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Introduction
In RAN1#106bis-e, the following agreements were achieved [1].
	Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]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:
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]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


[bookmark: OLE_LINK92][bookmark: OLE_LINK93]In this contribution, we first discuss paging enhancement schemes, especially the information conveyed by PDCCH-based PEI, and then we give the detailed design of PDCCH-based PEI including the procedures of PEI monitoring, PEI resource configurations and bit fields of PDCCH-based PEI, etc. 

Discussion on paging enhancement schemes
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]The paging early indication (PEI) can provide power saving gains and was agreed to be supported in RAN1#103-e. In RAN1#105-e, maximum of 8 subgroups per PO is supported. In this section, we further discuss the procedure of PDCCH-based PEI, multiple POs associated with one PEI and short message.
The procedure of paging indication schemes in RRC_IDLE/Inactive mode
The general procedure of paging reception for RRC_IDLE/Inactive UE is shown as follows, 
IDLE/Inactive UE needs to wake up in advance in preparation of the PEI decoding and paging DCI/message decoding before the configured Paging Occasion (PO) as shown in Figure 1 with the following steps: 
1) UE needs to set up the wakeup time before PO based on the expected preparation time of paging DCI and paging message decoding since UE does not know the exact camping cell and received signal quality of the PDCCH and PDSCH channels after the wakeup from long deep sleep. Moreover, most of UE components were shut down and the local oscillator is in free running during the deep sleep. During the preparation period before PO, UE needs to tune all components of the front-end processors in preparation of data reception (warm up) - The preparation period is designed to accommodate all the processing requirements.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]2) Timing acquisition from SSB and coarse synchronization – UE is assumed to be out-of-sync from the network after long deep sleep (no synchronization after 160 – 320 ms) [2]. The local oscillator at the UE is in free running mode without the calibration of frequency stability from DL received signals. UE uses the timing reference generated from local oscillator for cell search and timing acquisition. UE would use the first detect SSB for the initial timing acquisition and AGC tuning after long sleep through the peak detection of the PSS/SSS.
3) Frequency and time tracking after coarse synchronization – After coarse synchronization, UE starts the front-end processing with algorithm of frequency and time offset estimation.
4) Calibration of local oscillator – the reference timing clock from local oscillator needs to be calibrated by the received signals with time and frequency offset fine tuning to correct the frequency drift of the local oscillator in achieving 0.1 ppm frequency stability requirements [3]. Since UE cannot measure the exact frequency drift caused by the free running of local oscillator when UE wakeup from deep sleep, UE had to prepare for frequency tuning based on the worse case of frequency drifting up to 5 ppm. UE needs to use additional SSB with frequency and timing offset fine tuning in order to achieve the calibration of local oscillator.
5) Time and frequency offset compensation of receiving signals.
6) Demodulating/decoding the paging DCI from PDCCH for paging indication.
7) Demodulating/decoding PDSCH and retrieve the paging information. 
8) If UE ID is included in the paging message, UE performs the subsequent processing, such as contention-based PRACH etc. Otherwise, UE goes back to sleep. 
RRM measurement could be performed during SMTC window when UE wakes up to decode the paging message. Meanwhile, RRM measurement enhancement can be performed, such as increase the RRM measurement periodicity for no/low mobility UE based on Rel-16 optimization schemes.


Figure 1: Illustration of paging reception procedure in Rel-16
PDCCH-based PEI is the paging early indication in the content of DCI format for UE to decode before the paging occasion. The PEI decoding of new DCI format is a coherent demodulation and polar decoding. The performance requirement of channel compensation for PDCCH-based PEI is the same as that of DCI format 1_0 decoding for paging DCI. TRS/CSI-RS configured for CONNECTED mode UE could be configured for UE in RRC_IDLE/Inactive state to assist UE in performing time and frequency tracking. The procedure of TRS/CSI-RS assisted PDCCH-based PEI is shown in Figure 2. In the procedure, one or more SSB and TRS/CSI-RS can be used in combination to perform channel tracking and local oscillator calibration. PDCCH-based PEI could indicate UE whether or not to monitor paging PDCCH in the subsequent PO. When UE receives PDCCH-based PEI, UE will be indicated to wake up and decode PDCCH/PDSCH carried paging message at next paging occasion. Otherwise, UE continues to sleep after PDCCH-based PEI reception. The related procedure is shown as following figure.


Figure 2: Illustration of paging reception with TRS/CSI-RS assisted PDCCH-based paging indication
Based on RAN4 LS [4], we can see that CONNECTED mode UE needs to perform AGC and channel tracking with minimum gap of RSs of 2 slots or 2ms for measurement cycle more than 160ms. Thus, IDLE/Inactive UE cannot simultaneously perform AGC and channel tracking by the first SSB for PDCCH-based PEI detection. At least one SSB for AGC and the other SSB for channel tracking are needed. The coherent detection for PDCCH-based PEI needs at least 2 SSBs to get the initial time and frequency offset estimation. In addition, as the illustration of paging reception procedure in Figure 1, UE needs to perform the AGC, time/frequency tracking and estimation, time/frequency offset compensation, clock drifting calibration and sampling interval adjustment based on 3 SSBs to achieve 0.1ppm frequency stability requirements [3] before decoding the paging DCI regardless the SINR of the received signals. IDLE/Inactive UEs could not assume any channel condition after waking up from long sleep and risking miss-detection of paging DCI and paging message at PO. There is no difference in tolerance of frequency and timing errors for the decoding between PDCCH-based PEI and paging DCI. To ensure the PDCCH-based PEI with reliable detection performance, 3 SSBs are also needed to compensate frequency offset before decoding the PDCCH-based PEI. For the high SINR case, 1 SSB may be enough in link level evaluation results when the initial frequency offset is low. However, it is not realistic for the UE to make such assumptions in the real deployment due to the UE cannot obtain its SINR accurately and measure the frequency drift. Thus, the initial frequency offset may be high in preparation of PDCCH-based PEI decoding after long deep sleep. Once the UE fails to decode the PDCCH-based PEI based on the SSB closest to its PO, it may miss the subsequent paging message. UE would be designed to support the worst case scenario and not make an ideal assumption of only receive 1 SSB before its PO for PEI decoding. UE needs to wake up early enough to ensure sufficient SSBs for frequency offset compensation in general to handle the case of low SINR and large initial frequency offset. Therefore, it is necessary to receive 3 SSBs before PDCCH-based PEI, as shown in Figure 2.
Proposal 1: Three SSBs are needed for the UE to perform coherent detection of PDCCH-based PEI before PO.

Multiple POs associated with one PEI
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In order to reduce PEI resource overhead, there are proposals to consider multiple POs associated with one PEI. In RAN1#106bis-e, it was agreed that one PEI can be configured to indicate up to 4 PO(s) in a PF, whether to supporting map PEI to 3 POs in a PF and 1 PEI for POs across multiple PFs should be further discussed.
	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



[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Issue 1: Whether to support one PEI for POs across multiple PFs
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Multiple POs associated with one PEI is an essential function in reducing the PEI resource overhead and fully utilizing the payload of new DCI format for PEI. For the scenario of small number of POs within a DRX cycle, the number of UEs within a PO is relatively larger comparing to that of large number of POs within a DRX cycle. One PEI can provide sub-grouping indication information to one PO. For the scenario of large number of POs within a DRX cycle, one PEI indicates the paging subgroups of multiple POs would reduce the overhead of number of PEIs required. The number of POs associated with one PEI should be dynamically configured by the network based on the number of POs within a DRX cycle. In particular, the PEI design should not have impact to the legacy UE paging reception and the number of POs configured by the network. It is not flexible that one PEI is only configured to indicate the POs within a PF. For the scenario of large number of POs within a DRX cycle, one example is given in Figure 3 with N=T and Ns=4, and the period of SSB is 20ms, thus there are 8 POs within one SSB period. In this scenario, it is reasonable that one PEI indicate 8 POs across two PFs. If another PEI is used to indicate the 4 POs in the second PF, the power saving gain is less than that of one PEI indicates all POs within 2 PFs due to the large gap between SSB and the another PEI. Moreover, the PEI resource overhead is also reduced in this scenario. Therefore, gNB can flexibly configure one PEI for POs across multiple PFs to obtain more power saving gain and reduce PEI resource overhead.


Figure 3: An example of the scenario of large number of POs
Proposal 2: Support one PDCCH-based PEI for POs across multiple PFs.

[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Issue 2: The maximum number of total bits for paging indication field in PEI
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The number of total bits for paging indication field in PEI depends on the number of POs associated with one PEI and the sub-group numbers per PO. In order to increase the power saving gain, the number of bits for paging indication field should be enough to support these indications such as multiple POs and sub-grouping. Since the detection performance of PDCCH-based PEI is at least the same level as that of paging DCI, the maximum number of bits for paging indication field should not be larger than the payload size of paging DCI. It is appropriate that the maximum number of total bits for paging indication field in PDCH-based PEI is 40. And the DCI size is configured by gNB.
Proposal 3: The maximum number of total bits for paging indication field in PDCCH-based PEI is 40.
The number of POs associated with one PEI depends on the number of the sub-groups in a PO and the maximum payload size of DCI format 2_7 for PEI. When the number of sub-groups per PO is configured to be less than 8, multiple POs crossing PFs indicated by one PEI should be supported to fill the minimum 12-bit payload sizes of DCI formant 2_7 for PEI and to reduce PEI resource overhead, e.g. one PEI indicates 8 POs across 2 PFs if the number of sub-groups per PO is no more than 5 as shown in Figure 3. When the number of sub-groups per PO is 8, the number of POs associated with one PEI is up to 5. The number of paging subgroups would be determined by CORE network based on different UE characteristics, such as IoT devices, smart phone, or broadcast devices. In most legacy deployment scenarios, one PF contains only PO. The number of POs associated with one PEI and the number of sub-groups per PO should be configured by the network with flexibility and without impact to legacy UEs paging strategy. 
Proposal 4: The POs cross PF associated with one PEI should be supported with maximum number of POs associated with one PEI being 8.

Issue 3: Whether to support 1 PEI for 3 POs in a PF
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: _GoBack]Although one PF contains 1, 2 or 4 POs based on the value of Ns, the number of POs associated with one PEI should be designed with the optimal flexibility of network configuration and efficiency in the payload size of DCI format 2_7 for PEI. One PEI should be able to associate with be 1, 2, 3 or 4 POs within a PF or cross PFs. The standard specification should support any number of POs associated with one PEI and any number of paging subgroups within a PO for the flexibility of network configuration.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 5: The standard specification should support any number of POs associated with one PEI and any number of paging subgroups within a PO for the flexibility of network configuration.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion on short messages conveyed by PEI
In Rel-16, short messages can be transmitted on PDCCH using P-RNTI with or without associated Paging message using Shout Message field in DCI format 1_0. In Rel-17, there are proposals that shout messages are conveyed in PDCCH-based PEI with the argument that early transmission of short messages can bring power saving gain without justification from the simulation results. However, it is common understanding that the short messages will not be transmitted frequently. The addition of short message included in DCI format 2_7 of PEI would reduce the capacity of paging subgroup indication based on the same PEI detection reliability. The persistent short message included in PEI will not provide additional power saving gain but also potential increase of UE power consumption and network overhead. In addition, the PDCCH-based PEI may be designed to support multiple POs and 8 sub-groups per PO, which implies large number of bits would be needed in PDCCH-based PEI. The current short message field is 8 bits. If additional 8 bits is added to the DCI of PDCCH-based PEI, DCI size may be too large and not to meet the PEI detection performance and the coverage requirement in the cell. Therefore, there is no need to repeat the same functionality of supporting short message in PDCCH-based PEI. The PDCCH-based PEI can be used to indicate UE receiving paging DCI. There is no need to split the indications of scheduling for paging and short messages in different DCIs. 
Proposal 6: Short messages are not supported by PDCCH-based PEI.

Design of PDCCH-based PEI
Based on the discussions in Section 2, the PDCCH-based PEI should support to indicate multiple POs and sub-group per PO. In this section, we further discuss the detailed design of PDCCH-based PEI containing PEI resource configuration, bit fields of PDCCH-based PEI and so on.
The procedure of PDCCH-based PEI monitoring
PDCCH-based PEI is supported in Rel-17, the procedure of PDCCH-based PEI monitoring from a UE perspective could be assumed as following steps:
Step1: UE receives or derives its sub-group number.
· If CN chooses to allocate UE sub-group information based on UE characteristics, the sub-group number is provided by NAS signaling during UE registration.
· If CN chooses to not provide specific sub-group information, the sub-group number is calculated by UE ID for randomization.
Step 2: UE decodes the number of sub-group in a PO (G) from SIB-X.
Step 3: UE decodes the number of POs associated with one PEI (N1) from SIB-X. N1 can be directly signaled by SIB-X in the PEI configuration.
Step 4: UE determines the PDCCH-based PEI resource and monitoring occasion with the detailed solutions given in the subsequent Section 3.2.
Step 5: UE determines the corresponding bit location of paging subgroup in PDCCH-based PEI as detailed description in Section 3.3.
Base on the above five steps, UE can decode its paging subgroup indication from PEI and determine whether or not to monitor paging DCI in the subsequent PO. 

Resource Configuration for PDCCH-based PEI 
For RRC_IDLE/Inactive mode UE, PDCCH-based PEI is used to indicate whether there is a paging message for a given group before the PO. The new DCI format 2_7 of PDCCH-based PEI could indicate one or more POs. In general, the procedure of PDCCH-based PEI resource configuration could be assumed in the following steps: 
Step 1: The PDCCH-based PEI could be configured in the existing CRESET0 or common CORESET.
Step 2: The search space for PDCCH-based PEI can be included in PDCCH-ConfigCommon IE.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Step 3: The time domain resource location and QCL configuration of CORESET for PDCCH-based PEI is determined. 
UE needs to determine the first PDCCH monitoring occasion for PDCCH-based PEI detection. In RAN1#106bis-e, three alternatives are agreed to determine the first PDCCH monitoring occasion of the PEI-O for a target PO. 
	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



In this section, Alt 1 and Alt 3 are further discussed with the methodology and formulation in deriving one PEI indicating multiple POs within one PF or across multiple PFs.
Determination of PEI-O in Alt 1	
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]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. This alternative is similar to the derivation of paging frame for the paging occasion. The reference frame in time domain for a given UE could be derived by UE based on UE ID. There are two options given below and both of them are used to determine the first PDCCH monitoring occasion of PEI-O in Alt 1.
Alt 1_option 1:
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37]Alt 1_option 1_step 1: Calculate SFN of PEI occasion
(SFN + PF_offset + PEI_offset) mod T = (T div N) * floor[floor(((UE_ID mod N) *Ns + i_s)/N1) * (N1/Ns)]
Where: 
· SFN is the SFN number of reference frame determined by a frame-level offset to the PF
· PF_offset is the offset used for PF determination
· PEI_offset is the frame level offset used for the reference frame determination
· T is a DRX cycle
· N is the number of paging frames in a DRX cycle 
· Ns is the number of paging occasions in a Paging Frame
· N1 is the number of PO associated with one PEI
· i_s is the index i_s corresponding to the PO
· UE_ID is the 5G-S-TMSI mod 1024
All parameters are signaled to UE through NAS and system broadcast (SIB) similar to those of paging occasion. The parameters for PEI resource in time domain could link to existing PO parameters. The PEI_offset is the frame level offset used for the reference frame determination, and the unit of the PEI_offset should be radio frame level which is similar to the PF_offset. Regarding the range of the PEI_offset, The PDCCH-based PEI should be located between the PO and the SSB nearest to the PO. Thus, the range of the PEI_offset is 0~1, i.e. the possible values of PEI_offset are 0 and 1.
Proposal 7: For the frame-level offset in Alt 1, the unit is radio frame level and the range of the frame-level offset is 0~1.
· Alt 1_option 1_step 2: Calculate PEI index of UE_ID associated with Ns values of firstPDCCH-MonitoringOccasionOfPEI
PEI_i_s = floor(((UE_ID mod N)*Ns + i_s)/N1) mod Ns
Where: 
· PEI_i_s is the PEI index of UE_ID associated with Ns values of firstPDCCH-MonitoringOccasionOfPEI
· N is the number of total paging frames in T
· Ns is the number of paging occasions for a PF
· N1 is the number of PO associated with one PEI
· i_s is the index i_s corresponding to the PO
· UE_ID is the 5G-S-TMSI mod 1024
All parameters could be configured by SIB or higher layer signaling. They could also link to existing PO parameters. The first PDCCH monitoring occasion is configured by the parameter of firstPDCCH-MonitoringOccasionOfPEI. The unit of first PDCCH monitoring occasion of PEI is symbol level which is similar to firstPDCCH-MonitoringOccasionOfPO for PO. The range of the first PDCCH monitoring occasion of PEI can use the range of firstPDCCH-MonitoringOccasionOfPO as the reference.
Proposal 8: The unit and range of the configuration for the first PDCCH monitoring occasion in Alt 1 can use the unit and range of firstPDCCH-MonitoringOccasionOfPO as the reference.
For the option 1 of Alt 1, an example of determining PEI-O is shown in Figure 4a with N=T, Ns=4 and N1=3, which is supporting one PEI for 3 POs in a PF. Total of 12 POs in the 3 PFs are numbered 0, 1, 2... 11. Based on the calculations in option 1, the PEI of the PO numbered 0~2 and the PEI of the PO numbered 3~5 are located in the same PEI frame. The PEI of the PO numbered 6~8 and the PEI of the PO numbered 9~11 are located in the second PEI frame and third PEI frame respectively. The first PDCCH monitoring occasion of these PEIs can be determined by PEI_i_s. Similarly for the case of N=T, Ns=2 and N1=4 shown in Figure 4b, each PEI could associate with 4 POs cross 2 PFs. There is 1 PEI within the PEI frame, and the first PDCCH monitoring occasion of these PEIs can be determined by PEI_i_s.

Figure 4: An example of determining PEI-O by option 1 of Alt 1
Similar to the paging reception specified in 38.304, the PDCCH monitoring occasions for PDCCH-based PEI are determined according to PDCCH-based PEI search space and firstPDCCH-MonitoringOccasionOfPEI and nrofPDCCH-MonitoringOccasionPerSSB-InPEI. All of these parameters are configured by SIB. When SearchSpaceId = 0 is configured for PDCCH-based PEI search space, the PDCCH monitoring occasions for PDCCH-based PEI are same as for RMSI.
When SearchSpaceId other than 0 is configured for PDCCH-based PEI search space, the UE monitors the PEI corresponding to the (PEI_i_s + 1) th value of firstPDCCH-MonitoringOccasionOfPEI. A PEI 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-InPEI if configured or is equal to 1 otherwise. When firstPDCCH-MonitoringOccasionOfPEI is present, the starting PDCCH monitoring occasion number of PEI is the (PEI_i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPEI parameter; otherwise, it is equal to PEI_i_s * S*X.

Alt 1_option 2:
· Alt 1_option 2_step 1: Calculate SFN of PEI occasion
(SFN + PF_offset + PEI_offset) mod T = (T div N) * floor((UE_ID mod N) /A) * A
Where: 
· SFN is the SFN number of reference frame determined by a frame-level offset to the PF
· PF_offset is the offset used for PF determination
· PEI_offset is the frame level offset used for the reference frame determination
· T is a DRX cycle
· N is the number of paging frames in a DRX cycle 
· Ns is the number of paging occasions in a Paging Frame
· N1 is the number of PO associated with one PEI
· 
· UE_ID is the 5G-S-TMSI mod 1024
All parameters are signaled to UE through NAS and system broadcast (SIB) similar to those of paging occasion. The parameters for PEI resource in time domain could link to existing PO parameters. Similar to Alt 1_option 1, the unit is radio frame level and the range of the frame-level offset is 0~1, i.e. the possible values of PEI_offset are 0 and 1.
· Alt 1_option 2_step 2: Calculate PEI index within SFN for PEI

Where: 
· PEI_i_s is the PEI index within SFN for PEI
· N is the number of total paging frames in T
· Ns is the number of paging occasions for a PF
· N1 is the number of PO associated with one PEI
· i_s is the index i_s corresponding to the PO
· UE_ID is the 5G-S-TMSI mod 1024
All parameters could be configured by SIB or higher layer signaling. They could also link to existing PO parameters. Similar to Alt 1_option 1, the unit and the range of the configuration for the first PDCCH monitoring occasion of PEI can refer to the unit and range of firstPDCCH-MonitoringOccasionOfPO.
For the option 2 of Alt 1, an example of determining PEI-O is shown in Figure 5 with N=T, Ns=4, there are 4 POs within a PF. And a total of 12 POs in the 3 PFs are numbered 0, 1, 2... 11. 
· For the Figure 5a, assume that one PEI indicates 3 POs, this means that N1 is not integral multiple or submultiple of Ns. Based on the calculations in option 2, the PEIs of these 12 POs are located in the same PEI frame. There are 4 PEIs within the PEI frame. The first PDCCH monitoring occasion of these PEIs can be determined by PEI_i_s.
· [bookmark: OLE_LINK54][bookmark: OLE_LINK55]For the Figure 5b, assume that one PEI indicates 4 POs, this means that N1 is integral multiple of Ns. Based on the calculations in option 2, the PEIs of the POs corresponding to different PFs are located in the different PEI frame. There is 1 PEI within the PEI frame, and the first PDCCH monitoring occasion of these PEIs can be determined by PEI_i_s.

Figure 5: An example of determining PEI-O by option 2 of Alt 1
Similar to the paging reception specified in 38.304, the PDCCH monitoring occasions for PDCCH-based PEI are determined according to PDCCH-based PEI search space and firstPDCCH-MonitoringOccasionOfPEI and nrofPDCCH-MonitoringOccasionPerSSB-InPEI. All of these parameters are configured by SIB. When SearchSpaceId = 0 is configured for PDCCH-based PEI search space, the PDCCH monitoring occasions for PDCCH-based PEI are same as for RMSI.
When SearchSpaceId other than 0 is configured for PDCCH-based PEI search space, the UE monitors the (PEI_i_s + 1)th PEI. A PEI 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-InPEI if configured or is equal to 1 otherwise. When firstPDCCH-MonitoringOccasionOfPEI is present, the starting PDCCH monitoring occasion number of (PEI_i_s + 1)th PEI is the (PEI_i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPEI parameter; otherwise, it is equal to PEI_i_s * S*X.

[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Determination of PEI-O in 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. In general, UE needs to determine the reference time first, which is the basis for determining the first PDCCH monitoring occasion of the PEI-O. Assume that the number of POs associated with one PEI is N1, and the reference time is the first MO of the first PO within N1 POs indicated by one PEI. UE needs to calculate the PO_Index of these N1 POs, and the PO with PO_Index=0 is the first PO indicated by one PEI and can be taken as reference time. The first PO within N1 POs can be the PO monitored by this UE or other PO monitored by other UEs. If N1 is configured to 1 by gNB, the first PO within N1 POs is the PO monitored by this UE.
Proposal 9: For determining the first PDCCH monitoring occasion of the PEI-O in Alt 3, the reference time is the first MO of the first PO indicated by the PEI.
For Alt3, there are three steps to determine the first PDCCH monitoring occasion of the PEI-O as shown in the following. Note that the following solution supports 1 PEI associated with any value of POs within a PF or cross multiple PFs, e.g. 1 PEI for 3 POs in a PF.
· [bookmark: OLE_LINK91][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Alt 3_step 1: Calculate PO_Index of the POs from network perspective.
Although UE monitors one PO per DRX cycle, UE can obtain the paging frame (PF) location of all POs within the DRX cycle by the paging parameter of N and PF_offset. An example is given in the following Table 1. N is the number of paging frames in a DRX cycle and PF_offset is the paging frame offset used for PF determination. The parameter SFN_PF is the SFN of the PF, which can be determined by the paging parameters of N and PF_offset signaled by SIB.
Table 1: An example of PF location of all POs within a DRX cycle
	N
	PF_offset
	SFN_PF within a DRX cycle

	T
	0
	0
	1
	2
	3
	4
	…

	T/2
	0
	0
	2
	4
	6
	8
	…

	T/2
	1
	1
	3
	5
	7
	9
	…

	T/4
	0
	0
	4
	8
	12
	16
	…



The PO_Index is the index of paging occasion within multiple paging occasions indicated by the PEI and can be calculated as below:
· [bookmark: OLE_LINK111][bookmark: OLE_LINK112]PO_Index = (floor(SFN_PF*N*Ns/T)+i_s) mod N1
Where:
· PO_Index is the index within N1 POs
· SFN_PF is the SFN of PF corresponding to the PO
· N is the number of total paging frames in T
· Ns is the number of paging occasions for a PF
· T is a DRX cycle
· i_s is the index i_s corresponding to the PO
· N1 is the number of PO associated with one PEI
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]UE needs to calculate the PO_index of the PO monitored by it as well as the PO_index of reference PO as the reference time to derive the PEI-O. The reference PO is the PO with PO_index =0. The first PDCCH monitoring occasion of the PEI-O is derived from a time offset of the reference time, which is the first MO of the reference PO. An example of calculating of PO_index of all POs within a DRX cycle is given in Table 2 with N=T, Ns=2, PF_offset=0 and N1=4, the SFN for the Paging Frame from network perspective is 0, 1, 2, 3 … and the i_s of PO within a PF is 0 or 1.
Table 2: An example of calculating of PO_Index of all POs within a DRX cycle
	N
	Ns
	N1
	SFN_PF
	i_s
	floor(SFN_PF*N*Ns/T)+i_s
	PO_Index

	T
	2
	4
	0
	0
	0
	0

	
	
	
	
	1
	1
	1

	
	
	
	1
	0
	2
	2

	
	
	
	
	1
	3
	3

	
	
	
	2
	0
	4
	0

	
	
	
	
	1
	5
	1

	
	
	
	3
	0
	6
	2

	
	
	
	
	1
	7
	3

	
	
	
	…
	…
	…
	…



· Alt 3_step 2: Reference PO is the PO with PO_Index = 0 for the derivation of the PEI-O for the associated multiple paging occasions indicated by the PEI.
As description in Alt 3_step 2, UE can calculate PO_Index of the POs from network perspective. One example shown in Figure 6 with N=T, Ns=2 and PF_offset=0, the SFN for the Paging Frame from network perspective is 0, 1, 2, 3 … 2M, 2M+1…and the i_s of PO within a PF is 0 or 1. If one PEI indicates 4 POs (N1=4), the values of PO_Index calculated by UE circulate in the order of 0, 1, 2 and 3. Then, the UE determines the reference PO for the derivation of the PEI occasion from the reference time of PO_Index = 0.


Figure 6: An example of determining PEI time domain resource location by method 1
· Alt 3_step 3: Get PDCCH-based PEI time domain resource location based on reference PO.
UE could derive the resource of PDCCH-based PEI in time domain from the first monitor occasion of reference PO. As shown in Figure 6, the first PDCCH monitoring occasion of the PEI-O is determined by a time offset (PEI_offset) and the first monitor occasion of reference PO. The PEI_offset is the gap between PEI-O and reference PO, which could be signaled by SIB-X. Since the PEI would be QCL’d with a SSB in multi-beam cell with beam sweeping, the maximum gap between PDCCH-based PEI and target PO is the SSB period, e.g. 20ms.
Proposal 10: For Alt 3, the first PO indicated by one PEI is the reference time of PO with PO_Index=0.
Proposal 11: For Alt 3, the maximum time offset between PEI-O and reference time is the SSB periodicity. And the unit of the time offset is ms or slots.

In summary, the two options of Alt 1 and Alt 3 in this section can determine the PEI-O in time domain. And all of these solutions support 1 PEI for any value from 1 to the number of POs within multiple PFs.
Proposal 12: The PEI-O could be determined by 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
· 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.
· The reference time is the first MO of the first PO indicated by the PEI.

Bit fields of PDCCH-based PEI 
In RAN#93-e, it was agreed that the PDCCH-based PEI is based on new DCI format 2_7. The different bit field of PDCCH-based PEI should be configured to indicate different sub-groups corresponding to the associated PO(s). UE decodes the DCI and retrieves its subgroup indication and determines whether to detect the subsequent paging DCI. The design principle of new DCI format for PEI is that the DCI size should be limited to ensure the PEI detection performance without large aggregation level.
[bookmark: OLE_LINK102]When one PEI indicates multiple POs, the paging subgroups at each PO are mapped to a range of bits in PEI with the range of bits being the number of sub-groups of each PO. Therefore the PEI indicates sub-group in the form of bitmap with each bit associate with one paging subgroup. A UE needs to determine the corresponding bit field in the PEI and bit location within the corresponding bit field to receive the indication information. When the number of POs associated with one PEI is N1, the detailed procedure in determining the bit location in the new DCI format is in the following.
· Step 1: Calculate PO_Index of the PO monitored by a UE.
· The calculation of PO_Index of Alt 3 is given in Section 3.2.2. UE can determine its PO_Index based on the SFN_PF and i_s of its PO.
· The PO_Index of Alt 1 in Section 3.2.1 is derived in the following,
PO_Index = [(UE_ID mod N)*Ns +i_s] mod N1
Where:
· PO_Index is the paging occasion index of N1 Paging Occasions carried by one PEI for paging subgroup indication
· N is the number of total paging frames in the configured DRX cycle (T)
· Ns is the number of paging occasions in a Paging Frame
· i_s is the paging occasion index within a paging frame 
· N1 is the number of Paging Occasions associated with one PEI
· UE_ID is the UE_ID of a UE

· Step 2: Determine the corresponding bit field in the PDCCH-based PEI according to PO_Index.
The PDCCH-based PEI contains N1 bit fields corresponding to N1 POs. And the N1 bit fields are numbered from 0 to N1-1. Since the value range of PO_Index is 0 to N1-1, there is a mapping between PO_Index and the number of bit field, which is shown in Figure 7. If a UE determines its PO_Index, the corresponding bit field is determined. 


Figure 7: The bit fields design of PDCCH-based PEI
· Step 3: Determine the corresponding bit location within the corresponding bit filed.
The number of bits contained in each bit field of paging group in a PO is equal to the number of sub-groups of each PO. If there are G sub-groups per PO, the number of bits in the bit field of paging group is G. When a UE determines its bit field, the UE can determine the corresponding bit location according to its sub-group number, as shown in Figure 7. Assuming the sub-group number is g_i (g_i = 0,1,2,…,G-1), the corresponding bit location within its bit filed is g_i. 
In addition, the PEI_Index is the bit location in the new DCI format of PEI for a given UE ID as follows, 
PEI_Index = PO_Index* G + g_i.
Proposal 13: If one PEI indicates N1 POs and the number of sub-groups per PO is G, the new DCI format of PEI contains N1 groups of bit fields and each bit field of a paging group contains G bits.
Proposal 14: A UE determines the corresponding bit location in PDCCH-based PEI based on PO_Index, G and its sub-group number, where PO_Index is the index of PO within multiple POs, and G is the number of sub-groups per PO.

Search space for PEI
In RAN1#106bis-e, a dedicated search space for PEI was agreed. Configuration details and whether and how to reuse legacy search space sets are FFS, including pagingSearchSpace and searchSpaceSetZero. 
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]In the RAN1#106bis-e email discussion, some companies have concern on searchSpaceSetZero for transmitting PEI. a The concern is that the UE cannot receive PDCCH-based PEI before the reception of corresponding SSB since some search spaces transmitted before the associated SSB by searchSpaceSetZero, which would increase UE power consumption due to UE needs to wake-up with longer time. However, the number of SSBs required for the front-end processing in preparation of PEI decoding and paging DCI decoding is same. The searchSpaceSetZero is already used to transmit paging DCI in Rel-15 and should be used for PEI. Therefore, there is no need to limit that searchSpaceSetZero cannot be used for PEI transmission. The gNB has flexibility on peiSearchSpace configuration by setting SearchSpaceId. In addition, if searchSpaceSetZero is used, the first PDCCH monitoring occasion of PEI-O is configured by gNB, and the gNB has the flexibility to ensure the PEI-O behind the corresponding SSB by configuring the firstPDCCH-MonitoringOccasionOfPEI in Alt 1 and an appropriate time offset in Alt 3.
Proposal 15: Reusing searchSpaceSetZero and pagingSearchSpace for PDCCH-based PEI is supported.
Regarding the RNTI for PEI, new PEI-RNTI can be configured by higher layers for CRC scrambling. PDCCH-based PEI can be used to indicate multiple POs and sub-grouping, the DCI size for PEI should be enough to support these indications to increase the power saving gain. Considering the DCI size alignment, the PEI potentially conflict with paging DCI if same search space is used for them. Therefore, the PEI-RNTI should be applied to ensure the detection performance.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Proposal 16: A new RNTI is used to scramble the CRC of PDCCH-based PEI.

QCL for PEI
In RAN1#106bis-e, when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured, the PEI should be QCLed with the SSB. Whether to support unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured needs to be further discussed. The nrofPDCCH-MonitoringOccasionPerSSB-InPO is applied for unlicensed spectrum and is introduced in Rel-16, the PEI occasion should apply the principle of multiple occasions for paging DCI. It is not necessary to restrict the use of PEI in unlicensed spectrum.
Proposal 17: PDCCH-based PEI can apply the same principle of multiple occasions for paging DCI in unlicensed spectrum.

Considerations on TRS availability indicated by PDCCH-based PEI
Whether or not both paging DCI and PEI are supported for availability indication was heavily discussed in previous RAN1 meetings. So far, there is still no consensus in confirming the working assumption of supporting TRS availability indication in PEI at the configured occasion(s) to the Idle/Inactive UEs.
The working assumption is made in RAN1#106bis-e that the L1 based signaling of TRS availability indication is always enabled. If the L1 based signaling of TRS availability indication is indicated by PEI, the UE feature of TRS resource for IDLE/Inactive UE and availability indication would have the dependency to the feature of paging enhancement feature, which includes the support of PEI and paging subgrouping. The TRS availability indication bit needs to be included in both PEI and paging PDCCH since IDLE/Inactive UE does not report its UE capability of the support of paging enhancement PEI to the network. In addition, the additional bit(s) of TRS availability indication included in the PEI would degrade the PEI detection performance. TRS availability indication included in the PDCCH-based PEI has the potential of deteriorate the UE power saving gain when the PEI detection performance is degraded. 
TRS/CSI-RS resource would be achieved when TRS/CSI-RS resource is persistently available. The configuration of TRS/CSI-RS resource should be a steady resource configuration to be used by CONNECTED mode UEs for channel tracking and beam management when UE is under the coverage of a given beam. The TRS/CSI-RS resource would be configured persistently as long as there are UEs under the beam coverage. The same TRS/CSI-RS resource would be used by IDLE/Inactive UEs for channel tracking and achieving UE power saving gain. Thus, the TRS/CSI-RS resource configured for IDLE/Inactive UEs would be persistently present and shared with CONNECTED mode UEs without dynamic ON/OFF. TRS availability should not change frequently by L1 based signaling to achieve the power saving gain. The detailed analysis on TRS availability indication is given in [5].
Proposal 18: TRS availability indication should not be carried in PDCCH-based PEI.

Conclusion 
In this contribution, paging enhancement in RRC_IDLE/Inactive mode is discussed and analyzed. Based on discussion, we have the following observations and proposals: 
Proposal 1: Three SSBs are needed for the UE to perform coherent detection of PDCCH-based PEI before PO.
Proposal 2: Support one PDCCH-based PEI for POs across multiple PFs.
Proposal 3: The maximum number of total bits for paging indication field in PDCCH-based PEI is 40.
Proposal 4: The POs cross PF associated with one PEI should be supported with maximum number of POs associated with one PEI being 8.
Proposal 5: The standard specification should support any number of POs associated with one PEI and any number of paging subgroups within a PO for the flexibility of network configuration.
Proposal 6: Short messages are not supported by PDCCH-based PEI.
Proposal 7: For the frame-level offset in Alt 1, the unit is radio frame level and the range of the frame-level offset is 0~1.
Proposal 8: The unit and range of the configuration for the first PDCCH monitoring occasion in Alt 1 can use the unit and range of firstPDCCH-MonitoringOccasionOfPO as the reference.
Proposal 9: For determining the first PDCCH monitoring occasion of the PEI-O in Alt 3, the reference time is the first MO of the first PO indicated by the PEI.
Proposal 10: For Alt 3, the first PO indicated by one PEI is the reference time of PO with PO_Index=0.
Proposal 11: For Alt 3, the maximum time offset between PEI-O and reference time is the SSB periodicity. And the unit of the time offset is ms or slots.
Proposal 12: The PEI-O could be determined by 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
· 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.
· The reference time is the first MO of the first PO indicated by the PEI.
Proposal 13: If one PEI indicates N1 POs and the number of sub-groups per PO is G, the new DCI format of PEI contains N1 groups of bit fields and each bit field of a paging group contains G bits.
Proposal 14: A UE determines the corresponding bit location in PDCCH-based PEI based on PO_Index, G and its sub-group number, where PO_Index is the index of PO within multiple POs, and G is the number of sub-groups per PO.
Proposal 15: Reusing searchSpaceSetZero and pagingSearchSpace for PDCCH-based PEI is supported.
Proposal 16: A new RNTI is used to scramble the CRC of PDCCH-based PEI.
Proposal 17: PDCCH-based PEI can apply the same principle of multiple occasions for paging DCI in unlicensed spectrum.
Proposal 18: TRS availability indication should not be carried in PDCCH-based PEI.
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