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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID identified potential paging enhancements as one of the major areas for RAN1 work [1].

	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100-2 meeting
…


In this paper, we discuss the remaining issues of paging early indication (PEI) design and propose solutions.
Paging early indication design
Three candidate designs were discussed for PEI including the PDCCH, SSS and TRS/CSI-RS based designs. During the RAN1 #106-e meeting, the TRS/CSI-RS based solution was removed by the following conclusion [2].
	Conclusion
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e,
· PDCCH-based PEI
· SSS-based PEI



During the RAN# 93-e meeting, PDCCH-base PEI was selected for continuous discussion [3].
	Conclusion for Issue 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 


 
The remaining issues of PEI design are captured in [4] and [5]. In this paper, we will further analyze these issues and propose our solutions.
Subgroup indication with PEI
For subgroup indication with PEI, the following agreements were made previously (only PDCCH-based PEI related part is cited here) to at least support bitmap-based UE subgroup indication [6]. The remaining FFS is about whether and how code-point based mapping is used to indicate UE’s subgroup. The code-point based design can be similar to the NB-IoT WUS sequence which has one sequence indicating each UE subgroup and a common sequence indicating more than one UE subgroup is paged. For codepoint based PDCCH-based PEI, one codepoint value of the DCI payload can be used to indicate each UE subgroup and a common codepoint value can be used to indicate more than one UE subgroup is paged.
	Agreement:
For paging indication to the subgroups in a PO,
· For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
· One bit in the DCI payload indicating one UE subgroup is supported 
· FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
· …
Note: It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span



The intent of codepoint based UE subgroup indication is to mimic sequence-based PEI with a PDCCH signaling. This allows the UE to benefit from the wakeup receiver architecture for power saving. We believe that if wakeup receiver needs to be discussed in future releases (i.e., Rel-18), the WUS/PEI design enabling the receiver architecture should be carefully studied based on a true sequence. For this, we propose to not design codepoint based subgroup indication in Rel-17 PEI design. This is also aligned with the RAN conclusion that only essential function of PEI is supported for Rel-17.  
[bookmark: p1]Proposal 1: For PDCCH-based PEI, code-point based UE subgroup mapping is not supported.

PDCCH configuration
For the PDCCH-based PEI, the basic configuration includes CORESET, search space set, DCI size and RNTI. For idle/inactive mode, it is natural to use the CORESET #0 for the PDCCH-based PEI monitoring. The search space set configuration for paging PDCCH can be reused. To avoid ambiguity between the PEI PDCCH and the paging PDCCH, network can either use different DCI sizes or different RNTIs for the two PDCCHs. Since at most 8 UE subgroups is configured, the DCI size of PEI PDCCH can be quite small so that it is always smaller than that of the paging PDCCH. Then the two PDCCHs can be distinguished based on different DCI sizes.
[bookmark: p2]Proposal 2: For PDCCH-based PEI, the PDCCH configuration is based on the CORESET #0, pagingSearchSpace and the P-RNTI. DCI size of PEI PDCCH is smaller than that of the paging PDCCH.

The PEI location should take into account two aspects: UE power consumption and application delay of PEI PDCCH decoding. Consider that at least one SSB is processed for each DRX cycle by the UE, it is preferable to place the PEI close to this SSB. This allows the UE to only wake up once to receive both the SSB and the PEI to save power from additional transition between sleep and awake modes. 
[bookmark: o1]Observation 1: Aligning SSB and PEI location allows UE to wake up only once to receive both the SSB and the PEI and can save UE power.

[bookmark: p3]Proposal 3: To determine the PEI location, reference time of the PEI is based on SSB and the UE monitors PEI within a window after the associated SSB of the first SSB burst before the PO. Network configures the time offset between the associated SSB and start of the PEI monitoring window and duration for the window. 


Figure 1: PEI location aligned with SSB

On the one hand, PDCCH-based PEI has a smaller DCI size than the paging PDCCH. On the other hand, there is higher missed detection rate requirement for the PEI PDCCH than that of the paging PDCCH. Because of these, network may configure different aggregation levels and numbers of repetitions for the two PDCCHs. Regarding beamformed transmission, PDCCH-based PEI can follow the beam sweeping pattern based on the paging PDCCH design given that PDCCH-based PEI share the pagingSearchSpace with the paging PDCCH [7].
[bookmark: p4]Proposal 4: Network separately configures aggregation level and repetition number of PEI occasions for the PDCCH-based PEI. Beam sweeping pattern of PEI follows the same rule as that for the paging PDCCH.


Figure 2: Beamformed PEI occasions

Knowing the transmit power of the PEI allows the UE to use the same AGC that is trained to process SSBs and PO to receive the PEI. This avoids the UE blindly detecting the transmit power of the PEI. 
[bookmark: p5]Proposal 5: Transmit power of the PEI is configured based on a power offset to the SSS in the PEI configuration.

TRS availability indication
In the RAN #93 meeting, it was concluded that 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. Based on our analyses, the indication information should be identical for the paging DCI and the PEI DCI if the UE only supports idle/inactive TRS but not the PEI. In the following figure (a blue box represents a transmitted TRS, a grey box represents a configured TRS that is not transmitted), we assume that the availability information of the configured TRS changes at most once around the PEI and PO. This is a valid assumption because the TRS is configured to connected mode UE(s) and whether the connected mode UE needs TRS should not change very rapidly. 
If the PEI and paging PDCCH can indicate different availability information of the configured TRS (i.e., case 2 and 4), the UE that supports PEI has to always decode both the PEI and the paging PDCCH. This wastes the UE power.
[bookmark: o2]Observation 2: Allowing PEI and paging PDCCH to carry different availability information forces the UE that supports PEI to always decode the paging PDCCH.

For case 1 in the following figure, when the available TRS is indicated to become unavailable, a UE that does not support PEI based TRS availability indication will use noise samples to update its tracking loops before the TRS availability in paging PDCCH is received.  To avoid this issue, both PEI based availability indication and paging PDCCH based availability indication should become effective at the same time.
[bookmark: p6]Proposal 6: PEI and paging PDCCH carry the same availability information before the TRS availability indication in both signaling take effect and both take effect at the same time.



Figure 3: TRS availability indication

Conclusions
In this paper, we discussed idle/inactive UE paging enhancement techniques for NR Rel-17 power saving. We made the following observations and proposals
Observation 1: Aligning SSB and PEI location allows UE to wake up only once to receive both the SSB and the PEI and can save UE power.
Observation 2: Allowing PEI and paging PDCCH to carry different availability information forces the UE that supports PEI to always decode the paging PDCCH.

Proposal 1: For PDCCH-based PEI, code-point based UE subgroup mapping is not supported.
Proposal 2: For PDCCH-based PEI, the PDCCH configuration is based on the CORESET #0, pagingSearchSpace and the P-RNTI. DCI size of PEI PDCCH is smaller than that of the paging PDCCH.
Proposal 3: To determine the PEI location, reference time of the PEI is based on SSB and the UE monitors PEI within a window after the associated SSB of the first SSB burst before the PO. Network configures the time offset between the associated SSB and start of the PEI monitoring window and duration for the window. 
Proposal 4: Network separately configures aggregation level and repetition number of PEI occasions for the PDCCH-based PEI. Beam sweeping pattern of PEI follows the same rule as that for the paging PDCCH.
Proposal 5: Transmit power of the PEI is configured based on a power offset to the SSS in the PEI configuration.
Proposal 6: PEI and paging PDCCH carry the same availability information before the TRS availability indication in both signaling take effect and both take effect at the same time.
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