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Introduction
In this contribution we address remaining aspects of paging enhancements for UE idle mode power consumption reduction.
Discussion 
In this paper, 3GPP TR 38.840 [1] is used as the source for UE power consumption model with adjustments agreed in RAN1#102-e (power scaling to 20MHz). Furthermore, the conclusions from RAN meeting #93-e [2] and agreements from RAN1#107-e [3] are used as the source for design of PDCCH-based PEI.
PDCCH based Paging early indication (PEI) design
In RAN#93-e, following conclusion was made, 
Conclusion
· 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 

also, at RAN1#107-e meeting, the following agreements were made 
Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.

Agreement
For PEI DCI format, defined as DCI format 2_7,
· Total number of bits for paging indication filed is POnumPerPEI, if  is absent or set to 0 or 1, and the number is , if  is configured.
· For Rel-17, UE does not expect paging indication filed size is larger than the DCI payload size
· Whether and how TRS availability indication field is included is up to Agenda Item 8.7.1.2
· Support configurable DCI payload size which should be no larger than payload size of paging DCI
· Unused bits, when applicable, are regarded as reserved bits
· Note: A smaller payload size is beneficial for PEI detection performance

and here, we discuss remaining open issues and further aspects relevant for finalizing the design of a PDCCH-based PEI. 
According to the agreements above, PEI shall support configurable size up to the size of paging DCI. A PEI with a small payload is not only beneficial for a UE’s detection performance, but also beneficial for the NW’s power consumption and resource utilization if a proper design is made for PEI. From the NW point of view, a small payload in PEI up to number of available reserved bits in paging PDCCH (currently 6 bits reserved in DCI1_0 with CRC scrambled with P-RNTI + 5 reserved bits in short message) enables the NW to multiplex the PEI on top of other UEs’ paging DCI transmission. This is possible if same the RNTI is configured for scrambling PEI and paging and that the PEI payload position is flexible. As such the NW avoids extra PEI-related PDCCH transmissions when the PEI and a PO’s occasions coincide. This is an important aspect from NW power consumption and system capacity point of view. In other words, in existing PDCCH transmissions associated with a certain UEs PO, the NW can multiplex transmission of PEI relevant for another UE’s PO. This is exemplified in Figure 1.


[bookmark: _Ref90976207]Figure 1: Shows UE2’s timeline with respect to PEI and PO. The PEI for UE2 is multiplexed on UE1’s PO PDCCH. None of the UEs are aware of the multiplexing, however from NW perspective the same resources and occasion is used for transmitting PDCCH PO for UE1 and PDCCH PEI for UE2.
To enable such design, it is necessary to have a configurable PEI RNTI and flexible payload position, as for connected WUS. We believe that this approach should not introduce extra complexity for the UEs and do not see a strong reason for a predefined RNTI and fixed payload position considering the benefits it would provide. The UE would then detect presence of PEI addressed for it using CRC masked by the configured RNTI. A flexible PEI DCI framework allowing for dynamic payload location configuration also enables a futureproof solution in case more payload is added later on. One concern regarding configured RNTI was increase in SI overhead. This can be addressed by specifying a default RNTI value to use in absence of configured RNTI, and leave it up to NW implementation whether the overhead is tolerable. At the very least, if fully configurable RNTI is not agreeable, there should be an option to either use P-RNTI or PEI-RNTI for PEI CRC scrambling; for example, by an indicator in SIB saying whether P-RNTI is used for PEI. 
1. [bookmark: _Toc92802858]Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signalling overhead and NW power consumption.
1. [bookmark: _Toc92802859]Reusing a predefined RNTI for PEI detection and a fixed payload position limits the possibility to multiplex PDCCH PEI on top of a PDCCH PO.
1. [bookmark: _Toc92802860]Compared to a predefined RNTI, a configurable RNTI for PEI and configurable payload position does not introduce considerable complexity for the UEs.
1. [bookmark: _Toc92802862]PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.
1. [bookmark: _Toc92802863]For the PEI DCI, the RNTI used for CRC masking is configured via higher layers. 
1. [bookmark: _Toc92802864]If full configurability is not agreeable, it should at least be possible to configure the UE with either the P-RNTI or PEI-RNTI for PEI CRC scrambling.
1. [bookmark: _Toc92802865]PEI design should allow configurable start position of the payload, bits before this starting point are treated as reserved bits by the UE.
1. [bookmark: _Toc7813649][bookmark: _Toc92802866]The locations (start position) of the following information elements within the PEI DCI is configurable via higher layer broadcast configuration:
- Start of paging indication field (S1), 0≤S1 ≤42
- Start of TRS availability indication field (S2), 0≤S2 ≤42

As agreed during the previous meetings, UEs may, depending on SNR level, need up to 3 SSBs prior to PO PDSCH for proper reception of the paging PDSCH message.  From the UE power consumption perspective, given the average 10% paging rate scenario, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO. 
1. [bookmark: _Toc92802861]From the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.

During the 10% of the time where the UE receives a PO PDSCH, the UE receiver activity of different PEI monitoring occasions/window sizes and different offsets to adjacent SSB are outlined in two examples of Figure 2. As summarized in Figure 3, the power consumption effect of different PEI locations and monitoring occasions are quite negligible.
[image: ]
[bookmark: _Ref91072875]Figure 2: Depicts UE’s timelines for UE in low SNR in need of 3 SSBs prior to PO PDSCH decoding. Top sub-figure depicts the legacy (reference) case without PEI. The middle sub-figure depicts PEI transmission occasion window of 1 slot, 4ms after its adjacent SSB and the bottom sub-figure depicts a single symbol PEI duration 1ms after its adjacent SSB.
[image: ]
[bookmark: _Ref61431690]Figure 3: Shows the UE power profile for the three cases depicted in Figure 3 (same color-coding).

Therefore, considering the flexibility it brings for the NW, PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission. It is however understood that the closer the PEI transmission is to an SSB transmission, the more beneficial it is from a UE’s power consumption perspective (as already noted in the agreement from RAN1#107b-e). 
1. [bookmark: _Toc92802867]PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.

Two remaining open issues from previous meeting were related to the range of frame- and symbol level offsets to the reference paging frame (PF). The SNR levels for specific UEs are not known to gNB in idle mode. However, the NW may use knowledge of expected cell edge SNR levels of various deployments for configuring a suitable offset between PEI and corresponding PF. Based on the agreements from previous meetings, UEs may need up to 3 SSBs depending on SNR levels for proper PDSCH reception.  Even though the periodicity of SSB can be up to 160ms, the 20ms periodicity is the typical configuration used by the NW and assumed by the UEs for initial access. Therefore, we think that 6-8 frames (3-4*20ms) is reasonable as range for PEI-F_offset if 20ms SSB periodicity is assumed, see Figure 4.



[bookmark: _Ref91079515]Figure 4: Example with one-to-many PEI-PO configuration where 4 frames are enough (configured) as frame offset (PEI-F_offset) for providing possibility for UEs in poor coverage to capture 3 SSBs, provided that SSB periodicity is 20ms. Depending on PO Vs. SSB occasions, up to 6 frames may be necessary.
1. [bookmark: _Toc92460496][bookmark: _Toc92733188][bookmark: _Toc92802868]The range of the frame-level offset (PEI-F-offset) is up to 8 frames.

When it comes to the range of symbol level offset (firstPDCCH-MonitoringOccasionOfPEI-O) we think having a range that covers up to one frame is enough. Larger offsets, if necessary, can be achieved by proper configuration of PEI-F_offset. Depending on numerology, the number of symbols within a frame can be 140…1120 symbols. Like firstPDCCH-MonitoringOccasionOfPO, different IEs can be defined to address different SCSes.    
1. [bookmark: _Toc92802869]The range of the symbol-level offset (firstPDCCH-MonitoringOccasionOfPEI-O) is up to 1119 symbols.

In last RAN2 meeting (RAN2#116-e), there were discussions related to whether and how PEI is applicable to eDRX when Paging Transmission Window (PTW) is configured [3]:

RAN2 #116-e Meeting
As a baseline RAN2 has a preference to support PEI with both DRX and eDRX, but potential issues (e.g. PEI and PTW) are FFS.

From RAN1 perspective, we do not see need for special handling of PEI when PTW is configured. In our opinion, the UE wakes up at configured PTW during which PEI is applicable to the POs within.
1. [bookmark: _Toc92802870]No special handling is introduced for PEI when eDRX PTW is configured (if eDRX PTW is supported). The UE wakes up at configured PTW during which PEI is applicable to the POs within.

[bookmark: _Toc61364570][bookmark: _Toc61364582][bookmark: _Hlk83889356][bookmark: _Hlk83889312]
Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 

Observation 1	Use of reserved bits in paging DCI (as a PDCCH-PEI) in one PO as paging early indication for UEs in one or more groups in other POs can further reduce PEI signalling overhead and NW power consumption.
Observation 2	Reusing a predefined RNTI for PEI detection and a fixed payload position limits the possibility to multiplex PDCCH PEI on top of a PDCCH PO.
Observation 3	Compared to a predefined RNTI, a configurable RNTI for PEI and configurable payload position does not introduce considerable complexity for the UEs.
Observation 4	From the UE power consumption perspective, at average 10% paging rate, the UE can at 90% of the time in idle mode immediately go back to deep sleep after PEI decoding regardless of PEI location with respect to PO.
[bookmark: _Hlk83889439]
Proposal 1	PEI design should allow the use of reserved bits in paging DCI in one PO as paging early indication for UEs in one or more groups in other POs.
Proposal 2	For the PEI DCI, the RNTI used for CRC masking is configured via higher layers.
Proposal 3	If full configurability is not agreeable, it should at least be possible to configure the UE with either the P-RNTI or PEI-RNTI for PEI CRC scrambling.
Proposal 4	PEI design should allow configurable start position of the payload, bits before this starting point are treated as reserved bits by the UE.
Proposal 5	The locations (start position) of the following information elements within the PEI DCI is configurable via higher layer broadcast configuration: - Start of paging indication field (S1), 0≤S1 ≤42 - Start of TRS availability indication field (S2), 0≤S2 ≤42
Proposal 6	PEI transmissions should not be restricted to be in conjunction/adjacent to other transmission.
Proposal 7	The range of the frame-level offset (PEI-F-offset) is up to 8 frames.
Proposal 8	The range of the symbol-level offset (firstPDCCH-MonitoringOccasionOfPEI-O) is up to 1119 symbols.
Proposal 9	No special handling is introduced for PEI when eDRX PTW is configured (if eDRX PTW is supported). The UE wakes up at configured PTW during which PEI is applicable to the POs within.
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