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Introduction
In RAN1#104b-e and #105 observations were made for three candidate signals/channels:
· PDCCH
· TRS
· SSS

and are summarized in Appendix A. In this contribution we discuss the observations and down-selection of signal.
Discussion on PEI signal/channel
Coexistence 
When drawing conclusions from Observation on legacy PDSCH coexistence with PEI in Appendix A, all PEI candidate signals/channels may coexist with PDSCH in sub-symbol level, in dynamic or semi-static way. 
When drawing conclusions from Observation on legacy PDCCH coexistence with PEI in Appendix A, it can be seen that for interleaved CORESET, such as CORESET#0 only PDCCH can efficiently reuse unused resources for PEI. Furthermore, it should be noted that CSI-RS are currently not allowed to be configured on top of CORESET#0 for a legacy user. 
 
	TS 38.214 subclause 5.1.6.1 

….
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).



Therefore, if no specification change is agreed, then clearly also Idle TRS are not allowed to be configured on top of resources of CORESET#0 or Common CORESET configured in PDCCH-configCommon and vice-versa. This means that observation from last meeting is not technically correct if looking from R17 UEs point of view. 

Observation 1: If no specification change is adopted in R17, TRS based PEI could not be configured in symbols where CORESET#0 or Common control resource set is present for R17 UE.

On the other hand, a collision of PDCCH and transmitted SSBs is allowed and in some cases may result in dropping PDCCH candidates.
	TS 38.213, sub-clause 10.1

….
For monitoring of a PDCCH candidate by a UE, if the UE
- has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in
ServingCellConfigCommon for a serving cell, and
- does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and
- at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1,
the UE is not required to monitor the PDCCH candidate.

For monitoring of a PDCCH candidate by a UE, if the UE
- has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
- does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and
- at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon,
the UE is not required to monitor the PDCCH candidate.


 
Contrary to TRS/CSI-RS, SSB is allowed to overlap with resources of CORESET#0 in R16. And finally, no specification exists for collision of TRS/CSI-RS and SSB to our knowledge, except for CSI-RS for L1-RSRP and L1-SINR computation case, where the collision with SSB is not expected by UE. 

From above, since CORESET and SSB coexist and collisions are already specified and allowed, these signals have advantage over TRS/CSI-RS when it comes to coexistence. And particularly CORESET#0 is typically used by all UEs on Pcell as well as SSBs. Therefore, finding a resource placement for TRS-based PEI is the most challenging for a gNB.

Observation-2: From PEI candidates, finding resources for TRS-based PEI is the most challenging for gNB, since gNB must avoid collisions with common CORESET(s) and SSB(s) in initial DL BWP.
Power consumption
There are three power saving mechanism related to PEI.
· Reduction of SSBs necessary for synchronization before a PEI 
· Early paging indication in different slot than Paging PDSCH and
· Sub-grouping.

Reduction of SSBs before PEI
Based on results summarized in RAN1#105 agreement, it is evident that companies have different opinion on how many SSBs are required to receive PDCCH PEI, this impacting power consumption. And without conclusion on this aspect, we cannot conclude on which signal type is better than other. 
Observation-3: Conclusion on feasibility of reception of PDCCH with only single SSB for cell-edge UEs is needed to be able to down-select PEI signal/channel. 
In our opinion, it is feasible to settle AGC based on PSS and perform synchronization based on SSS 2symbols later. The degree of synchronization depends on SINR conditions, indeed. Of course, additional known signal at UE could improve such synchronization. TRS and SSS as additional signal would be helpful. However, if UE could be guaranteed wide-band DMRS within CORESET#0 during PEI monitoring occasion, those could be used in the similar way as TRS, since PDCCH DMRS form a known signal comb structure. The density of PDCCH DMRS is exactly the same as that of TRS, i.e. 3RS per PRB.  And since UE suppose not to receive outside CORESET#0 in IDLE, wideband DMRS within CORESET can provide the same degree of synchronization benefit as TRS, plus on top PDCCH offers CRC check to provide reliability and other benefits. 
Observation-4: If UE would be guaranteed wideband PDCCH DMRS within CORESET containing a search-space monitoring occasion for PEI, it would enable UE to obtain additional known synchronization signal, similarly as TRS and SSS offer. 
Proposal-1: Consider introducing wide-band PDCCH DMRS transmitted in an entire CORESET configured by SIB1 or MIB during the early paging indication monitoring occasions to enable fine-synchronization based on known DMRS sequence as well as CRC based detection of PEI.

PEI and paging PDSCH in different frames
Second gaining mechanism is known from Release 16 already. A UE that monitors only PDCCH in a slot consumes 3-times less power than UE that has to be also prepared to receive PDSCH in the same slot (as seen in Table 1). Second gaining mechanism may be achieved by enabling cross-slot scheduling in a Paging DCI (with limitation of max K0=1), or by two-step DCI (PEI+Paging PDCCH), where the PEI may be transmitted in a paging PDCCH within a one of previous paging frames. The first one, would require gNB to transmit 2 paging PDSCH, one for legacy UEs and one for R17 UEs, if K0>1 is required to reduce power. The second one, has an issue of two-step DCI reliability. However, if PO and PEI are located in different frames, there is room/flexibility for gNB to transmit TRS before PO, to aid high-level synchronization required to receive PDSCH.
Observation-5: PEI should support the case where paging PDSCH is in different frame than paging early indication. 
Table 1 UE power consumption model for FR1
	· Power State
	Relative Power
(FR1 reference from TR 38.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	·        150 (synchronous case, N=8, measurement only; Pintra, meas-only)
·        200 (combined search and measurement; Pintra, search+meas)
	·        [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
·        [80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	·        150 (measurement only per freq. layer; Pinter, meas-only)
·        150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	·        [60] (measurement only per freq. layer; Pinter, meas-only)
·        [150] (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840 [2], i.e., max{reference power * 0.4, 50}.






Sub-grouping
While the gains from sub-grouping have large variance, and they depend on the group paging rate, support of 8 sub-groups has been agreed. From specification effort point of view, PDCCH based PEI subgrouping design is the easiest. This because defining search space set, RNTI and payload is straightforward, particularly if design principles from Connected mode WUS in DCI format 2_6 are resued.
Observation-6: Gains from sub-grouping are having large variance among companies and depend on group paging rate. Specification effort to support sub-grouping is the lowest for PDCCH based PEI.
Based on above we suggest that 
Proposal-2: Down-select PDCCH as PEI signal/channel.
Signaling details for PDCCH PEI
To keep the detection performance at its best, define a dedicated DCI in dedicated search-space set for PEI. The PDCCH monitoring design may be similar to design of wake-up signal (WUS) signal DCI format 2_6, where analogically there would be a monitoring window defined before PO to monitor for PEI. Periodicity and monitoring occasions, etc. of search-space set are then left up to gNB to configure.

Proposal-3: A dedicated PDCCH in dedicated search-space set contains:
· TRS validation bits, see our contribution in sub-agenda 8.7.1.2 for details
· bitmap for up to 8 sub-groups to indicate wake-up or not in upcoming PO for each sub-group
· define monitoring window before PO to monitor the dedicated search-space set for PEI, follow 2_6 design principles.
Conclusions 
Regarding the PEI design we had the following observations and proposals:
Observation 1: If no specification change is adopted in R17, TRS based PEI could not be configured in symbols where CORESET#0 or Common control resource set is present for R17 UE.

Observation-2: From PEI candidates, finding resources for TRS-based PEI is the most challenging for gNB, since gNB must avoid collisions with common CORESET(s) and SSB(s) in initial DL BWP.
Observation-3: Conclusion on feasibility of reception of PDCCH with only single SSB for cell-edge UEs is needed to be able to down-select PEI signal/channel. 
Observation-4: If UE would be guaranteed wideband PDCCH DMRS within CORESET containing a search-space monitoring occasion for PEI, it would enable UE to obtain additional known synchronization signal, similarly as TRS and SSS offer. 
Proposal-1: Consider introducing wide-band PDCCH DMRS transmitted in an entire CORESET configured by SIB1 or MIB during the early paging indication monitoring occasions to enable fine-synchronization based on known DMRS sequence as well as CRC based detection of PEI.
Observation-5: PEI should support the case where paging PDSCH is in different frame than paging early indication. 
Observation-6: Gains from sub-grouping are having large variance among companies and depend on group paging rate. Specification effort to support sub-grouping is the lowest for PDCCH based PEI.
Proposal-2: Down-select PDCCH as PEI signal/channel.
Proposal-3: A dedicated PDCCH in dedicated search-space set contains:
· TRS validation bits, see our contribution in sub-agenda 8.7.1.2 for details
· bitmap for up to 8 sub-groups to indicate wake-up or not in upcoming PO for each sub-group
· define monitoring window before PO to monitor the dedicated search-space set for PEI, follow 2_6 design principles. 


Appendix A (observations)
Rate-matching
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource

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.)


Resource-consumption
For the evaluation and comparison of PEI candidate designs, the following summarize the identified configurations of PEI candidate designs, including pairs of the minimum required resource and maximum UE (sub)group indication capacity per PEI, that can comply with the mandatory performance metrics agreed in RAN1 #104-e:

· If Behv-A is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capcity 
	Number of companies providing performance results

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	5 
(HW/HiSi, OPPO, ZTE, CATT, MTK)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 1 symbol)
	3 bits
	1 (IDCC)

	
	
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)

	
	
	
	3 bits
	1 (IDCC)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)

	
	
	
	6 bits
	1 (CATT) 

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(OPPO, QC)

	
	
	
	4 bits
	1 (MTK)

	 

	PDSCH: MCS0, TB scaling 0.5;
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	4 
(OPPO, ZTE, MTK, Intel)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits
	1 (Intel)

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	4 bits
	1 (MTK)



· If Behv-B is assumed,
	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capcity
	Number of companies providing performance results

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	4 
(HW/HiSi, OPPO, ZTE, MTK)

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 (vivo, ZTE)

	
	
	
	6 bits
	1 (CATT)

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)

	 

	PDSCH: MCS0, TB scaling 0.5
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	3 
(OPPO, ZTE, MTK)

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)

	
	
	
	2 bits
	1 (MTK)



For the evaluation and comparison of PEI candidate designs, the following summarize average resource overheads per PO for PEI candidate designs, considering the configurations identified from performance observation.
· Note: For comparison purpose, single-beam transmission for PEI is assumed, and results with multi-beam transmission for PEI is scaled. This doesn’t preclude any beam-forming related design for PEI.
· If Behv-A is assumed:
· 
	Paging Setting
	PEI candidate design
	Physical-layer configuration and resource
	UE (sub)group indication capacity 
	Number of companies providing performance results
	Average resource overhead per PO (REs)
	PO and PEI related assumptions
	Resource sharing assumption

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	5 
(HW/HiSi, OPPO, ZTE, CATT, MTK)
	17.2
	OPPO
	1 PEI for up to 12 PO's
	 PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 

	
	
	
	
	
	17.2
	ZTE
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	17.6
	HW/HiSi
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	21.8
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	7 
(Xiaomi, Intel, QC, Samsung, IDCC, Ericsson, vivo)
	49.5
	vivo
	1 PEI for 4 PO
	 PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 

	
	
	
	
	
	57.6
	vivo
	1 PEI for 1 PO
	

	
	
	
	
	
	57.6
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	57.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	

	
	
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	41 bits
	1 (CATT) 
	57.6
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	576.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	SSS-based PEI
	1-symbol SSS, occupying 132 REs 
(11 RB x 2 symbols)
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	6 
(HW/HiSi, vivo, ZTE, CATT, QC, Samsung)
	25.4
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	25.4
	vivo
	1 PEI for 1 PO
	

	
	
	
	
	
	26.4
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	28.8
	CATT
	1 PEI for 1 PO
	

	
	
	
	
	
	28.8
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	254.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	
	
	264.0
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	288.0
	QC
	1 PEI for 1 PO
	

	
	
	
	3 bits
	1 (IDCC)
	 
	 
	 
	 

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	≥ 8 bits
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols) 
	1 bit
	1 (HW/HiSi)
	123.4
	HW/HiSi
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (Samsung)
	21.6
	Samsung
	1 PEI for 1 PO; 
PEI RE# scaled w.r.t. 1-beam
	Dynamic rate-matching in PDSCH

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	3 
(vivo, 
ZTE, Ericsson)
	28.8
	vivo
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	28.8
	ZTE
	1 PEI for 1 PO
	

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	6 bits
	1 (CATT) 
	28.8
	CATT
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	2
 (OPPO, QC)
	30.0
	OPPO
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	30.0
	QC
	1 PEI for 1 PO
	

	
	
	
	
	
	300.0
	QC
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's
	Dynamic rate-matching in PDSCH

	 

	PDSCH: MCS0, TB scaling 0.5;
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	4 
(OPPO, ZTE, MTK, Intel)
	34.4
	OPPO
	1 PEI for up to 12 PO's
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged

	
	
	
	
	
	43.6
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	
	
	
	57.6
	Intel
	1 PEI for 1 PO
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	4 bits
	1 (MTK)
	34.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	437.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	3 bits 
	1 (Intel)
	14.4
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 36-RB TRS, occupying 216 REs (36 RB x 3 REs per RB x 2 symbols)
	8 bits
	1 (Intel)
	21.6
	Intel
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	30.0
	OPPO
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	4 bits
	1 (MTK)
	26.0
	MTK
	1 PEI for up to 4 PO's; averaged all PO settings for 1.28-sec cycle
	Dynamic rate-matching in PDSCH




· If Behv-B is assumed:

	Paging Setting
	PEI candidate design
	Physical-layer configuration
	UE (sub)group indication capacity
	Number of companies providing performance results
	Average resource overhead per PO (REs)
	PO and PEI related assumptions
	Coexistence assumption

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	AL4 PDCCH with 12-bit payload, occupying 288 REs
	12 bits
	4 
(HW/HiSi, OPPO, ZTE, MTK)
	24.0
	HW/HiSi
	1 PEI for up to 12 PO's
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	24.0
	OPPO
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	24.0
	ZTE
	1 PEI for up to 12 PO's
	

	
	
	
	
	
	51.0
	MTK
	1 PEI for up to 12 PO's; averaged all PO settings for 1.28-sec cycle
	

	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	2 
(vivo, Samsung)
	518.4
	vivo
	1 PEI for 1 PO
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	518.4
	Samsung
	1 PEI for 1 PO;
PEI RE# scaled w.r.t. 1-beam
	

	
	SSS-based PEI
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	1 bit
	3 
(HW/HiSi, vivo, ZTE)
	228.6
	vivo
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	228.6
	ZTE
	1 PEI for 1 PO
	

	
	
	
	
	
	254.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	
	
	264.0
	ZTE
	1 PEI for 1 PO
	

	
	
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO;
average over all PO settings for 1.28-sec cycle; RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 28-RB TRS, occupying 168 REs (28 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (HW/HiSi)
	168.0
	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	1 bit
	2 
(vivo, ZTE)
	259.2
	ZTE
	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH

	
	
	
	
	
	259.2
	vivo
	1 PEI for 1 PO
	

	
	
	
	6 bits
	1 (CATT)
	288.0
	CATT
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	279.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	Semi-static rate-matching in PDSCH

	 

	PDSCH: MCS0, TB scaling 0.5
PDCCH: AL16, 41-bit payload
	PDCCH-based PEI
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	12 bits
	3 
(OPPO, ZTE, MTK)
	48.0
	OPPO
	1 PEI for up to 12 POs
	PEI is ALWAYS transmitted as a Rel-15 PDCCH in a CORESET

	
	
	
	
	
	102.0
	MTK
	1 PEI for up to 12 POs
	

	
	SSS-based PEI
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	1 bit
	1 (MTK)
	561.0
	MTK
	1 PEI for 1 PO; 
RB-symbol rate-matching pattern period up to 40 ms
	Semi-static rate-matching in PDSCH

	
	TRS/CSI-RS-based PEI
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	1 bit
	1 (OPPO)
	270.0
	OPPO
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH

	
	
	
	2 bits
	1 (MTK)
	150.0
	MTK
	1 PEI for 2 PO's
	Semi-static rate-matching in PDSCH



Power consumption
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



