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Introduction
In RAN#93-e, there agree guidance for PEI selection and design directions [1]:
	· 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 



In the following sections, proposals on the design details for the first three sub-bullets will provided and discussed.


Design of New DCI Format
Relating the DCI format, the following two agreements [2] define the baseline content of the new DCI format for PEI:

[bookmark: _Ref84042720]Proposal 1: For PEI, a new DCI format is supported to include at least paging indications to UE subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO 
· P-RNTI is utilized for CRC scrambling

	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


	Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO




A related topic for subgroups indication is whether and how to provide the indication when PEI is not configured. From RAN1 observations, also included in RAN1 LS to RAN2 [3], power saving gain is very limited if UE subgroups indication is carried in paging PDCCH within a PO. Given that UE subgroups indication in paging PDCCH requires occupation of certain amount of reserve bits (up to 8 bits), it is thus suggested UE subgroups indication is only carried in PEI to minimize the specification impact:

[bookmark: _Ref84042797]Proposal 2:  Paging indication to UE subgroups is only carried by PEI in physical layer

	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception

	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception




Search Space Configuration for PEI
A search space set configuration provides information of PDCCH monitoring occasions (MOs). For PDCCH-based PEI, a dedicated search space set configuration can be defined to provide the information of candidate PEI MOs. How UE determines the specific burst of PEI MOs for its target PO will be further discussed in Section 4. 

[bookmark: _Ref84042876]Proposal 3: A dedicated search space configuration for PEI, i.e., pagingEarlyIndSearchSpace, is supported

Similar to pagingSearchSpace, SearchSpaceId of pagingEarlyIndSearchSpace should be allowed to be 0 so as to share CORESET#0 occasions for beam-formed transmission associating SSBs as well as coexistence with legacy UEs (Note: R15 UEs is only mandated to support CORESET#0 and one additional dedicated CORESET). Yet, the case with non-zero SearchSpaceId can also be accommodated as will be detailed in Section 4.

[bookmark: _Ref84042897]Proposal 4: When SearchSpaceId = 0 is configured for pagingEarlyIndSearchSpace, the candidate PEI monitoring occasions are same as for RMSI as defined in clause 13 in TS 38.213

In addition to provide the information of candidate PEI MOs, PEI search space configuration can also be used for providing the following information:

[bookmark: _Ref84042964]Proposal 5: The following restrictions apply to pagingEarlyIndSearchSpace:
· Association with only PEI DCI format
· Up to two ALs
· Dedicated DMRS scrambling ID


It is noticed that the dedicated DMRS scrambling ID can help Rel-17 UE to distinguish PEI when multiplexing with legacy PDCCH. This provides additional flexibility for UE to check DMRS and reduce unnecessary PDCCH decoding. Supporting multiple ALs is to allow network to adjusting the range of PEI (similar to fallback DCI but the compact PEI DCI format can have different AL setting).
Determination of PEI MOs before PO
Given the candidate PEI MOs are provided by pagingEarlyIndSearchSpace, UE can further determine the specific burst of PEI MOs for its target PO with analogous design as in clause 7 in TS 38.304:

[bookmark: _Ref84042998]Proposal 6: For an associated PO, the burst of PEI MOs is a set of PDCCH monitoring occasions associated with the transmitted SSBs. The burst of PEI MOs starts no early from the PF of PEI_offset radio frame(s) before the PF of the PO
· PEI_offset  with unit of T/N radio frame(s), where T and N are defined in clause 7 in TS 38.304


[bookmark: _Ref84043080]Proposal 7: When SearchSpaceId = 0 is configured for pagingEarlyIndSearchSpace, Ns should be either 1 or 2

[bookmark: _Ref84043098]Proposal 8: When SearchSpaceId other than 0 is configured for pagingEarlyIndSearchSpace, a burst of PEI MOs is a set of S consecutive PDCCH monitoring occasions where S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for the burst of PEI MOs corresponds to the Kth transmitted SSB, where K=1,2,…,S. The PDCCH monitoring occasions for PEI which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion in the PF of PEI_offset radio frame(s) before the PF of the PO. 

[bookmark: _Ref84043129]Proposal 9: New RRC parameter firstPDCCH-MonitoringOccasionOfPEI, analogous to firstPDCCH-MonitoringOccasionOfPO, is defined as below:
	    firstPDCCH-MonitoringOccasionOfPEI   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



[bookmark: _Ref84043174]Proposal 10: The starting PDCCH monitoring occasion number for the burst of PEI MOs associated with (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPEI parameter
· Note: Value of the firstPDCCH-MonitoringOccasionOfPEI parameter is in the range [0, (total number of OFDM symbols in T/N radio frames) – 1]

By the above, the target burst of PEI MOs can be determined with configured PEI_offset and firstPDCCH-MonitoringOccasionOfPEI, which provides the best flexibility for network. On the other hand, the configuration should ensure a proper minimum time gap between the burst of PEI MOs and the associated PO.

From the power saving observation captured in [2], there can achieve larger power saving gain if UE can detect PEI with only coarse synchronization, assuming fine synchronization with sufficient SSBs between PEI and PO can be ensured when UE is paged. In this regard, it is proposed the minimum time gap between the burst of PEI MOs and PO should at least accommodate 2 SS bursts for sufficient synchronization resource.

[bookmark: _Ref84043205]Observation 1: Larger UE power saving gain can be realized with PEI if UE can detect PEI with only coarse synchronization, assuming fine synchronization with sufficient SSBs between PEI and PO can be guaranteed when UE is paged

[bookmark: _Ref84043292]Proposal 11: UE does not expect the time gap between the burst of PEI MOs and PO is smaller than a minimum time gap. The minimum time gap should be at least 50 ms
· This ensures at least 2 SS bursts can be utilized for fine synchronization before PO, allowing only coarse synchronization is performed before PEI detection

[bookmark: _Ref68686484]Summary
In this contribution, detail details per RAN#93-e guidance are provided. In particular, we have the following proposals:

Proposal 1: For PEI, a new DCI format is supported to include at least paging indications to UE subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO 
· P-RNTI is utilized for CRC scrambling

	Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.


	Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
1. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO





Proposal 2:  Paging indication to UE subgroups is only carried by PEI in physical layer

	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception

	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception




Proposal 3: A dedicated search space configuration for PEI, i.e., pagingEarlyIndSearchSpace, is supported


Proposal 4: When SearchSpaceId = 0 is configured for pagingEarlyIndSearchSpace, the candidate PEI monitoring occasions are same as for RMSI as defined in clause 13 in TS 38.213


Proposal 5: The following restrictions apply to pagingEarlyIndSearchSpace:
· Association with only PEI DCI format
· Up to two ALs
· Dedicated DMRS scrambling ID


Proposal 6: For an associated PO, the burst of PEI MOs is a set of PDCCH monitoring occasions associated with the transmitted SSBs. The burst of PEI MOs starts no early from the PF of PEI_offset radio frame(s) before the PF of the PO
· PEI_offset  with unit of T/N radio frame(s), where T and N are defined in clause 7 in TS 38.304

Proposal 7: When SearchSpaceId = 0 is configured for pagingEarlyIndSearchSpace, Ns should be either 1 or 2


Proposal 8: When SearchSpaceId other than 0 is configured for pagingEarlyIndSearchSpace, a burst of PEI MOs is a set of S consecutive PDCCH monitoring occasions where S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for the burst of PEI MOs corresponds to the Kth transmitted SSB, where K=1,2,…,S. The PDCCH monitoring occasions for PEI which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion in the PF of PEI_offset radio frame(s) before the PF of the PO.


Proposal 9: New RRC parameter firstPDCCH-MonitoringOccasionOfPEI, analogous to firstPDCCH-MonitoringOccasionOfPO, is defined as below:

	    firstPDCCH-MonitoringOccasionOfPEI   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




Proposal 10: The starting PDCCH monitoring occasion number for the burst of PEI MOs associated with (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPEI parameter
· Note: Value of the firstPDCCH-MonitoringOccasionOfPEI parameter is in the range [0, (total number of OFDM symbols in T/N radio frames) – 1]


Observation 1: Larger UE power saving gain can be realized with PEI if UE can detect PEI with only coarse synchronization, assuming fine synchronization with sufficient SSBs between PEI and PO can be guaranteed when UE is paged


[bookmark: _GoBack]Proposal 11: UE does not expect the time gap between the burst of PEI MOs and PO is smaller than a minimum time gap. The minimum time gap should be at least 50 ms
· This ensures at least 2 SS bursts can be utilized for fine synchronization before PO, allowing only coarse synchronization is performed before PEI detection
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