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1 Introduction

In this contribution we analyze the power consumption per DRX cycle by UE in RRC IDLE and RRC INACTIVE.
2 Discussion
Figure 1 illustrates a DRX cycle T. UE measures SSB burst before the paging occasion to perform synchronization and to determine the suitable SSB for paging reception. Paging occasion is located in middle of serving cell/intra frequency SSB measurement and inter frequency measurement window. Paging occasion can be present immediately after SSB burst so that light sleep can be avoided. However, this is not always possible (e.g. when there are multiple paging occasions per paging frame). 
In RRC IDLE/ RRC INACTIVE UE also needs to perform inter frequency measurements. Inter frequency measurement is not performed every DRX cycle. Inter frequency measurement is performed every ‘m’ DRX cycles. In the evaluation m = 0.1 is assumed.
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Figure 1A (with inter frequency measurement)
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Figure 1B (without inter frequency measurement)
Power consumption with inter frequency measurement = (𝑃𝑆𝑆𝐵×𝑇𝑆𝑆𝐵 +𝑃𝑃𝑂×𝑇𝑃𝑂 + 𝑃inter×𝑇inter + 𝑃𝐿𝑆×𝑇𝐿𝑆2 + 𝑃𝐷𝑆×𝑇𝐷𝑆2 + 2×𝐸𝐿𝑆 + 𝐸𝐷𝑆)/T; 𝑇𝐿𝑆2 and 𝑇𝐷𝑆2 are according to figure 1A.
Power consumption without inter frequency measurement = (𝑃𝑆𝑆𝐵×𝑇𝑆𝑆𝐵 +𝑃𝑃𝑂×𝑇𝑃𝑂 + 𝑃𝐿𝑆×𝑇𝐿𝑆1 + 𝑃𝐷𝑆×𝑇𝐷𝑆1 + 𝐸𝐿𝑆 + 𝐸𝐷𝑆) /T; 𝑇𝐿𝑆1 and 𝑇𝐷𝑆1 are according to figure 1B.
Average power consumption per DRX cycle = PNR = m * Power consumption with inter frequency measurement + (1-m) * Power consumption without inter frequency measurement
Power consumption in PO = 𝑃𝑃𝑂 = (1-p) 𝑃PDCCH + p* 𝑃PDSCH

Paging rate per PO = p; It is % of time at least one UE is paged in PO.
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The power values for various processing state are listed in Table 1 (according to UE power model in TR 38.840)

Table 1 Assumption of power model
	Power State
	Relative Power compared to DS

	PDCCH processing, 𝑃PDCCH
	100

	PDCCH+PDSCH processing, 𝑃PDSCH
	300

	SSB Processing, 𝑃𝑆𝑆𝐵
	100

	Light sleep, 𝑃𝐿𝑆
	20

	Deep sleep, 𝑃D𝑆
	1

	Energy Consumption in Light sleep transition, 𝐸𝐿𝑆 
	100

	Energy Consumption in Deep sleep transition 𝐸𝐷𝑆
	450


Table 2 list the various parameters and their values used in energy calculation.

Table 2 Parameters

	
	

	𝑇𝑆𝑆𝐵 = SS burst duration
	0.5ms (no beamforming case); 
2 ms (beamforming case, 4 SSBs for SCS of 15 KHz, 8 SSBs for SCS of 30 KHz)

	SSB periodicity
	20 ms

	m = Inter frequency measurement per DRX cycle
	0.1

	T = DRX cycle length = 1280 ms
	1280 ms

	𝑇𝑃𝑂 = PO duration
	1 ms (no beamforming case); 

4 ms (for beamforming case, 4 SSBs for SCS of 15 KHz, 8 SSBs for SCS of 30 KHz). 1 slot is assumed for PDCCH+PDSCH corresponding to 1 SSB.

	𝑇inter 
	6ms


The % of energy consumption per DRX cycle for various SSB measurements in serving cell, PDCCH/PDSCH monitoring for paging, inter frequency measurements, light sleep and deep sleep is listed in Table 3 and 4. 
Table 3 Distribution of energy consumption in a DRX cycle with no beamforming
	SSB
	Inter Frequency measurement
	PO (PDCCH/PDSCH)
	LS
	DS

	~ 2.2 %
	~ 1.7 %
	~ 2.2 % (for p = 10%)
~ 7 % (for p = 50%)

~ 12 % (for p = 100%)
	17.9 %
	76 %


Note that % of energy consumed in PO increases with increasing paging rate. For paging rate of 100%, % of energy consumed in PO is ~12%, due to increased PDSCH processing.
Table 4 Distribution of energy consumption in a DRX cycle with beamforming
	SSB
	Inter Frequency measurement
	PO (PDCCH/PDSCH)
	LS
	DS

	~ 8 %
	~ 1.5 %
	~ 8 % (for p = 10%)
~ 21 % (for p = 50%)

~ 34 % (for p = 100%)
	14.5 %
	68%


In case of beamforming, SSB burst duration is much larger and hence there is increase in energy consumption for SSB measurements. For paging rate of 100% (i.e. at least one UE is paged in PO every DRX cycle), % of energy consumed in PO is ~32%, due to increased PDSCH processing.
Observation 1:  In case of beamforming, % of power consumed due to SSB measurements and paging monitoring in each DRX cycle is significantly higher than non-beamforming case.

Observation 2: % of power consumed due to PDCCH/PDSCH processing in each DRX cycle increases with increasing paging rate. 

If per UE paging rate per DRX cycle is x %, then the rate that at least one UE is paged in paging occasion per DRX cycle is [1 – (1-x/100)N ] * 100, where N is number of UEs monitoring a paging occasion. If ‘x’ is 10% and N is 50, paging rate per DRX cycle is ~ 100%.

Observation 3: The paging rate per PO ((i.e. at least one UE is paged in PO) increases with increase in number of UEs mapped to a PO and individual UE’s paging rate.
Proposal: RAN2 should discuss mechanisms to minimize PDCCH/PDSCH processing for paging message reception.
3 Conclusion
Observation 1:  In case of beamforming, % of power consumed due to SSB measurements and paging monitoring in each DRX cycle is significantly higher than non-beamforming case.

Observation 2: % of power consumed due to PDCCH/PDSCH processing in each DRX cycle increases with increasing paging rate. 
Observation 3: The paging rate per PO ((i.e. at least one UE is paged in PO) increases with increase in number of UEs mapped to a PO and individual UE’s paging rate.
Proposal: RAN2 should discuss mechanisms to minimize PDCCH/PDSCH processing for paging message reception.
4 References
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