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Introduction
Rel.17 power saving enhancement work item [1] was updated and agreed in RAN plenary #88e meeting.
The working scope includes the following objectives:
	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 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



This contribution discusses the potential paging enhancement for idle/inactive-mode UE power saving.

Discussion
Background
During the IDLE/INACTIVE-mode, UE may sleep based on DRX cycle. UE follows the shorter value of DRX cycle between the UE specific DRX value (if allocated by upper layers) and a default DRX value in SIB1.
The time instance that UE needs to perform PDCCH monitoring for paging is specified as Paging Frame (PF) and Paging Occasion (PO). Basically, all the monitoring occasions appear in a periodic manner and can be calculated from the high layer configured parameters and UE ID.
Thus, UE may decide the timing to wake up, when monitoring the Paging PDCCH in the PO. If the CRC check is negative, UE ought to stay in the sleep mode. Therefore, 
Observation 1: In IDLE/INACTIVE mode, Paging PDCCH may serve similar function as WUS/DCP in CONNECTED mode, based on which UE may decide whether to wake up or not.

While in NR, the system information modification and PWS/ETWS notification are directly reflected by the DCI format 1_0 with CRC masked by P-RNTI, in the Short Message Indicator and Short Message field, as shown by the Table 7.3.1.2.1 – 1 in [2] and Table 6.5 – 1 in [3] . This design is from eMTC in LTE. NB-IoT and NR follow such design. To some extent, this brings certain convenience for power saving by avoiding decode PDSCH for these two possibilities. 
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Observation 2: The current DCI field design for paging is friendly for UE implementation options with better power saving, e.g. not to decode the PDSCH when UE is not paged to trigger RRC setup.

Issues of current paging design for achieving power saving benefit
In an “optimized” UE implementation of detecting paging, for power saving purpose, UE could decide whether to buffer and decode PDSCH part as a second step after decoding the PDCCH part of paging in first step, which is depicted in Figure.1 below. Since most of the time, UE stays in RRC INACTIVE/IDLE and keeps monitor Paging without being really paged, PDCCH-only slot and corresponding power consumption would dominate the overall UE modem battery life time. Such optimization to separate paging monitoring into two steps would result in considerable power saving gain. This is quite same with cross-slot scheduling in Rel.16 if applied to paging reception.

[image: ]                              Figure.1 Potential UE implementation for better power saving

To achieve such power saving benefits when monitoring paging in INACTIVE/IDLE mode, UE may need enough time gap to decode the Paging PDCCH in the first step before starting to buffer PDSCH. This is also similar to cross-slot scheduling in Rel.16. 
Currently, depending on the SSB and CORESET multiplexing pattern and whether common TDRA table is configured, the default TDRA table A, B, C or common table is used. The default tables basically utilize K0 = 0, except several entries. This bring difficulty for UE to achieve the power saving benefit.
Although common TDRA table can be configured, it shall also be used for other common message such as SIBs and RAR. Always configuring a common TDRA table within minimum K0 value larger than 0 is not so efficient and practical. Because it will bring additional latency for random access procedure. In addition, the SIB PDCCH and PDSCH part are always transmitted together so that additional gap will enlarge the UE active time thus increase the power saving.
Based on the discussion we observe and propose following. For the proposal, the compatibility should also be studied to ensure not impacting early release UE operation.
Observation 3: Utilizing the default and common TDRA table is difficult for UE to enjoy benefits from the two-step (PDCCH first and PDSCH second) Paging monitoring.
Proposal 1: Cross-slot scheduling for paging should be studied for Rel.17 power saving enhancement. The compatibility with lower release UE should also be studied.

Conclusion
Based on the discussion, the following observations and proposals are highlighted: 
Observation 1: In IDLE/INACTIVE mode, Paging PDCCH may serve similar function as WUS/DCP in CONNECTED mode, based on which UE may decide whether to wake up or not.
Observation 2: The current DCI field design for paging is friendly for UE implementation options with better power saving, e.g. not to decode the PDSCH when UE is not paged to trigger RRC setup.
Observation 3: Utilizing the default and common TDRA table is difficult for UE to enjoy benefits from the two-step (PDCCH first and PDSCH second) Paging monitoring.
Proposal 1: Cross-slot scheduling for paging should be studied for Rel.17 power saving enhancement. The compatibility with lower release UE should also be studied.
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Table 7.3.1.2.1-1: Short Message indicator

Bit field Short Message indicator
00 Reserved
01 Only scheduling information for Paging is present in the DCI
10 Only short message is present in the DCI
1" Both scheduling information for Paging and short message are present in the DCI
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Table 6.5-1: Short Messages

Short Message

systeminfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

2 etwsAndCmasindication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.
3-8

Not used in this release of the specification, and shall be ignored by UE if received|
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