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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The UE power saving enhancement in [1] had been discussed since the beginning of Rel-17 in February 2020 with the target completion date of core specification in December 2021 for RAN1 and March 2022 for RAN2 and RAN4.  The discussion and agreements made in working groups had been steady but slowly.  In particular, the discussion of the paging enhancement in RAN1 has been on the paging early indication (PEI) candidates for several meetings.  Several open issues in the evaluation of PEI had been discussed without resolutions for several RAN1 meetings.  With the work item completion date approaching, the scope and the progress should be evaluated in order to have the work item completed in time.  This paper discusses the scope and progress of Rel-17 UE power saving enhancements.    
Discussion

The objectives in UE power saving enhancements work item [1] with RAN2 being the leading working group includes the paging enhancement for IDLE/Inactive UEs as follows,
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]
i. NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 #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]
ii. NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
RAN2 had agreed the support of paging subgroups as the technique to reduce unnecessary UE paging reception. The paging subgroup is assigned and controlled by the core network based on different UE characteristics. If the subgroup is not provided by the core network, the paging subgroup would be determined through randomization, e.g, based on UE ID. RAN2 agreed that paging subgroup would be provided by AMF of core network. The paging subgroup information would be provided by NAS signaling to the IDLE/Inactive UEs and NGAP signaling to the gNB. The details of NAS signaling information and procedure would be decided by SA2/CT1. RAN1 also agreed to support up to 8 paging subgroups with indication by PEI and/or paging DCI. The details of paging subgroup indication in PEI and/or paging DCI would be based on the configured subgroup information from NAS. RAN1/RAN2 need to define the procedure on the mapping of the paging subgrouping information received from NAS to the bit mapping/codepoint in the PEI and/or paging DCI. The procedure on the monitoring occasion of paging subgroup either on PEI or paging DCI should also be specified in physical layer procedures and higher control signaling procedures.  
If the paging subgroup indication is carried by PEI, the configuration of PEI monitoring occasion needs to be specified for IDLE/Inactive UE. The procedure of the PEI monitoring occasion and the subsequent PDCCH monitoring occasion at paging occasions need to be discussed and specified. Since the paging occasion is derived from the SIB and NAS control signaling as well as the UE ID, whether PEI monitoring occasions would be derived based on the control signaling similar to that of paging occasion should be discussed and specified. In addition, multiple paging occasions are configured with each paging occasion under one beam in a multi-beam cell [2].  The PEI monitoring occasions in a multi-beam cell should be discussed and specified. In addition, more than one paging monitoring occasions in a beam are specified for the operation in unlicensed spectrum [2]. The PEI monitoring occasion for the operation in the unlicensed spectrum needs to be discussed.  
If the paging subgroup indication is carried by paging DCI, the paging subgroup associated paging monitoring occasion should be further investigated. Whether the paging monitoring occasion for the paging subgroup is the same or different comparing to legacy paging monitoring occasion should be studied.   
There are lots of remaining works in RAN1/RAN2/RAN3 in defining the control signaling procedures in support of paging subgroups for reducing unnecessary UE paging reception. Since RAN2 is the leading working group of Rel-17 UE power saving enhancement, the detailed procedure of supporting paging subgrouping in RAN1/RAN2/RAN3 should be prioritized for the objective of reducing unnecessary paging reception.  

[bookmark: _Hlk81782098]Proposal 1:  The detail procedures, control signaling, and resource mapping in support paging subgroups should be prioritized in work in RAN1/RAN2/RAN3 in achieving the power saving gain by reducing unnecessary paging reception.
Proposal 2:  The procedure and control signaling of PEI monitoring occasion needs to be discussed in detail to support the paging subgroup indication in the following scenarios
· The signaling and procedure of PEI monitoring occasion and its relation with the subsequent paging DCI/paging message decoding in the paging occasion.  
· The configuration of PEI monitoring occasion in a multi-beam cell
· The PEI monitoring occasion when NR system operates in unlicensed spectrum 

RAN1 had performed the evaluation of UE power saving and the detection performance of PEI as well as the system analysis of overheads, the capability, and the co-existence with signals/channels used by legacy UEs. The evaluation results of power saving gain and detection performance and associated system analysis are the reference metrics for the evaluation of PEI candidates and had been captured in the observations as reported in [4]. There is no conclusion on the values of the reference metrics for the evaluation of PEI candidates after a year long evaluation and discussion.      
[bookmark: _Hlk81781932]One aspect had been discussed in RAN1 without consensus is the evaluation assumption in preparation of coherent decoding of PDCCH-based PEI to obtain the UE power saving gain. The evaluation assumptions for PDCCH-based PEI made for obtaining high power saving gain by most companies is to have one SSB for the signaling processing in preparation of coherent detection of PDCCH-based PEI.  The assumption of one SSB is also used for signaling processing of the non-coherent detection of sequence-based PEI, such as SSS-based and TRS-based PEI, without channel tracking and compensation. For IDLE/Inactive mode UE, UE is out-of-sync with free running clock after long DRX. UE would require long time and more than one reference signals in the front end processing, such as AGC, channel tracking, local oscillator calibration, channel estimation, in preparation of coherent detection of PDCCH-based PEI. RAN4 also sent an LS reply to RAN1 in [3] regarding the number of RS and separation required to perform AGC and channel tracking for fast SCell activation for CONNECTED mode UEs without out-of-sync to the network.  In RAN4 LS [3], UE needs to use two RS signals with separation of 2 ms or 2 slots to perform AGC and channel tracking.  Thus, at least 2 SSBs are needed for performing AGC and channel tracking for CONNECTED mode UE which is in-sync with the network.  For IDLE/Inactive mode UEs in out-of-sync with the network, the number of SSBs required to perform AGC, channel tracking, oscillator calibration and channel estimation in preparation of coherent detection of PDCCH-based PEI should be at least 2 SSBs. Since there is no consensus on the power saving gain of DCI-based PEI in RAN1 due to different understandings in the assumption used for evaluation, the assumption of number of SSBs required for the preparation of coherent detection of PDCCH-based PEI should be further discussed in RAN1 with the help by RAN4 in order to reach the conclusion of the power saving gain by PDCCH-based PEI. The selection of PEI candidates should be based on the reference metrics of RAN1 evaluation results of power saving gain and detection performance as well as the system analysis of overhead and PEI capability.   

[bookmark: _Hlk81782127][bookmark: _Hlk57542364]Proposal 3:  The selection of PEI candidate should be based on the reference metrics of RAN1 evaluation results of power saving gain and detection performance as well as the system analysis of overhead and PEI capability with key emphasis on the power saving gain.   

Proposal 4:  The evaluation assumption of number of SSBs used for the coherent detection of PDCCH-based PEI should be first concluded by RAN1 with the assistance by RAN4 to finalize the power saving gain for PDCCH-based PEI 

Conclusion
In this contribution, we discuss the scope and progress of Rel-17 UE power saving enhancements.  We have the following proposals.
· Proposal 1:  The detail procedures, control signaling, and resource mapping in support paging subgroups should be prioritized in work in RAN1/RAN2/RAN3 in achieving the power saving gain by reducing unnecessary paging reception.
· Proposal 2:  The procedure and control signaling of PEI monitoring occasion needs to be discussed in detail to support the paging subgroup indication in the following scenarios, 
· The signaling and procedure of PEI monitoring occasion and its relation with the subsequent paging DCI/paging message decoding in the paging occasion.  
· The configuration of PEI monitoring occasion in a multi-beam cell
· The PEI monitoring occasion when NR system operates in unlicensed spectrum 
· Proposal 3:  The selection of PEI candidate should be based on the reference metrics of RAN1 evaluation results of power saving gain and detection performance as well as the system analysis of overhead and PEI capability with key emphasis on the power saving gain.   
· Proposal 4:  The evaluation assumption of number of SSBs used for the coherent detection of PDCCH-based PEI should be first concluded by RAN1 with the assistance by RAN4 to finalize the power saving gain for PDCCH-based PEI 
[bookmark: _Ref6663992]
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Appendix

RAN1 agreements on the paging early indication and paging subgrouping

Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences

Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)

Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. 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

Agreement
Observation:
For the comparison of PEI candidate designs, the following table summarizes average power saving gains based on companies contributions:

	UE subgroups in a PO

	PEI candidate type (PDCCH, SSS, TRS/CSI-RS)
	#SS burst(s) before PO in Rel-16 baseline
	PO paging rate
	Power Saving Gain
	Company
	Assumed #SS burst(s) before PEI
	Assumed #SS burst(s) between PEI and PO when UE is paged

	1
	PDCCH
	1
	10%
	8.95%
	Samsung
	1
	0

	
	
	
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	[16.32%]
	Intel
	1
	[1]

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	2.16%
	Samsung
	2
	0

	
	
	
	10%
	5.0%
	QC
	1
	1

	
	
	
	10%
	15.60%
	Intel
	2
	0

	
	
	
	10%
	15.64%
	Samsung
	1
	1

	
	
	
	10%
	19.5%
	MTK
	1
	1

	
	
	
	10%
	22.5%
	ZTE
	1
	1

	
	
	
	10%
	[24.938%]26.14%
	Intel
	1
	1

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	1

	
	
	3
	10%
	1.88%
	Samsung
	3
	0

	
	
	
	10%
	5.83%
	CATT
	3
	0

	
	
	
	10%
	13.92%
	Intel
	3
	0

	
	
	
	10%
	15.7%
	QC
	1
	2

	
	
	
	10%
	25.5%
	MTK
	1
	2

	
	
	
	10%
	25.33%
	Samsung
	1
	2

	
	
	
	10%
	26.3%
	Apple
	1
	2

	
	
	
	10%
	29.6%
	DoCoMo
	1
	2

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	33% - 37%
	Ericsson
	1
	2

	
	
	
	10%
	[31.75%]32.82%
	Intel
	1
	2

	
	
	
	40%-60%
	12.5%
	DoCoMo
	1
	2

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	
	SSS or TRS/CSI-RS (same results)
	1
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.4%
	Samsung
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	17.67%
	Intel
	1
	0

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	5.0%
	QC
	1
	0

	
	
	
	10%
	6.3%
	QC
	0
	1

	
	
	
	10%
	20.49%
	Samsung
	1
	0

	
	
	
	10%
	20.7%
	MTK
	1
	0

	
	
	
	10%
	22.5%
	ZTE
	1
	0

	
	
	
	10%
	27.33%
	Intel
	1
	0

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	0

	
	
	3
	10%
	15.7%
	QC
	1
	0

	
	
	
	10%
	17.8%
	QC
	0
	1

	
	
	
	10%
	26.6%
	MTK
	1
	1

	
	
	
	10%
	27.9%
	Apple
	1
	0

	
	
	
	10%
	30.19%
	CATT
	1
	0

	
	
	
	10%
	30.84%
	Samsung
	1
	0

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	34.96%
	Intel
	1
	0

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	8
	PDCCH
	1
	10%
	11.31%
	Samsung
	1
	0

	
	
	
	10%
	11.9%
	CMCC
	1
	0

	
	
	
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	18.0%
	MTK
	1
	0

	
	
	
	20%-35%
	11.89%
	Samsung
	1
	0

	
	
	
	20%-35%
	12.04%
	CMCC
	1
	0

	
	
	
	20%-35%
	18.40%
	MTK
	1
	0

	
	
	
	40%-60%
	19.20% - 20.00%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	1

	
	
	
	10%
	20.36% - 31.70%
	HW
	1
	1

	
	
	
	10%
	22.40%
	MTK
	1
	1

	
	
	
	10%
	25.40%
	ZTE
	1
	1

	
	
	
	20%-35%
	22.50%
	MTK
	1
	1

	
	
	
	20%-35%
	20.71% - 31.95%
	HW
	1
	1

	
	
	
	40%-60%
	20.73% - 31.64%
	HW
	1
	1

	
	
	
	40%-60%
	22.80% - 23.20%
	MTK
	1
	1

	
	
	
	40%-60%
	25.40% - 25.70%
	ZTE
	1
	1

	
	
	3
	10%
	17.9%
	QC
	1
	2

	
	
	
	10%
	22.65%
	CMCC
	1
	2

	
	
	
	10%
	28.70%
	MTK
	1
	2

	
	
	
	10%
	30.65% - 42.19%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	23.08%
	CMCC
	1
	2

	
	
	
	20%-35%
	28.80%
	MTK
	1
	2

	
	
	
	20%-35%
	30.72% - 42.12%
	HW
	1
	2

	
	
	
	40%-60%
	29.00% - 29.10%
	MTK
	1
	2

	
	
	
	40%-60%
	29.42% - 42.11%
	HW
	1
	2

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	SSS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	18.53%- 28.90%
	HW
	1
	1

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	16.98% - 26.18%
	HW
	1
	1

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	10.70% - 20.77%
	HW
	1
	1

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	27.69% - 38.11%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.15% - 34.49%
	HW
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	40%-60%
	14.30% - 26.7%
	HW
	1
	2

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	TRS/CSI-RS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	10%
	18.08%
	Samsung
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	20%-35%
	18.54%
	Samsung
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	19.99% - 30.66%
	HW
	1
	0

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	19.93% - 29.79%
	HW
	1
	0

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	
	40%-60%
	19.34% - 26.11%
	HW
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	29.05% - 39.74%
	HW
	1
	1

	
	
	
	10%
	31.55%
	CATT
	1
	0

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	20%-35%
	27.72% - 37.54%
	HW
	1
	1

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	21.90% - 32.78%
	HW
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2






2

