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Introduction
A work item on UE Power Saving Enhancements for NR was approved in RAN#86 (Dec 2019, RP-193239), and the WID was further updated in RP-200938 (RAN#88, June 2020) [1]. One objective is about paging enhancements for idle/inactive-mode UEs:
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
In RAN1#103-e, it was agreed to support paging early indication.
Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 

In this contribution, we provide our views on the detailed design of paging early indication.
Paging Early Indication Design
There are different options for the physical channel/signal to carry paging early indication (PEI), such as PDCCH, SSS, TRS, or CSI-RS. One design question is whether we use an on-off design (transmitted only if it is positive) or require the PEI (positive or negative) to be always transmitted.
Using on-off design means that PEI is transmitted only if there is paging. Given that the typical group paging rate is low (e.g. 10% as assumed in the evaluation), it means that PEI is transmitted with a small probability in typical cases. From resource overhead perspective, the question is whether the resources can be used by other channels when PEI is not transmitted. Given that Rel-15 already defines a comprehensive rate matching mechanism, it can be used to handle the PDCCH/TRS/CSI-RS already. Therefore, the on-off design should result in less overhead than the always-transmitted signal.
Following the on-off design, PEI is not transmitted if the UE does not need to monitor the PO. So if the UE does not detect any PEI, it does not monitor the paging occasion.
Proposal 1: Paging early indication is transmitted if the UE needs to monitor the paging occasion. If paging early indication is not detected by the UE, the UE does not monitor the paging occasion.
· FFS exact conditions when the UE needs to monitor the paging occasion if paging early indication is detected (e.g. sub-grouping indication, SI update, ETWS indication)
Regarding the different channel/signal to carry PEI, the high-level comparison is provided in Table 1.
	
	PDCCH
	Sequence-based (TRS, CSI-RS, SSS-like)

	Resource overhead
	AL 8 = 576 REs
	TRS: 48 RBs x 6 = 288 REs (2 symbols in 1 slot)
SSS: 127 REs with 1 symbol (or 254 REs with 2 symbols)

	Decoding/Detection Performance
	More sensitive to frequency offset
	Less sensitive to frequency offset compared to PDCCH

	Ability to carry additional info
	Easy to carry other info, such as sub-group indication, SI update, ETWS notification.
	More challenging to carry additional info, would need to use multiple sequences.

	Power consumption
	
	Using multiple symbols can assist in frequency sync, which saves power with less SSB detection.



In terms of performance, it is a tradeoff with resource overhead. Given similar overhead, all these options should be able to provide sufficient reliability not to impact overall paging performance.
The power saving gain should be the most important metric here in our view. Comparing PDCCH-based and sequence-based solutions, sequence-based solution can potentially achieve more power saving due to the following two reasons:
· Sequence detection itself is easier compared to PDCCH decoding, which should consume less power in baseband processing.
· If the sequence is further used for time/frequency tracking, it reduces the number of SSBs needed to achieve the required time/frequency synchronization accuracy. This also saves UE power.
There is no agreed power modeling for sequence-based solution. Companies generally assume that PDCCH and sequence consume the same power, which may not reflect the reality. Moreover, given that we currently assume the power consumption of 45 for micro-sleep and 50 for PDCCH-only (the difference could be rather small compared to the real UE power consumption), there is not much room in between even if we introduce additional assumption for sequence-based solution to account for the fact that it consumes less power than PDCCH. This in some sense is the shortcoming of the agreed power model, and it does not allow the sequence-based solution to be evaluated properly. On the other hand, it may be unrealistic to refine the power model at this point.
Given that all the other aspects are more or less similar between the two types of solutions (except that it is easier for PDCCH to carry more information), we think sequence-based solution should be prioritized given the power saving potential mentioned above.
Proposal 2: Consider the use of sequence-based solution (e.g. SSS-like) for paging early indication.
Conclusion
In this contribution, we evaluated the power saving gain for different paging enhancements, and made the following observations and proposal:
Proposal 1: Paging early indication is transmitted if the UE needs to monitor the paging occasion. If paging early indication is not detected by the UE, the UE does not monitor the paging occasion.
· FFS exact conditions when the UE needs to monitor the paging occasion if paging early indication is detected (e.g. sub-grouping indication, SI update, ETWS indication)
Proposal 2: Consider the use of sequence-based solution (e.g. SSS-like) for paging early indication.
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Appendix A: Evaluation Assumptions
	Parameter
	Value

	SCS
	30 kHz

	Paging cycle
	1.28 sec

	Group paging rate
	10% unless specified otherwise

	SSB periodicity
	20 ms

	SSB duration
	2 ms (for time/frequency tracking and serving cell measurement)

	Intra-frequency RRM measurement
	Assumes synchronized deployment, 20 ms SMTC periodicity, 2ms SMTC window that overlaps with serving cell SSB

	Inter-frequency RRM measurement
	5 ms SMTC window and 6 ms measurement gap

	PO duration
	2 ms



Appendix B: Power Consumption Model
	Power State
	Relative Power (per slot)

	Deep sleep
	1

	Light sleep
	20

	Micro sleep
	45

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	PDSCH-only
	112

	SSB/CSI-RS processing
	50

	Intra-frequency RRM measurement
	60 for measurement only, 80 for combined search and measurement (synchronous)
Probability for intra-frequency cell search = ¼

	Inter-frequency RRM measurement
	60 for measurement only, 60 for neighbor cell search
Probability for inter-frequency cell search = ¼
Micro sleep power assumed for switch in/out a frequency layer



