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1 [bookmark: _Ref40465791]Introduction
In the RAN1 #105-e meeting, agreements for comparison of PEI candidate designs were achieved [1], which are attached in the appendix.
This contribution provides our views in below aspects on the paging enhancement for Rel.17 UE power saving.
· Paging Early Indication (PEI) physical layer design
· Support of Behv-A and/or Behv-B
· Subgrouping design

2 Paging enhancement
1 
2 
Paging Early Indication (PEI) physical layer design candidates
From the agreed observation in the previous meeting on the coexistence with legacy channels and power saving gains of different PEI design candidates, we do not see substantial performance difference among the candidates. In our view, the key matters are the functionalities of PEI and the required number of information bits to support.
To deliver certain number of bits by a control channel in DL, both channel encoding and sequence modulation/selection are supported in current NR design, e.g. PBCH and PDCCH for former design, PSS/SSS and PBCH DMRS modulating SSB index for later design. One of the essential differentiations is the modulated bit number. From the evaluation results, to fulfill the performance requirement of MDR/FAR, for PDCCH-based design, AL8 is required. Therefore, for a PEI with several bits of indication, utilizing PDCCH of AL8 and overhead of DMRS is basically less efficient than sequence-based modulation/selection. On the other hand, for an indication with 5 of bits or larger, DCI-based design is more preferable than SSS or TRS/CSI-RS based design. Therefore, it would be helpful to get consensus on the supported functionalities and number of bits carried by PEI, before decision on physical channel design.
In the current agreement, for paging indication to the subgroups in a PO, all the PEI design candidates shall support carrying subgroup information. Therefore, it would be more sensible to agree firstly on whether additional TRS occasions availability/unavailability indication should also be supported in PEI, even if it is configurable/optional. In additional, if one PEI applies to multiple POs, which can be located close to SSB instead of close to POs, the required payload size is higher. If it is the case, PDCCH-based PEI should be supported.
If only paging indication to the subgroups is supported by PEI with up to 4 bits, our view is TRS based design is technically better solution due to the performance and system overhead advantage. Coexistence with legacy UEs would be no difference as we think all designs are fine in this aspect. However, we can also live with PDCCH-based design for sake of progress.
Proposal 1: To firstly agree on functionalities of PEI and the number of bits supported by PEI, before agreeing on PDCCH, SSS or TRS/CSI-RS based design. If 5 or more bits are supported by PEI, where PEI is located close to SSB instead of each PO, PDCCH-based design should be taken. Otherwise, sequence based design should be taken.
Support of Behv-A and/or Behv-B

High level comparison between Behv-A and Behv-B:
· If group paging rate (GPR) is low, by implementation, gNB may skip some PEI transmission in order to save more resource in case of adopting Behv-A than Behv-B, as most of the instances there is no paging by network. 
· Following similar principle, if group paging rate is high, by implementation, gNB can skip some PEI transmission in case of adopting Behv-B
Observation 1: If UE does not detect any PEI, the supported UE behavior can largely impact the system overhead caused by PEI transmission under different GPR assumptions.
The system overhead introduced by PEI depends on multiple factors, i.e. PEI physical channel design (PDCCH, TRS/CSI-RS, or SSS-based), supported UE behavior (Behv-A or B) in case of miss detection, and assumed group paging rate. In the evaluation, the typical GPR used is 10%. Some higher values from 20% to 60% are used to explore more power saving gain from sub-grouping mechanism. However, the high range of the GPR is not always typical for actually network deployment. Thus, Behv-A should be supported at least.
According to [2], RAN2 adopted network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging probability as EUTRA, possibly with additional randomization). Our understanding is the situation of GPR does not change in spite of the network controlled subgrouping as the reasonable network would configure the sub-grouping to make GPR to the order of RAN1 evaluation for reduced power consumption taking into account the difference of the paging rate of the UE characteristics (URLLC, V2X, and so on). 
When URLLC is operated in the cell, our view is to transmit URLLC is more important than PEI transmission. This is especially true if PEI is not carried on PDCCH region like sequence-based design. Therefore, our view is following. If PEI is PDCCH based design, the PDCCH region would be also used for URLLC usage of PDCCH. Therefore, we don't have concern on the collision between PDCCH and PEI. Therefore, we propose following.
Proposal 2: Behv-A should be supported. If PEI is sent other than PDCCH region like sequence based design, Behv-B also should be selectively supported for the protection of URLLC.

For IDLE/INACTIVE mode UE, 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. In addition, 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. during SI modification period or before obtaining SIB configuration related to PEI and/or TRS/CSI-RS for time/frequency tracking availability status, UE should continue monitoring paging PDCCH in the PO after PEI.

Subgrouping design

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. If sequence-based PEI or PDCCH-based PEI with small payload is supported, the sub-grouping indication is not flexible enough to accurately point to the paged UE. It is true that sequence-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 5: 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. 

The detailed subgrouping design should firstly look at the maximumly supported number of subgroups. In the evaluation, the number is from 2 to 16 for a PO, which corresponds to 1 to 4 bits.
As we prefer to support subgrouping by PEI and paging DCI in a configurable way, some options can be as below table, which can be configured via SIB.
Table 1. Example of configurable subgrouping indication by PEI and paging DCI
	Channel carrying subgrouping index 
	Number of bits of the subgrouping index carried by each channel.

	PEI
	0
	1
	2

	Paging DCI
	0 or 1
	0
	0, 1 or 2




3 Conclusion
In this contribution, views on paging enhancement schemes for Rel.17 UE power saving enhancement are provided. The following conclusions are highlighted:
Proposal 1: To firstly agree on functionalities of PEI and the number of bits supported by PEI, before agreeing on PDCCH, SSS or TRS/CSI-RS based design. If 5 or more bits are supported by PEI, where PEI is located close to SSB instead of each PO, PDCCH-based design should be taken. Otherwise, sequence based design should be taken.
Proposal 2: Behv-A should be supported. If PEI is sent other than PDCCH region like sequence based design, Behv-B also should be selectively supported for the protection of URLLC.
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. during SI modification period or before obtaining SIB configuration related to PEI and/or 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 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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5 Appendix: Agreements for paging enhancement in Rel.17 Power Saving Enhancement from RAN1#105-e meeting

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





