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Introduction
In RAN1#104-e there has not been a real progress with PEI design, instead further unification of simulation assumptions has been agreed to facilitate the decision on type of signal carrying PEI. Main candidates for PEI signal/channel are 
· PDCCH
· TRS
· SSS

In this contribution we provide our view on PEI design. 
Discussion on type of the signal
There are two main power saving mechanism related to PEI in addition to sub-grouping.
· Reduction of SSBs necessary for synchronization before a paging occasion 
· Early paging indication in different slot than Paging PDSCH
Reduction of SSBs before PO
First gaining mechanism is based on assumptions that a TRS burst following the SSB could be used to reduce time needed to synchronize before paging occasion. For example, reducing wake up time before PO from up to three SSB to a single SSB cycle. Synchronization based on TRS has been discussed (in context of Scell activation) in [1]. RAN4 LS to RAN1 says that a UE measuring Scell less frequent than 160ms can gain synchronization for an Scell by receiving two consecutive bursts of 2-slot TRS (i.e. 4-symbols of TRS), this irrespective of SNR and given that Scell is known. Therefore, we suggest sending a LS to RAN4, asking whether SSB + one 2-slot TRS burst could be sufficient for a UE to synchronize before paging occasion irrespective of UE’s SNR condition. 
Proposal-1: Send an LS to RAN4 asking whether SSB followed by 2-slot TRS burst (4 symbols of TRS) would be sufficient for a UE to synchronize to a degree to receive paging PDCCH and/or paging PDSCH. 
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. 
Proposal-2: PEI design supports 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, i.e., max{reference power * 0.4, 50}.


Synchronization based on TRS
The next issue is a chicken-egg problem, i.e. whether UE obtains first an early paging indication or synchronization. This would be easily resolve if idle TRS could be an early paging indication (blind detected) and at the same time could be used for synchronization. However, it has been agreed in RAN1#104 that presence of TRS is explicitly informed to a UE. Therefore, it is clear that idle TRS cannot be the PEI itself. 
An alternative seems to be a gNB informing the presence of TRS for early paging indication of current paging event in the paging DCI or PEI of the previous paging event (i.e. in previous DRX cycle). If low SNR UE misses such indication it would have to wake up X SSBs before PEI or PO instead, which is the legacy behavior, anyhow.
Proposal-3: TRS presence for the current paging event is indicated in paging DCI and PEI of the previous paging event, that is one DRX cycle before. 
Signaling details 
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-1: There is always 6bit 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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When it comes to design itself, we think that an early paging indication for the UE-group N of current paging occasion should 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:
· One bit to indicate presence of TRS burst for next paging occasion of UE-group N (assuming default DRX period T)
· One bit to indicate presence of TRS burst for next paging occasion of UE-group M (assuming default DRX period T)
· 8 sub-groups of UE-group M using 4 or 8 (when available) bit resolution to indicate early-paging indication.
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:
· One bit to indicate presence of TRS burst for next paging cycle of UE-group N (assuming default DRX period T),
· One bit to indicate presence of TRS burst for next paging cycle of UE-group M (assuming default DRX period T) and
· 8 sub-groups of UE-group M using 4 or 8 (when available) bit resolution to indicate early-paging indication,
· where location of paging occasion of UE group M is [x] frames earlier.
Power consumption of synchronization based on TRS
Assuming that UE receives a PEI or Paging DCI in the previous paging cycle and given the above signalling scheme, we have counted an average power consumption during the paging event for legacy and R17 UE. The computation for a particular example is shown in Appendix, and for that particular case, power consumption per PO is reduced to 82% for low SNR users.
Observation-2: R17 low SNR UEs, capable of TRS-based synchronization, may consume 82% of power per PO, compared to their R16 predecessors.
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.
Observation-3: 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. PDCCH overhead increases depending on gNB/UEs capability of advanced rate-matching schemes. 
Conclusions 
Proposal-1: Send an LS to RAN4 asking whether SSB followed by 2-slot TRS burst (4 symbols of TRS) would be sufficient for a UE to synchronize to a degree to receive paging PDCCH and/or paging PDSCH. 
Proposal-2: PEI design supports the case where paging PDSCH is in different frame than paging early indication. 
Proposal-3: TRS presence for the current paging event is indicated in paging DCI and PEI of the previous paging event, that is one DRX cycle before. 
Observation-1: There is always 6bit 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 content:
· One bit to indicate presence of TRS burst for next paging cycle of UE-group N (assuming default DRX period T),
· One bit to indicate presence of TRS burst for next paging cycle of UE-group M (assuming default DRX period T) and
· 8 sub-groups of UE-group M using 4 or 8 (when available) bit resolution to indicate early-paging indication,
· where location of paging occasion of UE group M is [x] frames earlier.
Observation-2: R17 low SNR UEs, capable of TRS-based synchronization, may consume 82% of power per PO, compared to their R16 predecessors.
Observation-3: 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. PDCCH overhead increases depending on gNB/UEs capability of advanced rate-matching schemes. 
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Appendix
Figure 1 shows and example of R16 (upper rows) and R17 (lower rows) of a low-SNR UE, and their power consumption during one PO. Assumptions are the following
· SSB periodicity 20ms
· Single PO per frame
· PEI frame is two frames ahead of PO frame
· SCS=15kHz
In case of R17 UE, in slots 60 and 61, it is assumed that 90% of time UE is in sleep (20*0.9=18) and 10% of time UE receives paging (120*0.1=12). In SMTC, UEs peform neighbour cell search and measurements during 5ms. Low-SNR R17 UE consumes 2906/3531=82% of power of low-SNR R16 UE during each paging cycle.
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Figure 1 Example of R16 and R17 power consumption per PO
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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
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PDSCH+PDCCH 120 120

PDCCH

RRM 50 50 50 50 50 50 150 150 150 150 150 3531

R17 UE

Light/Micro/Deep sleep 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45 45 45 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 18 18 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 1

Transition 100 100 10 450

PDSCH+PDCCH 12 12

PDCCH 50 50

RRM 50 50 50 50 150 150 150 150 150 2906
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