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1 [bookmark: _Ref40465791]Introduction
In the RAN1 #102e meeting, the candidate solutions for potential paging enhancements were agreed in following [1]:
Agreements: (RAN1#102e)
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded

In the RAN1#103e meeting, the paging early indication (PEI) was agreed to be supported in following [2]:
Agreements: (RAN1#103e)
For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS

Starting from these, this contribution provides our views on the paging enhancement for Rel.17 UE power saving.

2 Paging enhancement

1 
2 
Paging Early Indication (PEI)

DCI or sequence-based
Before going into the detailed physical layer design for PEI, RAN1 needs to achieve consensus on the selection of the candidates among DCI-based, SSS-based or TRS/CSI-RS based solutions.
For better overview and comparison of the candidate solutions, Table.1 provides the analysis on the aspects that need to be considered in the detailed design and the pros/cons comparison.

Table.1 Overview and comparison of the candidate solutions for PEI design
	Overview and comparison of the candidate solutions
	DCI-based
	SSS-based
	TRS/CSI-RS based

	Potential Specification efforts 
	Large:
· Potential new DCI format, RNTI design
· Resource configuration / allocation (SS and CORESET)

	Small/Medium
· Sequence to w/ and w/o paging mapping. 
· Resource configuration
	Small/Medium
· Sequence to w/ and w/o paging mapping. 
· Resource configuration

	Overhead
	Depends on the reserved CORESET size and actually used AL
	Small/Medium
· Assume the structure of legacy SSS (length 127) is used
	Small/Medium
· Depends on the supported/configured RS pattern and bandwidth

	Receiver complexity
	Low/Medium
· Depends on the BD and CCE number
· Channel estimation is needed

	Low
· No channel estimation and channel decoding
· Just sequence correlation/energy detection
	Low
· No channel estimation and channel decoding
· Just sequence correlation / energy detection

	Flexibility and forward compatibility
	High
· More information bits are allowed in the DCI field design
· May add more bits in the future if needed
	Low
· Information bits are modulated by resource mapping and/or sequence.
· Not friendly for large number of information bits
	Low/Medium
· Information bits are modulated by resource mapping and/or sequence.
· Currently supported CSI-RS configurations/patterns may be used to modulate information bits 
· Not friendly for large number of information bits


As briefly analyzed in the Table.1, DCI-based method provides highest flexibility on supporting more information bits and forward compatibility if anything new needs to be introduced in the future. Along with the flexibility, the specification impact would be larger, considering new DCI format monitored in INACTIVE/IDLE mode needs to be defined. However, in the context of PEI design discussion, the potential information bits may be indication of whether to receive paging and then possibly subgrouping indication. The number of total information bits would be small. It is unlike the case for DCI format 2_6, which supports multiple blocks for different UEs and SCell dormancy indication. Therefore, in our understanding, small information bits encoded together with 24 CRC parity bits would not be so efficient.
On the other hand, as shown in the Table.1, with likely less specification efforts, lower receiver complexity, the sequence-based solution is more suitable for indication with small bits number. The overhead can also be managed within a low level. 
Between SSS and TRS/CSI-RS based solutions, TRS/CSI-RS based solution may provide better flexibility, as the currently supported CSI-RS resource mapping framework already possesses quite good variations, which is beneficial to provide better flexibility to modulate/carry more information bits than using SSS-based solution. Therefore, our view is TRS/CSI-RS based solution is more preferable.
Proposal 1: TRS/CSI-RS based PEI should be supported for Rel.17 UE power saving enhancement.

QCL reference for the (RS-based) PEI
To facilitate the TRS/CSI-RS based PEI detection, the transmission power of the PEI is necessary to be informed to UE, especially if ON/OFF like switching is used for paging early indication. The reference can be the transmission power of SSB or the TRS/CSI-RS for time/frequency tracking under AI 8.7.1.2. If the gNB transmits the PEI with a certain SSB index, the QCL with SSB and/or TRS/CSI-RS for time/frequency tracking can also be configured. Considering the TRS/CSI-RS for time/frequency tracking is not always available, the QCL and transmission gap with SSB should at least be considered.
Proposal 2: For PEI, the QCL and transmission gap with SSB and/or TRS/CSI-RS for time/frequency tracking under AI 8.7.1.2 should be informed to UE.

UE default behavior in case of miss detection
Similar with Rel.16 WUS (DCI format 2_6), it needs clear definition on UE default behavior when PEI is not detected.
If the UE default behavior is UE may not continue monitoring paging, network can save some power and resource overhead by not transmitting PEI if it does not page a UE supporting Rel.17 PEI. But a higher reliability is needed as miss detection means UE does not monitor paging.
If the UE default behavior is UE continues monitoring paging, the UE power saving gain is only available when the network transmits PEI even when no UE is paged. The system overhead is larger for this option to achieve the UE power saving because the majority of the case is no UE is paged. But the PEI miss detection reliability can be more relaxed.
In Rel.16, for the case that DCI format 2_6 is not detected, the solution is that UE behavior is controlled by RRC parameter ps-WakeupOrNot. If it is not configured, the UE  misdetection case behaviour is that UE is not required to start drx-onDurationTimer. This RRC configuration allows the network can choose the trade-off among UE power saving gain, DCI format 2_6 reliability and the network overhead.
Different from the background of DCI format 2_6, UE needs to monitor the PEI during INACTIVE/IDLE mode. This means the reception of the signals/channels has to be confined within the BWP#0, i.e. bandwidth of CORESET#0, which is the same for Msg2, Msg4, paging and SI reception. So the system overhead in this context would be more important to avoid resource congestion. 
Therefore, we prefer to define UE default behavior as UE may not continue monitoring paging when UE does not detect PEI, as it can save some system overhead as explained above.
However, when UE is uncertain about SIB configuration of PEI e.g. during the SI modification period or before to obtain the SIB related to PEI, the UE behavior should be discussed separately. Now PEI is supported for INACTIVE/IDLE mode, the related configuration must be contained in SIB. The TRS/CSI-RS for time/frequency tracking in AI 8.7.1.2 is also agreed to be configured by SIB signaling. Hence, when UE is within SI modification period, it is possible that the reception of the TRS/CSI-RS for time/frequency tracking is not reliable or the previous configuration of PEI is not reliable. In this case, it is possible that gNB has actually transmitted PEI but UE fails to detect it. Thus more reasonable UE behavior would be to continue monitoring paging PDCCH. Besides, the availability of TRS/CSI-RS for tracking should also be taken into account for UE to evaluation whether current reception of PEI is reliable or not.
Proposal 3: When UE is certain about the SIB configuration of PEI, if UE does not detect PEI, UE is not required to continue monitoring paging PDCCH in the PO after PEI.
Proposal 4: When UE is not certain about the SIB configuration of PEI, e.g.SI modification period or before obtaining SIB configuration related to PEI, and TRS/CSI-RS for time/frequency tracking availability status, UE should continue monitoring paging PDCCH in the PO after PEI.

Sub-grouping for paging

As shown by the agreed observation in RAN#103e, UE sub-grouping indication carried in paging early indication can provide power saving gains with regard to Rel.16. Therefore, we support to introduce sub-grouping for paging in Rel.17.
The sub-grouping index could be associated with UE ID and the PEI (TRS/CSI-RS based) time/frequency domain resource and used sequence. All such information can be configured in SIB.
Proposal 5: Sub-grouping information could be carried in the PEI, which is associated with UE ID.
After UE detects PEI and checks whether it belongs to the sub-group intended for paging, UE may choose to continue or stop the paging monitoring procedure in this paging cycle. One may argue that the RS-based sub-grouping indication is not flexible enough to accurately point to the paged UE. It is true that RS-based design is not friendly to support relatively large sub-group numbers in case the UE load is high in a PO. In this case, the further more dedicated sub-grouping information can be indicated by paging DCI. When PEI is not configured by the network, this operation also allows sub-grouping gain of the power reduction.
Proposal 6: Sub-grouping information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping indication is achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 

3 Conclusion
In this contribution, view on paging enhancement schemes for Rel.17 UE power saving enhancement are provided. The following conclusions are highlighted:
Proposal 1: TRS/CSI-RS based PEI should be supported for Rel.17 UE power saving enhancement.
Proposal 2: For PEI, the QCL and transmission gap with SSB and/or TRS/CSI-RS for time/frequency tracking under AI 8.7.1.2 should be informed to UE.
Proposal 3: When UE is certain about the SIB configuration of PEI, if UE does not detect PEI, UE is not required to continue monitoring paging PDCCH in the PO after PEI.
Proposal 4: When UE is not certain about the SIB configuration of PEI, e.g.SI modification period or before obtaining SIB configuration related to PEI, and TRS/CSI-RS for time/frequency tracking availability status, UE should continue monitoring paging PDCCH in the PO after PEI.
Proposal 5: Sub-grouping information could be carried in the PEI, which is associated with UE ID.
Proposal 6: Sub-grouping information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping indication is achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 
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