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Introduction
In RAN1#104b-e three observations summarized in Appendix A have been agreed for three candidate signals/channels:
· PDCCH
· TRS
· SSS

Furthermore, RAN2 sent LS reply in [1], with the following message:
· both network controlled and UE-ID based random sub-grouping is supported
· RAN2 prefers at least 8 sub-groups, but leave the final decision on RAN1

Discussion on PEI signal/channel
Rate-matching and overhead - observations from 104bis
When drawing conclusions from Observation 1 in Appendix A, all PEI candidate signals/channels may coexist with PDSCH in sub-symbol level, in dynamic or semi-static way. On the other hand, TRS and PDCCH can be multiplexed with other signal/channel of its kind, but the same cannot be concluded for SSS.  
Observation-1: All candidate signals/channel may coexist with PDSCH, but only TRS and PDCCH can be multiplexed with signal/channel of its own kind.

When drawing conclusions from Observation 2/3 in Appendix A, it can be concluded that PDCCH can support the largest payloads and provides good scalability of the payload as well. Furthermore, overhead per bit is the smallest for PDCCH. 

Observation-2: Based on agreed Observation 2 and 3:
· PDCCH can carry the largest payloads and payload size is scalable by means of padding.
· Overhead per bit is the smallest for PDCCH

Furthermore, it has been agreed in idle TRS sub-AI that TRS are explicitly indicated, and blind detection is not intended: 
	Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).





It is very unclear to us, why the conclusion for TRS as PEI should be different.

Observation-3: There was no support for TRS as TRS for idle UEs to be blind detected, it is unclear why TRS as PEI should be treated differently.

Given above observations, seeing multiplexing issues of SSS and resistance to TRS blind detection, we have the following proposal:

Proposal-1: Support PDCCH as PEI channel.

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
From companies results it can be observed that PDCCH is robust to 0.5ppm frequency error (unlike PDSCH) and reduction of payload from 41bits to 12bits provides further 2dB performance gain. Therefore, if UE does not expect to receive PDSCH, high level of synchronization is not needed, and UE does not need to wake-up long before PEI.
Observation-4: The fact that UE needs to synchronize to a level to receive only NR PDCCH (i.e. no PDSCH) reduces synchronization requirements and enables reducing number of SSB required to receive 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
The paging group size is dependent on the DRX cycle and the number of UEs in the tracking area, as UEs are divided into the paging groups depending on the individual UE IDs as explained in 38.304. The larger the paging groups are the more likely the UEs monitoring paging have to wake up for other UE’s paging messages. Thus, large paging groups makes UEs to consume more power. The paging group size is dependent on the number of UEs in idle in the same tracking area.
In Figure 1 paging group size is shown to be dependent on number of UEs in the tracking area. In the Figure, each curve illustrates different number of paging groups (1 to 1024) available. If there are for example 1000 UEs in the same tracking area monitoring paging divided in 8 paging groups, there are about 125 UEs per paging group monitoring paging as can be read in grey colored curve in Figure 1. 
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Figure 1 Number of UEs per paging group dependent on number of UE in tracing area and number of paging groups

Observation-6: The paging group size depends on the DRX cycle parameters and the number of the UEs in the tracking area.
Observation-7: The larger the paging groups are the more power is consumed by the UEs in the group
Figure 2 below illustrates an example of wake-up probability from individual UE point of view as a function of paging group size for different individual paging probabilities. The same paging probability is assumed for each UE. It can be seen from the figure that when the number of UEs per group increases, the probability to wake up increases. The linearity of the increase depends on the UE paging rate. Higher the UE paging rate is more concave the dependency is. This means that group paging rate reduction does not saturate with number of sub-groups, but contrary. Therefore, we think that NR should support at least 8 subgroups to cover scenarios with many eMBB/RedCap UE operating in wide NR cells, where UE groups could be of 200-300 size.   
Proposal-2: Support at least 8 sub-groups as recommended by RAN2.
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Figure 2 UE wake up probability as a function of UEs per paging group for different UE paging probabilities
Signaling details 
The design proposed in this contribution is based on two building blocks:
An indication of TRS between PEI and PO 
A gNB may inform the presence of TRS for PO in PEI preceding the PEI. TRS enable UE to synchronize quickly to levels that are required to receive paging PDSCH. It is critical that TRS (if present) are between PEI and PO in time domain, preferably in frame/half-frame before PO.
Proposal-3:  If TRS are validated in PEI, a UE expects that TRS are present between PO and PEI in time domain. 
Reuse of paging DCI reserved bits for PEI
There are unused bits in paging DCI format. As stated in 38.212, there is always 6 bits reserved in Paging DCI format 1_0 irrespective of 2-bit indication in that DCI format (Table 7.3.1.2.1-1). Furthermore, if short message and/or PDSCH is not scheduled (i.e. bitfield indicated 01 or 10), more bits become reserved and available for PEI. 
Observation-8: There is always 6bits reserved in a paging DCI. Furthermore, in case 
·  a Short message is not transmitted in the DCI, 8 more bits become reserved.
·  a paging PDSCH is not scheduled by the DCI, 21 more bits become reserved.
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Reusing these bits, a PEI for the UE-group N of current paging occasion may be transmitted in paging PDCCH in one of the preceding frames (e.g. one or 2 frames before) that corresponds to UE group M. A paging PDCCH then should contain in addition to regular paging content for group M:
· One bit to indicate presence of TRS for UE-group N 
· up to at least 8 sub-group of UE-group M using 4 or 8 (when available) bitmap resolution to indicate which sub-groups of group N are to wake up for upcoming PO.
For example, in case that there are only 4 bits and 8 sub-groups, one bit corresponds to two sub-groups.
Proposal-4: A paging PDCCH for group N contains in addition to R16 content for group M:
· One bit to indicate availability/unavailability of TRS for UE-group N,
· up to at least 8 sub-groups of UE-group N using 4 or 8 (when available) bits to indicate which sub-groups of group N are to wake up for upcoming PO
· where location of paging occasion of UE group M is [x] frame before PO of group N.
Standardization impact, multiplexing with legacy and overhead.
Above introduced solution has very little standardization impact. It does not increase PDCCH blocking, since gNB must plan for transmission of one Paging DCI per PO and it also enables validation of TRS at the same time. Depending on gNB/UE capability of advanced rate-matching (such as dynamic CORESET rate-matching) schemes allowing reuse of CORESET resources for PDSCH, there may or may not be impact on spectral efficiency of network from early paging indication. 
A UE capable of synchronization based on TRS burst may achieve two-fold power saving benefit, UE not capable of TRS based synchronization may save power at least due to paging PDSCH and PEI being in different frames. This in addition to sub-grouping benefit.
Finally, reusing the Paging DCI for PEI does not require UE capability to detect two DCI format size in Idle mode.
Observation-9: By leveraging reserved bits in Paging DCI, and assuming that gNB must be prepared for transmitting one DCI per PO, 
· PDCCH blocking is not increased. 
· UE needs to support only single DCI format in Idle mode. 
Conclusions 
Regarding the PEI design we had the following observations and proposals:
Observation-1: All candidate signals/channel may coexist with PDSCH, but only TRS and PDCCH can be multiplexed with signal/channel of its own kind.
Observation-2: Based on agreed Observation 2 and 3:
· PDCCH can carry the largest payloads and payload size is scalable by means of padding.
· Overhead per bit is the smallest for PDCCH

Observation-3: There was no support for TRS as TRS for idle UEs to be blind detected, it is unclear why TRS as PEI should be treated differently.

Proposal-1: Support PDCCH as PEI channel.

Observation-4: The fact that UE needs to synchronize to a level to receive only NR PDCCH (i.e. no PDSCH) reduces synchronization requirements and enables reducing number of SSB required to receive PEI. 
Observation-5: PEI should support the case where paging PDSCH is in different frame than paging early indication. 
Observation-6: The paging group size depends on the DRX cycle parameters and the number of the UEs in the tracking area.
Observation-7: The larger the paging groups are the more power is consumed by the UEs in the group
Proposal-2: Support at least 8 sub-groups as recommended by RAN2.
Proposal-3:  If TRS are validated in PEI, a UE expects that TRS are present between PO and PEI in time domain. 
Observation-8: There is always 6bits reserved in a paging DCI. Furthermore, in case 
·  a Short message is not transmitted in the DCI, 8 more bits become reserved.
·  a paging PDSCH is not scheduled by the DCI, 21 more bits become reserved.
Proposal-4: A paging PDCCH for group N contains in addition to R16 paging content for group M:
· One bit to indicate availability/unavailability of TRS for UE-group N,
· up to at least 8 sub-groups of UE-group N using 4 or 8 (when available) bits to indicate which sub-groups of group N are to wake up for upcoming PO
· where location of paging occasion of UE group M is [x] frame before PO of group N.
Observation-9: By leveraging reserved bits in Paging DCI, and assuming that gNB must be prepared for transmitting one DCI per PO, 
· PDCCH blocking is not increased. 
· UE needs to support only single DCI format in Idle mode. 
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Appendix A
Agreement:
Observation 1a:
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


Observation 2a:
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)



Observation 3a:
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
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	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
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	1 PEI for up to 12 PO's
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	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)
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	1 PEI for 1 PO
	Dynamic rate-matching in PDSCH
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	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
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	1 (HW/HiSi)
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	HW/HiSi
	1 PEI for 1 PO
	Semi-static rate-matching in PDSCH
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	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



image1.png
Number of UEs per paging group

Paging group size as a function of #UEs in Tracking Area

1000

900

800

700

600

500

400

300

200

100

200 400 600 800 1000 1200 1400
number of UEs per Tracking Area

14—

—16 +32 ~64 ~128 ~1024





image2.png
UE group paging rate as a function of paging group
size with different individual UE paging rates
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Table 7.3.1.2.1-1: Short Message indicator

Bit field Short Message indicator
00 Reserved
01 Only scheduling information for Paging is present in the DCI
10 Only short message is present in the DCI
11 Both scheduling information for Paging and short message are present in the DCI





