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1. Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #107-e [1], the following agreements are made for paging enhancements:
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]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 [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image036(11-18-20-31-35).png] (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 [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png] is absent or set to 0 or 1,
· K = [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png], if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image038(11-18-20-31-35).png] is configured.
· UE identifies its paging indication bit as follows:
· Let [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image039(11-18-20-31-35).png] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image040(11-18-20-31-35).png] , where [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image041(11-18-20-31-35).png] are as defined in clause 7 of TS 38.304
· [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image042(11-18-20-31-35).png] when K = 1 and UE is not provided a subgroup index
· [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image043(11-18-20-31-35).png] when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image044(11-18-20-31-35).png]-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 [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image037(11-18-20-31-35).png] is absent or set to 0 or 1, and the number is [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image045(11-18-20-31-35).png], if [image: C:\Users\cmcc\AppData\Roaming\Foxmail7\Temp-16776-20211118202754\Attach\image046(11-18-20-31-35).png] 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


In this contribution, the remaining issues based on the above agreements have been discussed, followed by the corresponding text proposals. 
2. The ranges of the offsets for PEI-O determination
In the last meeting, we have agreed on the PEI-O location determination, except for the value ranges of the two offsets (frame-level offset and symbol-level offset). 


Figure 1: An illustration for the two offsets for PEI-O location determination.
· Frame-level offset (PEI-F_offset)
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN1# 106bis meeting, whether any SSB or TRS is needed between PEI-O and PO has been approved as an FFS, but not discussed sufficiently in the last meeting. Given the below agreement is our original assumption for PEI evaluation and design, whether to ensure a certain number of SSB or TRS between PEI-O and PO should be considered into the range definition of frame-level offset as shown in Figure 1.
	Agreements:
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification



As analyzed in our contribution [2], for the purpose of performing CFO (carrier frequency offset) compensation, AGC and T/F tracking for paging PDCCH/PDSCH reception, 1, 2 or 3 SSBs are needed between PEI-O and its associated PO. Hence, the value range of the frame-level offset should not start from 0. And for both power saving and detection performance purposes, the value of frame-level offset should be larger than 4 frames (since the default SSB period is 20ms, 4 frames can be guaranteed to contain two SSBs). 
Proposal 1: The value range of the frame-level offset (PEI-F_offset) should be {4, 5, 6, 7, 8…}.
· Symbol-level offset (firstPDCCH-MonitoringOccasionOfPEI-O)
There can be different value range options for symbol-level offset (firstPDCCH-MonitoringOccasionOfPEI-O) as given below. 
· Option 1: the value range is from 0 to the length of PEI-frame i.e., (0…10**14-1) where  is the subcarrier spacing (SCS) configuration.
· The value range of firstPDCCH-MonitoringOccasionOfPEI-O is within the length of a PEI-frame, and it will be diverse according to different SCS values. But, since the value range is limited to a frame, the restriction of the network flexibility will be caused, so that it will be hard to avoid the collision between PEI-O and other physical channels or signals e.g., SSB, TRS/CSI-RS etc.
· In addition, in case SSB not occured in the PEI-frame, the large gap between PEI-O and SSB will result in the increase of power consumption.
· Option 2: Similar to the configuration of firstPDCCH-MonitoringOccasionofPO defined in TS 38.331 [3] i.e., the value range is (0… -1), where x=1, 1/2, 1/4, 1/8, 1/16… represents the density of PEI-frame in a paging cycle.
· To overcome the disadvantage of option 1, i.e., may not close to SSB and configuration inflexibility, we can introduce similar configuration such as ‘density’ as paging. We can reuse the configuration of firstPDCCH-MonitoringOccasionofPO as quoted below. In this way, the value range of firstPDCCH-MonitoringOccasionOfPEI-O depends on both the value of SCS and the density of PEI-frame (i.e., nAndPEI-FrameOffset) in a paging cycle. In terms of the advantages, option 2 can not only provide a larger value range of the offset (i.e., the value range of symbol-level offset is from 0 to the length of PEI-frame interval), but give more configuration flexibility as well. Meanwhile, a few spec efforts may be needed i.e., to configure the density of PEI-frame in a paging cycle.
· Option 3: the value range is from 0 to the length of the configured PEI-F_offset i.e., (0…f*10**14-1), where f is the value (in units of frame) of the PEI-F_offset.
· For option3, the value range of firstPDCCH-MonitoringOccasionOfPEI-O is limit to the configured value of PEI-F_offset. Thus, it can also exert the network flexibility to do proper configuration. However, unlike the two options above, option 3 cannot guarantee that there is no overlap between different PEI-Os associated with different PEI-frames, which will make things more complex.
[image: ]The density of PF in a paging cycle (T)

Proposal 2: The value range of the symbol-level offset (firstPDCCH-MonitoringOccasionOfPEI-O) can be one of the following:
· Option 1: the value range is from 0 to the length of PEI-frame i.e., (0…10**14-1) where  is the subcarrier spacing (SCS) configuration.
· Option 2: Similar to the configuration of firstPDCCH-MonitoringOccasionofPO defined in TS 38.331 i.e., the value range is (0… -1), where x=1, 1/2, 1/4, 1/8, 1/16… represents the density of PEI-frame in a paging cycle and is configured by RRC.
· Option 3: the value range is from 0 to the length of the configured PEI-F_offset i.e., (0…f*10**14-1), where f is the value of the PEI-F_offset.
Besides, similar as the list of firstPDCCH-MonitoringOccasionOfPO configured per PF, the network can also configure the list of firstPDCCH-MonitoringOccasionOfPEI-O per PEI-frame or per paging cycle. And each of PEI-Os in the list corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.
Proposal 3: Configure the list of firstPDCCH-MonitoringOccasionOfPEI-O per PEI-frame or per paging cycle. Each of PEI-Os in the list corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.


Figure 2: An illustration for the overlapping of PEI-MOs corresponding to different PEI-Os.

Additionally, there could be the case that some PEI-MOs respectively corresponding to different PEI-Os in a PEI-frame overlap with each other. Of course, there will be the same case for PO, however, the causing result for PO is only to increase the false alarm rate while the worse result for PEI is to increase the miss detection rate i.e., UE detect a wrong PEI DCI and follow the false indication e.g., UE may not be woken up to receive PO. Taken Figure 2 as an example, for the sake of both configuring PEI-Os to be as close to SSB as possible and reducing PEI resource overhead, the network can configure multiple PEI-Os to be overlapped with each other i.e., multiple PEI-Os have to share partial PEI-MOs. However, 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 PEI DCI belongs to itself or not. Note that we want to emphasize that the payload of PEI DCI for paging indication is limited so it may be unable to simply let one PEI DCI to indicate all these 4 POs.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]To address this issue, the direct way is to limit the length difference of any two symbol-level offsets which should be larger than the duration length of PEI-O. But actually, it is a strong limitation for configuring the symbol-level offset and a departure from the principle to configure PEI-O to be as close to SSB as possible. As such, carrying the indicated PO/PO group’s index via PEI DCI will be a more reasonable method. Through this indication, UE can easily figure out whether the detected PEI DCI is for itself or not.
Proposal 4: PEI DCI should carry the indicated PO group index to avoid the ambiguity e.g., adding 0-2bits PO group index indication in PEI DCI and adopt the text proposal 1 provided in Appendix 1.
3. [bookmark: _Ref498564494][bookmark: _Hlk521582650]RNTI for DCI format 2_7 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In the last meeting, whether defines a new RNTI or reuses P-RNTI for DCI format 2_7 still undecided. From our undestanding, to give a cleaner solution and the flexibility of further extension, a new PEI-RNTI for scrambling PEI DCI is reasonable. A new PEI-RNTI is also suitable for TS 38.202 to describe the PEI monitoring behaviour which can be different to that of PO.
Proposal 5: Support a new PEI-RNTI for DCI format 2_7 and adopt the text proposal 2 provided in Appendix 2.
4. The restriction for UE monitoring of DCI format 2_7
In the discussion of email thread [Post-107-e-NR-NR_UE_pow_sav_enh-Core-38.213], companies cannot converge their opinions on whether the following constraint is applied to UE monitoring of DCI format 2_7. As per editor’s suggest, this remaining issue can be further disscussed in RAN1. In our view, this will closely depend on the decision for RNTI of DCI format 2_7 i.e., reusing P-RNTI or define a new RNTI. Hence, we suggest to discuss this restriction for UE monitoring of DCI format 2_7 after that.
	If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or a TPC-SRS-RNTI
then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI format with CRC scrambled with the RNTI per slot.


5. Conclusion
In this contribution, the remaining issues have been discussed concluded with the following proposals.
Proposal 1: The value range of the frame-level offset (PEI-F_offset) should be {4, 5, 6, 7, 8…}.
Proposal 2: The value range of the symbol-level offset (firstPDCCH-MonitoringOccasionOfPEI-O) can be one of the following:
· Option 1: the value range is from 0 to the length of PEI-frame i.e., (0…10**14-1) where  is the subcarrier spacing (SCS) configuration.
· Option 2: Similar to the configuration of firstPDCCH-MonitoringOccasionofPO defined in TS 38.331 i.e., the value range is (0… -1), where x=1, 1/2, 1/4, 1/8, 1/16… represents the density of PEI-frame in a paging cycle and is configured by RRC.
· Option 3: the value range is from 0 to the length of the configured PEI-F_offset i.e., (0…f*10**14-1), where f is the value of the PEI-F_offset.
Proposal 3: Configure the list of firstPDCCH-MonitoringOccasionOfPEI-O per PEI-frame or per paging cycle. Each of PEI-Os in the list corresponds to a firstPDCCH-MonitoringOccasionOfPEI-O parameter.
Proposal 4: PEI DCI should carry the indicated PO group index to avoid the ambiguity e.g., adding 0-2bits PO group index indication in PEI DCI and adopt the text proposal 1 provided in Appendix 1.
Proposal 5: Support a new PEI-RNTI for DCI format 2_7 and adopt the text proposal 2 provided in Appendix 2.
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Appendix 1
----------------------------------------- Start of Draft TP1 of 212 -------------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc29326620][bookmark: _Toc29327770][bookmark: _Toc36045960][bookmark: _Toc36046220][bookmark: _Toc36046366][bookmark: _Toc45209283][bookmark: _Toc51852457][bookmark: _Toc83205924]7.3.1.3.8	Format 2_7
DCI format 2_7 is used for notifying the paging early indication and TRS availability indication for one or more UEs.  
[bookmark: OLE_LINK59]The following information is transmitted by means of the DCI format 2_7 with CRC scrambled by PEI-RNTI:
-	Paging indication field –  bit(s), where
[bookmark: OLE_LINK54]-    is the number of paging occasions configured by higher layer parameter PONumPerPEI as defined in Clause 10.4A in [5, TS 38.213];
-   is the number of sub-groups of a paging occasion configured by higher layer parameter subgroupsNumPerPO, if subgroupsNumPerPO is configured and not set to 0; otherwise  is set to 1.
Each bit in the field indicates one UE subgroup of a paging occasion if subgroupsNumPerPO is configured and not set to 0; otherwise each bit in the field indicates the UE group of a paging occasion.
-	TRS availability indication – 1, 2, 3, 4, 5, or 6 bits if TRS-ResourceSetConfig is configured; 0 bits otherwise.
-     Paging Occasion (PO) group index –0, 1 or 2 bits, where each codepoint indicates one PO group which the DCI format 2_7 associates with.
The size of DCI format 2_7 is indicated by the higher layer parameter payloadSizeDCI_format2_7, according to Clause 10.4A of [5, TS 38.213]. If the number of information bits in format 2_7 is less than the size of format 2_7, the remaining bits are reserved.
----------------------------------------- end of Draft TP1 of 212-----------------------------------------
[bookmark: _Ref37263484]Appendix 2
----------------------------------------- Start of Draft TP2 of 213 -------------------------------------
<Unchanged parts omitted>
10.1	UE procedure for determining physical downlink control channel assignment
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a PEI-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI and
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI.
<Unchanged parts omitted>
10.4B	Indication of TRS resources
A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7 with CRC scrambled by PEI-RNTI or a DCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set includes an association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not provided, the multiple is equal to 2. A value of ‘1’ for the bitmap indicates presence of associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to the frame that includes a PDCCH providing the DCI format 2_7 or the DCI format 1_0 with the TRS availability indication field indicating the TRS resource sets, where  is provided by defaultPagingCycle.
----------------------------------------- end of Draft TP2 of 213-----------------------------------------
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