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1. Introduction
At the RAN1#105e meeting, the following were agreed. [1] 
	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. Discussion
In this contribution, we will mainly describe paging early indication.
2.1. Features of paging early indication 
In NR paging, UE determines PO (Paging Occasion) for the UE based on the calculation by e.g., UE ID, and the PO includes PDCCH monitoring occasion(s) which corresponds to each SSB. A PO can consist of a set of monitoring occasions corresponding to different beams in multi-beam operations. A large number of UEs share the same PO. These UEs wake up to monitor paging PDCCH in the same PO and have to receive corresponding PDSCH including paging message. If the paging message does not have the information for UEs, power consumption increases by unnecessary paging reception. In previous meeting, it was agreed to support PEI (paging early indication) before paging occasion in order to resolve such problem. As for PEI design, the following candidates can be considered:
· DCI-based approach
· RS/Sequenced-based approach
The characteristics of each PEI design are summarized in the table1 below.

Table1．PEI design characteristic
	PEI Design
	Advantages
	Disadvantages

	DCI-based
	· Low false alarm due to CRC
· Information other than Wake UP notifications can be easily notified 
	· sensitive to synchronization error 


	RS/Sequence-based
	· Not sensitive to synchronization error
	· Trade-off between false alarm rate and miss detection rate



When introducing PEI, the impact on legacy paging functionality should be considered. One functionality of the paging DCI is to inform UEs of some legacy information (e.g., ETWS, SI update). 
Legacy UE only monitors paging DCI by monitoring PO in every cycle. On the other hand, UE supporting PEI should monitor PO to check short message field for SI change and/or ETWS in addition to PEI. That is, UE supporting PEI might have more power consumption compared to legacy UE.
One of the solutions is to notify UE of such legacy information via PEI. The UE monitors the PEI first to know whether or not there is a paging message. Thus, it is reasonable to notify the legacy information via PEI so that additional power consumption can be avoided. It is not a significant issue for any PEI candidate to support 2bits indication for SI change and ETWS.
Observation 1: If UE needs to monitor PO for SI change and/or ETWS in the case of configuring PEI, it causes additional UE power consumption.
Proposal 1: It should be considered that ETWS and SI update is indicated via PEI. 
Also, availability indication of TRS/CSI-RS for idle/inactive mode UE to acquire ACG and synchronization can be informed by PEI. In following section, we discuss how to inform about it. When there is connected mode UE in the cell, idle/inactive mode UE can use TRS/CSI-RS to acquire ACG and synchronization. Our previous paper [2] shows the evaluation results on the power saving gain obtained by availability indication in paging early indication. In case the group paging rate is 60%, the power saving gain is 12.1% when only DCI-based PEI is applied, and when TRS/CSI-RS is additionally applied, the power saving gain becomes 24.7%. In other word, the UE can get the additional power saving gain of 12.6% by using TRS/CSI-RS for synchronization.
But the UE needs to be informed of availability indication of TRS/CSI-RS by the NW to achieve power saving. If the UE doesn’t know availability of TRS/CSI-RS, UE has to perform Blind detection at the TRS/CSI-RS occasion(s), which will increase power consumption. One of the methods to inform UE of availability of TRS/CSI-RS is to adapt DCI-based PEI and include availability of TRS/CSI-RS in DCI-based PEI. In order to indicate availability of TRS/CSI-RS by PEI, it is necessary to notify more information by PEI, and it is DCI-based PEI that has this characteristic.
[bookmark: _GoBack]Observation 2: Availability indication of TRS/CSI-RS for idle/inactive mode UE to acquire ACG and synchronization can be informed by DCI-based PEI.
2.2. [bookmark: _Hlk68506766]UE subgroup information
In the previous meetings, we discussed about how to inform UE of subgroup information. According to the simulation results provided by the companies in the previous meetings, when UE subgroups indication is carried by PEI, the power saving gain is higher than that obtained by UE subgroup indication in paging DCI. Also, the larger the number of subgroups becomes, the larger the power saving gain becomes. From this result, it is desirable that PEI can notify a lot of subgroup information. It is proposed that SSS-based also inform it, but there would be a little subgroup information that can be informed. On the other hand, DCI-based PEI can notify a lot of information as mentioned above.
In addition, the higher the group paging rate becomes, the higher the power saving gain for subgroups becomes. Also, TRS/CSI-RS for idle/inactive mode has similar property. The reason why power saving gain for subgroups and TRS/CSI-RS become the higher is that even when the UE is indicated to wake up by PEI, at least for some UEs among UEs with the same PO, the UE can skip some actions, e.g., SSB reception, paging PDCCH/PDSCH reception, and move into sleep earlier so that power saving gain can be obtained. 
On the other hand, PEI has the opposite characteristics, and the higher the group paging rate becomes, the smaller the power saving gain becomes. Power saving gain of only PEI can be obtained to skip some actions such as described above when the UE is indicated not to wake up by PEI, i.e., all UEs with the same PO are not paged.   Hence, when group paging rate is high, power saving gain of only PEI is not good because UE has to frequently wake up, and on the other hand subgroup indication and TRS/CSI-RS indication can provide better power saving gain.
Therefore, the combination of subgroups and PEI should be considered.
Observation 3: DCI-based PEI that can notify a lot of information is desirable for subgroups.
Observation 4: The power saving gain can be obtained at any grouping rate by combining PEI with subgroup indication and/or TRS/CSI-RS indication.
2.3. UE behavior 
In the last meeting, we discussed the following Behavior A/B.
·  Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO

As it was pointed out by some companies, Behv-A can have less overhead than Behv-B. On the other hand, even in the case of Behv-B, overhead is not big issue at least in some cases. 
One example is the case of high group paging rate. The higher the GPR becomes, the more frequently PEI is transmitted even in Behv-A. In this case, there is not much difference on resource overhead between Behavior A and B. Also, in Behv-B, NW can have the flexibility to prioritize legacy channels/signals. For example, when the resource is full for legacy channels/signals and there is no room for PEI, NW can skip PEI transmission and UE just monitors a PO since UE does not detect PEI. When NW skip PEI in Behv-A, UE can’t receive paging DCI in PO and try to monitor PEI at the next paging cycle. 
From the above, both Behv-A and Behv-B should be supported for any type of PEI, and since it is beneficial that NW can choose the default behavior between Behv-A and B, Behv-A/B should be configurable.
Proposal 2: Not only Behv-A but also Behv-B should be supported, which should be configured by the NW.
2.4. Coexistence
In the previous meetings, we discussed how PEI coexist with legacy signals/channels. Regarding PDCCH-based PEI, we have common understand that it can co-exist with the legacy physical layer channels because it can mostly reuse the current specs on how to coexist with legacy signals/channels. 
Regarding SSS-based PEI, some companies propose that CORESET-level rate matching may be realized for the PDSCH if a dedicated CORESET and Search Space set are configured for a rate matching. However, as some companies mentioned, since idle-mode UE reception BW is bounded by CORESET#0, dynamically sharing PDSCH for SSS-based PEI is only based on CORESET#0. Then, SSS-based PEI has the different resource mapping from PDCCH candidates in time and frequency domain. SSS-based PEI occupies consecutive time and frequency resource while CCE-to-REG interleaving can be applied in CORESET#0. Hence, if SSS-based PEI is transmitted in CORESET#0, it causes impact for legacy signals/channels.
In addition to the above, as some companies mentioned, SSS-based PEI might impact the legacy cell search procedure. 
Observation 5: There are some restrictions in SSS-based PEI to avoid to impact legacy UE.
2.5. PEI design
As explained in section 2.1-2.4, DCI-based PEI is better from several points of view and should be supported. Compared with sequence-based PEI, DCI-based PEI has less system impact and can provide more benefits by indicating additional information.
Also, given the timeline, we have no sufficient time to discuss about some issues e.g., coexistence issue and so on. In our understanding, PDCCH based PEI has less standard work compared to sequence-based PEI since most of existing features for PDCCH can be reused for PEI, and we can discuss about more detail to make the sophisticated specification.
Proposal 3: DCI-based PEI should be supported.
2.6. Information notified by PEI
The following candidates can be considered as the information notified by PEI:
· Whether or not UE wakes up at PO
· Subgroup Information
· Availability of TRS/CSI-RS for idle/inactive mode
· legacy indication (ETWS, SI update)

In a paging cycle, the UE first receives the PEI in front of the PO. As explained above, further power consumption reduction can be achieved if availability of TRS/CSI-RS and subgroup information are notified to the UE by PEI. Also, if legacy indication, e.g., ETWS, SI update, can be indicated by PEI, the UE does not need to paging DCI only for the legacy indication.

Proposal 4: The following candidates can be considered as the information notified by PEI:
· Whether or not UE wakes up at PO
· Subgroup Information
· Availability of TRS/CSI-RS for idle/inactive mode
· legacy indication (ETWS, SI update)
 
3. Conclusion
In this contribution, paging early indication was discussed. Based on the discussion, the following observations and proposals were made:

Observation 1: If UE needs to monitor PO for SI change and/or ETWS in the case of configuring PEI, it causes additional UE power consumption.
Observation 2: Availability indication of TRS/CSI-RS for idle/inactive mode UE to acquire ACG and synchronization can be informed by DCI-based PEI.
Observation 3: DCI-based PEI that can notify a lot of information is desirable for subgroups.
Observation 4: The power saving gain can be obtained at any grouping rate by combining PEI with subgroup indication and/or TRS/CSI-RS indication.
Observation 5: There are some restrictions in SSS-based PEI to avoid to impact legacy UE.

Proposal 1: It should be considered that ETWS and SI update is indicated via PEI. 
Proposal 2: Not only Behv-A but also Behv-B should be supported, which should be configured by the NW.
Proposal 3: DCI-based PEI should be supported.
Proposal 4: The following candidates can be considered as the information notified by PEI:
· Whether or not UE wakes up at PO
· Subgroup Information
· Availability of TRS/CSI-RS for idle/inactive mode
· legacy indication (ETWS, SI update)
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