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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID was updated which includes three major areas for RAN1 work [1]:
· Potential paging enhancements
· TRS/CSI-RS occasion(s) for idle/inactive UEs
· Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time.
	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
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



In this paper, we focus on the potential paging enhancements aspect. We will discuss power consumption model for idle/inactive mode power evaluation and propose UE group-based paging techniques for idle/inactive UE power saving.
UE power consumption modeling 
In this section, we provide model for idle/inactive UE power consumption based on our early contribution [2] with some updates. The power saving gain analysis is based on the power states, power values and assumed energy that are provided in Table 1.
[bookmark: _Ref534988381]Table 1: Power states and their agreed power values for I-DRX
	Power state
	Power
	Duration (ms)
	Energy
	Energy Notation

	Loop (AGC, TTL & FTL) 
	100
	0.5
	50
	

	Paging (PDCCH-only) 
	100
	0.5
	50
	

	SIB1 decoding (PDCCH+PDSCH)
	300
	1
	300
	

	Neighbor cell search (within SMTC)
	150
	2
	300
	

	L-SSB measurement 
	Depending on the # of SSBs to be measured and whether UE is stationary or not
	

	Serving cell SSB/CSI-RS processing
	100
	0.5
	50
	

	Light sleep 1 (between consecutive SSBs for the loops and RRM measurement)
	20
	19.5
	390
	

	Light sleep 2 (gap between PO and the closest SSB)
	20
	10
	200
	

	Light sleep transition
	
	
	100
	

	Deep sleep transition
	
	
	450
	

	Deep sleep
	1
	
	
	

	Note: 
·  is the number of SSBs (one SSB in each SSB set) needed to run AGC/FTL/TTL loops (assuming  in the model)
·  is the whole duration other than the deep sleep within an I-DRX
· For paging, 10% false alarm is assumed (i.e., 10% both PDCCH and PDSCH are decoded)



The baseline UE power consumption in I-DRX is given by

where 
·  where is UE speed (m/s) and  is inter-site distance, and  assuming UE performs cell search one every 6 I-DRX cycles.
· For stationary scenarios,  with  (i.e., serving cell SSB processing).  is duration of  SSBs during which the UE performs RRM measurement.
· For mobility scenarios,  where  is intra-frequency measurement and  depends on UE location/channel condition (e.g., cell edge or cell center). In particular,  should account for the facts that neighbor cell measurement might not need performing every I-DRX and SSBs from neighbor and serving cells might be time-aligned. In the model, we assume .
·  is I-DRX cycle and  is SMTC duration.
· 
· The number of SSBs for tracking loop update per I-DRX cycle is .
The UE power consumption in I-DRX can also be modeled for single frequency network (SFN) based deployment

with
·  and   where  is the number of cells within an update area and is the number of cells within a sub-area (e.g., SFN area) sending the same SFN sync signal. Note that we assume SIB1 reading only across the update area (e.g., RAN notification area or tracking area), and search is for sub-area reselection.
·  where . In addition,  for the stationary scenarios.
·  (assuming loops and measurement sharing the same RF ON duration)
·  
[bookmark: _Hlk47456279][bookmark: _Toc47514386][bookmark: p1]Proposal 1: Adopt the proposed idle/inactive UE power consumption model.
Reduction in unnecessary paging reception
An idle/inactive UE monitors PDCCH with CRC scrambled by P-RNTI in associated paging occasions (POs). Once the PDCCH is decoded, the UE will further decode the scheduled PDSCH to check whether it is actually paged by searching for the UE identity within the paging message. As a result, as long as any UE within UEs sharing the same PO is paged, all UEs need to decode the scheduled PDSCH. This results in the unnecessary paging reception (UPR) issue.
For NR Rel-15 and 16 UEs, UPR is not considered as a major problem because idle/inactive mode power consumption is not a material portion of the total power consumption. However, for low complexity UEs such as the RedCap UE that is discussed in Rel-17, power consumption in RRC Idle/Inactive becomes a considerable factor in battery life especially when repetition for paging is required.
UPR can be alleviated by splitting UEs that share the same PO into UE groups. If network wants to page a UE in one group, UEs in the other groups in the same PO do not need to decode the paging message. To enable the grouping of UEs, we have the following proposal. 
[bookmark: _Toc47514387][bookmark: p2]Proposal 2: To alleviate unnecessary paging reception, associate UEs that share the same paging occasion with multiple UE groups based on
· Option 1 - Multiple P-RNTIs
· Option 2 - Additional grouping information included in the content (i.e., reserved bits, Short Message field) of paging DCI
With option 1, a paging DCI is addressed to the P-RNTI associated with the intended UE and different UEs sharing the same PO can use different P-RNTIs. UEs in the same PO group but with different P-RNTIs will not decode paging message sent in that PO. With option 2, the reserved bits field in the paging DCI can be used to include the group ID. These two options are not mutually exclusive.
For option 2, the reserved bits field can be used to indicate whether a UE’s associated UE group is paged. In addition, if value of the Short Message Indicator is 00 or 01, the Short Message field (8bits) is reserved and can be used to make the group size even smaller. Then, depending on whether short message is included in the DCI, there are 6 or 14 bits to indicate whether a UE’s associated UE group is paged. 
[bookmark: _Toc47514388][bookmark: p3]Proposal 3: The reserved bits field and Short Message field of the paging PDCCH can be used to indicate the paged UE groups
· If Short Message Indicator is not 00 or 01, use reserved bits to indicate the paged UE groups in the PO
· If Short Message Indicator is 00 or 01, use additional bits to further indicate which sub-groups within a UE group indicated by the reserved bits field are paged in the PO.
Regarding the UE group information, it should be broadcast or specified in specifications. The linkage between a UE and its group can be based on the UE’s ID. Figures below show examples where the UE determines its associated P-RNTI, decodes the paging PDCCH and further decides to decode the paging message or not.
[bookmark: _Toc47514389][bookmark: p4]Proposal 4: The set of P-RNTIs can be provided in a SIB or defined in specifications. The UE is associated with a group and the corresponding P-RNTI based on the UE’s ID.
	

	UE1’s group is paged. UE1 decodes both PDCCH and PDSCH.

	

	UE2’s group is not paged. UE2 decodes PDCCH but does not decode PDSCH.


Cross-slot scheduling is beneficial for idle/inactive power saving. By cross-slot scheduling from the P-RNTI PDCCH to the paging message, the UE only needs to activate the necessary hardware for PDCCH decoding but does not need to perform PDSCH sample capturing or warm up other hardware for PDSCH decoding. This can lead to additional power saving.
[bookmark: _Toc47514390][bookmark: p5]Proposal 5: Network adopts cross-slot scheduling for the PDCCH CRC scrambled by P-RNTI for the scheduling of paging PDSCH.
Conclusions
In this paper, we discussed idle/inactive UE power consumption model and paging reduction techniques for NR Rel-17 power saving enhancements. We made the following proposals.
Proposal 1: Adopt the proposed idle/inactive UE power consumption model.
Proposal 2: To alleviate unnecessary paging reception, associate UEs that share the same paging occasion with multiple UE groups based on
· Option 1 - Multiple P-RNTIs
· Option 2 - Additional grouping information included in the content (i.e., reserved bits, Short Message field) of paging DCI
Proposal 3: The reserved bits field and Short Message field of the paging PDCCH can be used to indicate the paged UE groups
· If Short Message Indicator is not 00 or 01, use reserved bits to indicate the paged UE groups in the PO
· If Short Message Indicator is 00 or 01, use additional bits to further indicate which sub-groups within a UE group indicated by the reserved bits field are paged in the PO.
Proposal 4: The set of P-RNTIs can be provided in a SIB or defined in specifications. The UE is associated with a group and the corresponding P-RNTI based on the UE’s ID.
Proposal 5: Network adopts cross-slot scheduling for the PDCCH CRC scrambled by P-RNTI for the scheduling of paging PDSCH.
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