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Introduction
In RAN#93-e [1], it was concluded that PDCCH-based PEI is supported in R17.
	Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      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
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 


This contribution will discuss the details of PDCCH-based PEI.

DCI format
It was agreed in RAN1#106bis-e [2] that the new DCI format is introduced for PEI in R17, and one bit in PEI PDCCH indicates one UE subgroup of a PO or one UE group/PO.
	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



The maximum number of total bits
For the maximum number of total bits, i.e. x value, we think x can be 32. It is up to gNB to configure large AL and large DCI size to reduce the time-domain overhead and keep the performance of PDCCH reception. 32 bits can be used for the case where Ns = 4 and the number of subgroups is 8.
Proposal 1: The maximum number of total bits for PEI PDCCH is 32.

One PEI indicating 3 POs in a PF
For one PEI indicating 3 POs in a PF, we think it is hard to support since there is no UE group defined for 3 POs. PO and PF are defined in TS 38.304. 
	The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns


It can be observed that UE groups for PF and PO are defined based on UE_ID.
The index of PF in a T is 
i_pf = UE_ID mod N.
The index of PO in a PF is 
i_s = floor(UE_ID/N) mod Ns.
In current discussion of RAN2, the index of UE subgroup in a PO can be
i_sg = (UE_ID/N*Ns) mod Nsg, where Nsg is the number of UE subgroup(s) in a PO.
All candidate values for N, Ns and Nsg are power of 2, and thus modulo of N, Ns or Nsg is indeed extracting bit (binary number) from UE_ID.
On the other hand, if one PEI indicates M PO(s), where Ns is an integer multiple of M, PEIs in the different PFs have the common locations. When M is 3, Ns is not an integer multiple of M, and thus PEIs in the different PFs have the different locations in a frame. It may complicate the specification of the symbol offsets.
Proposal 2: Prioritize one PEI indicating 1 or 2 or 4 PO(s) in a PF.

One PEI indicating POs across multiple PFs
For one PEI indicating POs across multiple PFs, we think when Ns <4 (i.e. Ns=1 or 2), it is still a valid use case for one PEI indicating 4 PO(s) across up to (4/Ns) PFs.
Table 1: One PEI indicates up to 4 PO(s) in PF(s)
	
	M=1 (1 PEI indicating 1 PO)
	M=2 (1 PEI indicating 2 POs)
	M=3 (1 PEI indicating 3 POs)
	M=4 (1 PEI indicating 4 POs)

	Ns=1
	PEI -> 1 PF*
	PEI -> 2 PFs**
	PEI -> 3 PFs
	PEI -> 4 PFs

	Ns=2
	PEI -> 1/2 PF
	PEI -> 1 PF
	PEI -> 3/2 PFs
	PEI -> 2 PFs

	Ns=4
	PEI -> 1/4 PF
	PEI -> 1/2 PF
	PEI -> 3/4 PFs
	PEI -> 1 PFs


*Note: The green front is supported by current agreement.
**Note: The blue front is possible cases for 1 PEI indicating POs across PFs.
1 PEI indicating POs across PFs can save the PEI time-domain overhead. For Ns =1 or 2, it is usually the DL resource limited cases, e.g. TDD and multi-beam sweeping. 1 PEI for 4 or 2 PFs is more suitable for these cases. By overcoming the DL resource overhead, N can be set with large value, and thus the group-paging-rate can be suppressed, e.g. 10%, which in turn brings the power saving gain.
Proposal 3: Support one PEI indicating POs across 2 or 4 PFs for Ns = 1 or 2 respectively.

PEI-O location
It was agreed in RAN1#106bis-e [2] that PEI-O is defined as S consecutive PDCCH MO associated to S actually transmitted SSBs, which is like PO.
	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


For the location of PEI-O, there were three alternative is to be determined.
	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



Alt-1
For Alt-1, it implies that the location of PEI-F and PEI-O can be defined by reusing the mechanism of PF and PO, with a frame-level offset (like PF_offset) and a set of symbol-level offsets (like “firstPDCCH…”).
PF_offset is defined combined with N in periodicity-and-offset manner.
	    nAndPagingFrameOffset               CHOICE {
        oneT                                NULL,
        halfT                               INTEGER (0..1),
        quarterT                            INTEGER (0..3),
        oneEighthT                          INTEGER (0..7),
        oneSixteenthT                       INTEGER (0..15)
    },


“firstPDCCH…PO” is defined as a list of symbol-level offsets each for a PO in a PF.
	firstPDCCH-MonitoringOccasionOfPO   CHOICE {
        sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
        sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
        sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS120KHZoneSixteenthT                                                      SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }      OPTIONAL,           -- Need R


UE can derive the starting PMO according to “firstPDCCH...”.
	When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S*X.


PF_offset and “firstPDCCH…PO” can provide the full flexibility of offset in granularity of symbol in PO-specific way. In this way, each PO can be placed by gNB flexibly in a PF with sacrifice of signaling overhead. However, to relate UE_ID, PEI-F can be defined similar as PF.
If 1 PEI indicate M PO(s), where M<=Ns, i.e. 1 PEI indicating PO(s) in a PF, the number of PEI-F in a T can be the same as N for simplicity, and the zero-frame-offset version of PEI-F can be the same as that of PF, i.e., 
SFN mod T = (T / N) * i_pf = (T / N) * (UE_ID mod N).
In this way, the frame-offset version of PEI-F can be
(SFN + PEI_offset) mod T = (T / N) * i_pf = (T / N) * (UE_ID mod N).
Then UE can determine the location(s) of M PEI-O(s) in PEI-F according to M “firstPDCCH…PEI”..
If 1 PEI indicate M POs, where M>Ns, i.e. 1 PEI indicating POs across multiple PFs, the number of PEI-F in a T will be N_pei = Ns/M*N <= N, and the zero-frame-offset version of PEI-F is the same as or sparser than that of PF, i.e., 
SFN mod T = (T / N_pei) * i_pf = (T / N_pei) * i_pei, where i_pei = floor(UE_ID/(N/N_pei)) mod N_pei.
Here i_pei means the index of PEI-F in a T, which is cited from [3]. Indeed i_pei represents log2(N_pei) MSB right after log2(N/N_pei) LSB in UE_ID.
In this way, the frame-offset version of PEI-F can be
(SFN_pei + PEI_offset) mod T = (T / N_pei ) * i_pei,
After deriving the PEI-F, UE can determine the symbol-level location of PEI-O in PEI-F according to a “firstPDCCH…PEI”.
The parameters of PEI-O location for different cases are shown in the following table.
Table 2: The parameters of PEI-O location for different cases
	
	M=1 (1 PEI indicating 1 PO)
	M=2 (1 PEI indicating 2 POs)
	M=4 (1 PEI indicating 4 POs)

	Ns=1
	PEI -> 1 PF
i_pf = UE_ID mod {2, 4, …, 128, 256}
	PEI -> 2 PFs
i_pei = floor(UE_ID/2) mod {1, 2, …, 64, 128}
	PEI -> 4 PFs
i_pei = floor(UE_ID/4) mod {1, …, 32, 64}

	Ns=2
	PEI -> 1/2 PF
i_pf = UE_ID mod {2, 4, …, 128, 256}
	PEI -> 1 PF
i_pf = UE_ID mod {2, 4, …, 128, 256}
	PEI -> 2 PFs
i_pei = floor(UE_ID/2) mod {1, 2, …, 64, 128}

	Ns=4
	PEI -> 1/4 PF
i_pf = UE_ID mod {2, 4, …, 128, 256}
	PEI -> 1/2 PF
i_pf = UE_ID mod {2, 4, …, 128, 256}
	PEI -> 1 PFs
i_pf = UE_ID mod {2, 4, …, 128, 256}


Note: N = {1/16, 1/8, 1/4, 1/2, 1}*T, T = {32, 64, 128, 256}, so the possible values for N are {2, 4, …, 128, 256}. The possible values for N_pei are derived based on Tables in Appendix.

Alt-2
For Alt-2, the intention could be to guarantee the sufficient number of SS burst(s) before the PO after PEI-O. However, the reference time and the time offset are not mentioned. We have no idea how to implement it, e.g. whether the reference time is the starting of one SS burst before PO or others. 
If the reference time is the starting of one SS burst before PO, how to define the SS burst? 
In idle/inactive, the location of PF, PO and PEI are all calculated by UE according to UE_ID. It is hard for UE to calculate the location of the SS burst according to UE_ID. There could be three options.
Option 1: Construct the relationship b/w the location of the SS burst and the PO. However, the location of the PO has frame-level (PF_offset) and symbol-level offset (list of “firstPDCCH…PO”), and the location of the SS burst is zero offset, and thus the relationship is hard to be constructed by the locations of the PO and the SS burst.
Option 2: Define the location of the SS burst is the closest SS burst before the reference time in Alt-3. It can be combined with Alt-3.
Option 3: Put the restrictions for Alt-1 and Alt-3, i.e. gNB should guarantee the sufficient number of SS burst(s) before the PO after PEI-O by the configurations. It can be combined with Alt-1 or Alt-3.
Therefore, we think Alt-2 can be combined with Alt-1 or Alt-3. Anyway, it can be further discussed in details.

Alt-3
For Alt-3, it mean to use a reference time and a time offset like that defined for DCI format 2-6.
	an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]


ps-Offset has granularity of 0.125ms.
	ps-Offset
The start of the search-time of DCI format 2-6 with CRC scrambled by PS-RNTI relative to the start of the drx-onDurationTimer of Long DRX (see TS 38.213 [13], clause 10.3). Value in multiples of 0.125ms (milliseconds). 1 corresponds to 0.125 ms, 2 corresponds to 0.25 ms, 3 corresponds to 0.375 ms and so on.


Different from Alt-1, there is only one offset (in time unit of ms or slot usually) in Alt-3, so the flexibility is limited. It should be noted that Al-1 can provide the symbol-level offset for each PEI-O (multiple offset when there are multiple PEI-Os in a PF), with sacrifice of more semi-static signaling.
In addition, it should be noted that through the reference time, both 1 PEI indicating PO(s) in a PF and across multiple PFs can be supported.

Summary
We list the comparisons among Alt-1/2/3 as follows.
Table 3: The comparisons among Alt-1/2/3
	
	Alt-1
	Alt-2
	Alt-3

	Mechanism
	Using PEI_offset to define PEI-F like PF;
Using “firstPDCCH…PEI” to defined the PEI-O-specific symbol-level offset
	Prior to the L-th SS burst before PEI-O
	Using a reference time and a time offset to define the location of PEI-O

	Flexibility
	Full
	TBD
	Limited

	Signaling overhead
	Large
	TBD
	Small

	New parameter
	M, PEI_offset, “firstPDCCH…”
	TBD
	M, the time offset

	RAN2 involvement
	More due to parameters PEI_offset and “firstPDCCH…PEI”
	TBD
	Less


[bookmark: _GoBack]From above table, we think due to full flexibility Alt-1 may have larger power saving gain, e.g. PEI-O is close to SSB. Therefore, we slightly prefer Alt-1.
Proposal 4: Support Alt-1 for determination of PEI-O location.
Proposal 5: If Alt-1 is supported, PEI-F can be determined by PEI_offset like PF, and the starting monitoring occasion of PEI-O can be determined by “firstPDCCH…” like PO.
No matter Alt-1/2/3, in our view, the number of PO(s) indicated by one PEI should be defined, i.e. M. Furthermore, it can be pre-defined or configured by gNB.
Proposal 6: The number of PO(s) indicated by one PEI should be defined.

Search space
It was agreed in RAN1#106bis-e [2] that search space for PEI can be a dedicated search space.
	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


We think the PEI should be placed immediately after an SS burst, but in typical case (O=0) search space zero is at the beginning of slot before the QCLed SSB(s). As exceptions, when O>0, search space zero can be after the QCLed SSB(s), but it seems not the typical deployment. 
On the other hand, using search space zero has impact to PO location, since the “location” of search space zero is “fixed” relative to SSB (due to 1-to-1 mapping). Maybe the PF_offset is not so meaningful.
	When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.


If search space zero is used for PEI and the same mechanism is applied to PEI-O, there could be collision b/w PO and the corresponding PEI in a frame. In our view, search space zero used by RAR/paging can be regarded as “fallback” search space when the time domain resource for CSS is lack.
For paging search space, it is more flexible than search space zero due to SIB1 configuration.
As the commonality of search space zero and paging search space, they are both used for scheduling data, so there are symbols in between monitor occasions reserved for scheduled data. However, this is not true for PEI search space.
Therefore, we are reserved our viewpoint on supporting using search space zero or paging search space for PEI, but we are open to discuss it.

[bookmark: _Ref494215420]Conclusion
In the contribution, we have the following proposals.
Proposal 1: The maximum number of total bits for PEI PDCCH is 32.
Proposal 2: Prioritize one PEI indicating 1 or 2 or 4 PO(s) in a PF.
Proposal 3: Support one PEI indicating POs across 2 or 4 PFs for Ns = 1 or 2 respectively.
Proposal 4: Support Alt-1 for determination of PEI-O location.
Proposal 5: If Alt-1 is supported, PEI-F can be determined by PEI_offset like PF, and the starting monitoring occasion of PEI-O can be determined by “firstPDCCH…” like PO.
Proposal 6: The number of PO(s) indicated by one PEI should be defined.

Reference 
[1] [bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP RAN#93-e Chairman’s Notes, Sep. 13 - 17, 2021.
[2] 3GPP RAN1#106bis-e Chairman’s Notes, October 11th – 19th, 2021.
[3] R1-2109292, “Discussion on paging early indication design”, RAN1#106bis-e, CMCC, October 11th – 19th, 2021.2

Appendix
The possible values for N_pei are listed in the following two tables.
Table 4: The possible values for N_pei when N_pei = N/2 (for {M=2, Ns=1} and {M=4, Ns=2})
	
	T=32
	T=64
	T=128
	T=256

	N/T=1/16
	N=2, N_pei=1
	N=4, N_pei=2
	N=8, N_pei=4
	N=16, N_pei=8

	N/T =1/8
	N=4, N_pei=2
	N=8, N_pei=4
	N=16, N_pei=8
	N=32, N_pei=16

	N/T =1/4
	N=8, N_pei=4
	N=16, N_pei=8
	N=32, N_pei=16
	N=64, N_pei=32

	N/T =1/2
	N=16, N_pei=8
	N=32, N_pei=16
	N=64, N_pei=32
	N=128, N_pei=64

	N/T =1
	N=32, N_pei=16
	N=64, N_pei=32
	N=128, N_pei=64
	N=256, N_pei=128



Table 5: The possible values for N_pei when N_pei = N/4 (for {M=4, Ns=1} 
	
	T=32
	T=64
	T=128
	T=256

	N/T=1/16
	N=2, N_pei=1
	N=4, N_pei=1
	N=8, N_pei=2
	N=16, N_pei=4

	N/T =1/8
	N=4, N_pei=1
	N=8, N_pei=2
	N=16, N_pei=4
	N=32, N_pei=8

	N/T =1/4
	N=8, N_pei=2
	N=16, N_pei=4
	N=32, N_pei=8
	N=64, N_pei=16

	N/T =1/2
	N=16, N_pei=4
	N=32, N_pei=8
	N=64, N_pei=16
	N=128, N_pei=32

	N/T =1
	N=32, N_pei=8
	N=64, N_pei=16
	N=128, N_pei=32
	N=256, N_pei=64



