first monitoring occasion of the PEI-O, the specification impact of Alt 1 is larger than Alt 2 and Alt 3, in terms of the number of steps and additional efforts to define one-to-multiple mapping between PEI-F and PFs, if PEI for POs across multiple PFs is supported.

Comparing the Alt 2 and 3, the methodology in principle is essentially similar, which defines time offset from the target PO(s). The main difference is the reference time. For Alt 2, a number of SS bursts are explicitly counted and included in the time offset definition, which is beneficial for paging PDSCH reception if the PEI indicates positive paging. For Alt 3, the time offset can be configured as a parameter defined in SIB, which can also take the required SS bursts into consideration. How many SS bursts or TRS bursts can just be gNB implementation. Therefore, from the specification impact point of view, the Alt 3 is less than Alt 2.
Observation 8: To determine the first monitoring occasion of the PEI-O, the Alt 3 can achieve same technical merits with Alt 2 but no need to specify the SS bursts between PEI-O and PO, which can just be gNB implementation.
Thus, from the above analysis, our proposal is to adopt Alt 3 to determine the first monitoring occasion of the PEI-O.
Proposal 7: To adopt Alt 3 that the first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI.


3 Conclusion
In this contribution, views on paging enhancement schemes for Rel.17 UE power saving enhancement are provided. The following conclusions are highlighted:
Observation 1: To transmit as less PEI as possible is beneficial for gNB to save system overhead.
Observation 2: A PEI indicating multiple POs, which are always all the POs within one or multiple PFs, can provide sufficient flexibility for resource allocation. PF level granularity can ease the standardization efforts to finalize Rel.17.
Proposal 1: In the DCI format for PEI, the early indication of multiple POs within a PF and across multiple PF(s) are both supported. The number of POs are configurable by SIB by granularity of PF(s).
Proposal 2: Sub-grouping information and the used bit width are configurable in SIB. 
Proposal 3: For the DCI format defined for PEI, one or more blocks can be configured for subsequent PO(s) and the TRS availability/unavailability indication. In addition, an upper limit of the DCI format size should be defined.
Proposal 4: Define a new semi-statically configurable RNTI for Rel.17 PEI.  
Proposal 5: For unlicensed spectrum operation, a separate parameter from nrofPDCCH-MonitoringOccasionPerSSB-InPO may be configured for PEI-O to support multiple monitoring occasions for each beam.
Proposal 6: The dedicated search space (‘peiSearchSpace’) for PEI is optionally configured and added in the commonSearchSpaceList of PDCCH-ConfigCommon. If not configured, peiSearchSpace can share same search space ID with pageSearchSpace or searchSpaceSetZero.
Observation 7: To determine the first monitoring occasion of the PEI-O, the specification impact of Alt 1 is larger than Alt 2 and Alt 3, in terms of the number of steps and additional efforts to define one-to-multiple mapping between PEI-F and PFs, if PEI for POs across multiple PFs is supported.
Observation 8: To determine the first monitoring occasion of the PEI-O, the Alt 3 can achieve same technical merits with Alt 2 but no need to specify the SS bursts between PEI-O and PO, which can just be gNB implementation.
Proposal 7: To adopt Alt 3 that the first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. the first MO of the first PO indicated by the PEI.

4 Reference 
[1] RAN1 Chair’s Notes of 3GPP RAN1#106bis-e
[2] R1-2111676, Potential enhancements for TRS/CSI-RS occasion(s) for idle/inactive UEs, Panasonic


5 Appendix:

Agreements reached in RAN1#106bis-e meeting:

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
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