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Introduction
In RAN1#107-e meeting, there accomplished the specification CRs for R17 UE power saving enhancements [1][2][3], including those for paging early indication (PEI) design in [1] and [2]. In this contribution, the following issues collected in feature lead summary [4] are investigated, and the corresponding solutions/CRs are proposed:
· Section 2: Whether and how a new PEI-RNTI for DCI format 2_7 is supported (including fixed or configurable)

· Section 3: The ranges of the offsets for PEI-O location determination:
· PEI-F_offset
· firstPDCCH-MonitoringOccasionOfPEI-O

· Section 4: Whether the following constraint is applied to UE monitoring of DCI format 2_7:
	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.


 

PEI-RNTI for DCI Format 2_7
In RAN1#107-e meeting, it is agreed that payload size of DCI format 2_7 can be the same as paging DCI:

	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




Since it is possible DCI format 2_7 reuses existing paging search space, a new RNTI is required for UE to distinguish DCI format 2_7 from paging DCI. By the above, we have the following proposal:

[bookmark: _Ref92670514]Proposal 1: A new fixed PEI-RNTI is supported for DCI format 2_7. Value of PEI-RNTI is up to RAN2 design.

Accordingly, the following revision to TS 38.213 is also suggested

[bookmark: _Ref92670542]Proposal 2: The following text proposal to Section 10.1 of TS 38. 213 is adopted:
	[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc83289685][bookmark: _Ref491451763][bookmark: _Ref491466492]*** Unchanged text is 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
*** Unchanged text is omitted ***




Design of Time Offsets for PEI-O Location Determination
In RAN1#107-e [4], the ranges of a frame-level offset and a symbol-level offset for PEI-O location determination remain to be specified (as quoted below), and Figure 1 illustrates how the offsets are utilized for the PEI-O location.

	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.




[image: ]
[bookmark: _Ref92661519]Figure 1: Illustration of PEI-O location determination
For the frame-level offset, i.e., PEI-F_offset [5], the following design considerations should be enforced:
· According to the note in the agreement, i.e., “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.”, one can infer that the reference frame should contain a SS burst so that PEI-O can be placed close to the SS burst for better power saving gain.  

· There should allow additional SSB or TRS for UE to refine synchronization after PEI is detected since it is checked that PDCCH-based PEI can be detected under 0.5 ppm CFO while paging PDSCH needs to be detected under 0.1 ppm CFO [6]. If UE is expected to reduce SSB processing for power saving with PEI, network should ensure at least one SS burst or TRS slot for UE when UE is indicated to receive PO. Since TRS availability is not always guaranteed, minimum PEI-F_offset should be set 30 ms so as to ensure one SS burst before PEI-O and one SS burst between PEI-O and PO. The minimum of PEI-F_offset can be set to 60 ms, corresponding to the case there is one SS burst before PEI-O and two SS bursts between PEI-O and PO.

[bookmark: _Ref92670585]Observation 1: Design of the PEI-F-offset time offset range should ensure: 1) The reference frame contains a SS burst, and 2) There is at least one SS burst between PEI-O and PO.
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[bookmark: _Ref92670631]Figure 2: Design considerations of PEI-O location design.

By the above, the suggested range of PEI-F_offset is as follows:
[bookmark: _Ref92670655]
Proposal 3: The range of the frame-level offset for PEI-O, i.e., PEI-F_offset, is {3, 4, 5, 6}.

Once the reference frame is determined to be a frame of SS burst, next question is low to place PEI-O close to or overlapped with the reference frame. To allow UE to detect PEI from the best beam for less detection complexity, it is beneficial to have PEI-O placed “after and close to” the reference SS burst. Since there is proponent of overlapped PEI-O and SS burst, one way forward on the range of the symbol-level time offset is as follows: 
· Separation between the SS burst start and PEI-O start is at least 1 slot (i.e., 14 symbols) so as to allow UE to first process SSB before detecting its associated PEI monitoring occasion.
· Separation between the SS burst start and PEI-O start is at most 2 ms (i.e., 28, 56, 112, 224 symbols for , respectively) in order to keep the overall UE wake-up time as small as possible

[bookmark: _Ref92670679]Proposal 4: The range of the symbol-level offset for PEI-O, i.e., firstPDCCH-MonitoringOccasionOfPEI-O, has effective minimum of 1 slot, i.e., 14 symbols, and effective maximum of 2 ms, i.e., 28, 56, 112, 224 symbols for , respectively.

Constraint for UE Monitoring Outcome
In Section 10.1 of TS 38.213 [2], the following constraint is helpful for UE to exclude duplicated DCI formats from monitoring of a broadcast or group-based RNTI: 

	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.



Since UE expects at most one PEI outcome from each PEI monitoring occasion, the same constraint also applies to peiSearchSpace and DCI format with PEI-RNTI. Consequently, the following is suggested:
[bookmark: _Ref92670715]
Observation 2: UE expects at most one PEI outcome from each PEI monitoring occasion.
[bookmark: _Ref92670735]Proposal 5: The following text proposal to Section 10.1 of TS 38. 213 is adopted:
	*** Unchanged text is omitted ***
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, peiSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a PEI-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.
*** Unchanged text is omitted ***




[bookmark: _Ref68686484]Summary
In this contribution, the following observations and proposals are provided:

Proposal 1: A new fixed PEI-RNTI is supported for DCI format 2_7. Value of PEI-RNTI is up to RAN2 design.

Proposal 2: The following text proposal to Section 10.1 of TS 38. 213 is adopted:
	*** Unchanged text is 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
*** Unchanged text is omitted ***



Observation 1: Design of the PEI-F-offset time offset range should ensure: 1) The reference frame contains a SS burst, and 2) There is at least one SS burst between PEI-O and PO.

[image: ]
Figure 2: Design considerations of PEI-O location design.

Proposal 3: The range of the frame-level offset for PEI-O, i.e., PEI-F_offset, is {3, 4, 5, 6}.

Proposal 4: The range of the symbol-level offset for PEI-O, i.e., firstPDCCH-MonitoringOccasionOfPEI-O, has effective minimum of 1 slot, i.e., 14 symbols, and effective maximum of 2 ms, i.e., 28, 56, 112, ,  𝟖, respectively.
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Observation 2: UE expects at most one PEI outcome from each PEI monitoring occasion.

Proposal 5: The following text proposal to Section 10.1 of TS 38. 213 is adopted:
	*** Unchanged text is omitted ***
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, peiSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a PEI-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.
*** Unchanged text is omitted ***
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