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1 [bookmark: _Ref40465791]Introduction
In the RAN1 #106bis and #107-e meeting, the conclusion/agreements in the appendix were achieved for PEI design [1][2].
This contribution provides our views in the remaining details for PEI design, which are specifically:
· How to determine the PEI-O location
· Whether and how to support a new PEI-RNTI


2 Discussion

1 
2 
PEI-O (PEI occasion) location determination 
In the previous meeting, the PEI-O is determined by the below agreement.
	Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


Therefore the following steps are basically needed for PEI-O determination:
Step 1: To determine the target PO based on the UE_ID and legacy method.
Step 2: To determine the first PF of the PF(s) associated with the PEI-O. Based on the UE_ID and parameter POnumPerPEI, UE is able to identify its own “PO group” that is associated with the PEI it needs to monitor. Among these POs, the first PO leads the first PF to identify.
Step 3: To determine the reference frame, a frame-level offset configured by SIB is added from the start of the first PF.
Step 4: To determine the first PDCCH monitoring occasion of the PEI-O, a symbol-level offset is added to the start of the reference frame. The parameter firstPDCCH-MonitoringOccasionOfPEI-O of the offset is also configured via SIB.
Currently, the remaining issue is to define the range of the frame-level and symbol level offsets. 
In our view, the below technical merits need to be considered when defining the PEI-O location: 
· gNB should have the flexibility to place the PEI sufficiently close to SSBs for more UE power saving gain;
· Between the PEI and paging DCI, one or more SSB bursts is beneficial for paging PDSCH reception performance in case of medium and low SINR, which should be flexibly controlled by gNB.
· gNB is able to flexibly place the PEI to avoid potential control channel congestion.
Therefore, for the first and second merits, the periodicity of SSB burst need to be considered. For the third merit, the maximum interval between PEI-O needs to be checked. By considering these two aspects, the possibly largest offset from the reference frame as mentioned above can be identified. 
As for the SSB burst periodicity, it is decided by the below high layer parameter [3] :
	ssb-periodicityServingCell       ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }


Therefore, considering the largest SSB burst periodicity is 16 radio frames, an frame-level offset with range from 0 to 15 radio frame is able to provide sufficiently small gap between SSB and PEI.
Regarding the second merit, to accommodate one or more SSB bursts is still possible with 15 radio frames offset, although this can not cover the cases for all the possible SSB periodicities. In addition, the importance of this merit for power saving gain is less important than the first bullet in our view, as how many SSBs to receive and when to start receiving is up to UE implementation based on the UE’s evaluation of the channel condition. Thus we do not need to support a large range to optimize this aspect.
Observation 1: An frame-level offset with range {0, 1, 2, …, 15} is able to provide sufficiently small gap between SSB and PEI. Between PEI and paging PDCCH, there can also possibly be one or more SSB bursts for UE to use to improve paging PDSCH performance, depending on the SSB periodicity configuration.

On the other hand, in the current specification [3], the parameter nAndPagingFrameOffset is configured for the number of PFs within a paging cycle. When its configuration utilizes oneSixteenthT, the interval between PFs is largest, which is 16 radio frames. Considering up to 2 PFs can be associated with a PEI, the largest interval between two first PFs is 32 radio frames. Thus to achieve the full flexibility of PEI allocation, offset range of 0~31 radio frames is needed. However, considering the parameter nAndPagingFrameOffset already provides the offset to flexibly allocate PFs, it may not be that necessary to pursue such a large offset range for PEI as the additional benefit can be marginal.
Observation 2: Although the maximum gap between the first PFs of two PEI-Os can be 32 radio frames, it is not so necessary to support the full range offset as the allocation of PFs is already sufficiently flexible.
Hence, based on the above analysis, the first merit should dominate the definition of offset range, which is from 0 to no larger than 15. In the previous meeting email discussion, a range of the frame-level offset of {0, -1, -2, …., -8} was proposed but not agreed. We are open to discuss a smaller range than 15 if it is deemed reasonable to only consider some typical SSB periodicity configurations.
Proposal 1: To determine the PEI-O location, the range of the frame-level offset used to determine the start of the reference frame should be from 0 to no larger than 15. We are also open to discuss a smaller range.

Regarding the symbol level offset, we think it is reasonable to reuse the range and structure of parameter firstPDCCH-MonitoringOccasionOfPO, which covers {0, 1, …, 139} in terms of monitoring occasions for 15kHz subcarrier spacing. This corresponds to 10ms/1 radio frame in minimum, depending on the search space configuration.

Proposal 2: To determine the PEI-O location, the symbol-level offset from the reference point reuses the range of high layer parameter firstPDCCH-MonitoringOccasionOfPO. The exact name and structure definition of this symbol level offset can be up to RAN2.

PEI-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 wants 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, if the search space of PEI and paging PDCCH have any overlapping.  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 3: Define a new semi-statically configurable RNTI for Rel.17 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: An frame-level offset with range {0, 1, 2, …, 15} is able to provide sufficiently small gap between SSB and PEI. Between PEI and paging PDCCH, there can also possibly be one or more SSB bursts for UE to use to improve paging PDSCH performance, depending on the SSB periodicity configuration.
Observation 2: Although the maximum gap between the first PFs of two PEI-Os can be 32 radio frames, it is not so necessary to support the full range offset as the allocation of PFs is already sufficiently flexible.
Proposal 1: To determine the PEI-O location, the range of the frame-level offset used to determine the start of the reference frame should be from 0 to no larger than 15. We are also open to discuss a smaller range.
Proposal 2: To determine the PEI-O location, the symbol-level offset from the reference point reuses the range of high layer parameter firstPDCCH-MonitoringOccasionOfPO. The exact name and structure definition of this symbol level offset can be up to RAN2.
Proposal 3: Define a new semi-statically configurable RNTI for Rel.17 PEI.  

4 Reference 
[1] RAN1 Chair’s Notes of 3GPP RAN1#106bis-e
[2] RAN1 Chair’s Notes of 3GPP RAN1#107-e
[3] 3GPP TS 38.331 v16.7.0



5 Appendix

Agreements reached in RAN1#107-e meeting:

Agreement
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB

Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
·        POnumPerPEI is a factor of  (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
·        Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
·        Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).


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  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



Agreement
For PEI DCI format, defined as DCI format 2_7,
· Total number of bits for paging indication filed is POnumPerPEI, if  is absent or set to 0 or 1, and the number is , if  is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
· Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
· Support configurable DCI payload size which should be no larger than payload size of paging DCI
· Unused bits, when applicable, are regarded as reserved bits
· Note: A smaller payload size is beneficial for PEI detection performance




Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


Agreement
The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for PEI PDCCH monitoring occasion are given as the following table. Actual aggregation levels and PDCCH candidates are provided by ‘peiSearchSpace’ configuration in SIB.
	CE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1




Agreement
‘peiSearchSpace’ can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0






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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