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Introduction
The paper discusses some sub-topics for R19 eNES.

On-demand SIB1 for idle/inactive UEs
In RAN1#117, evaluation results are collected and some observations are drawn.
According to evaluation results and observations, the energy saving gain for NES cell is promising in most cases (e.g., SIB1 periodicity is 20ms or 40ms, SSB and SIB1 PDSCH are TDMed), and the energy saving loss for cell A is trivial in most case (e.g., on-demand SIB1 rate is larger than 30%).
According to WID, whether on-demand SIB1 for idle/inactive UEs enters normative work needs to be confirmed in September RAN plenary.
Therefore, we have the following observation:
Observation 1: According to RAN1 evaluations, the NES gain of on-demand SIB1 for idle/inactive UEs is justified.
Although according to R19 eNES WID [1], whether on-demand SIB1 for idle/inactive UEs enters normative work will be checked in RAN#105, this checkpoint can be done in advance at RAN#104 as RAN1 has finished the evaluation. The earlier to enter into normative work will be benefit to have a robust R19 eNES specification. In addition, solving this issue in RAN#104 can save more time for RAN#105 to discuss other issues. 
	2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Checkpoint for normative work in RAN#105


Proposal 1: Confirm to specify procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, and do the relative revision to R19 eNES WID.

SSB adaptation in time domain
SSB adaptation in time domain was widely discussed in RAN1, but it was controversial that whether SSB periodicity is larger than 20ms is feasible for UEs. If it is not feasible that SSB periodicity is larger than 20ms, SSB adaptation in time domain is meaningless for PCell or cell (re-)selected by idle UEs.
Observation x: If it is not feasible that SSB periodicity is larger than 20ms, SSB adaptation in time domain is meaningless for PCell or cell (re-)selected by idle UEs.
1.1 Impact to legacy UEs
As shown in Appendix-2, we think impact to legacy UEs is trivial.
1.2 Evaluation results in SI
Since RAN1 had agreement that baseline is adaptation of SSB periodicity, we check the following evaluation results in SI shown in Appendix-1. We observe that most cases with promising NES gain have assumptions of zero (empty) or low load. In these cases, we focused on SSB adaptation in a PCell or a cell (re-)selected by idle UEs due to zero or low load. It is not reasonable to assume SCell usage in zero or low load.
Observation 2: In SI evaluations, we focused on SSB adaptation in a PCell or a cell (re-)selected by idle UEs due to zero or low load assumption in most cases with promising NES gain.
1.3 About “greenfield” in SID
In R18 NES SID [2], it mentioned that some techniques can be deployed in “greenfield”, which does not need consider backward compatibility in some cases. 
	Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.


From perspective of commercialization, R19 eNES-capable UEs will be in market for long time, since 5G/6G may coexist for long time, like 4G/5G.
Observation 3: In R18 NES SID, some techniques can be deployed in “greenfield”, which does not need consider backward compatibility in some cases.
1.4 Summary
According to above observations, for R19 eNES WID, we suggest that we should assume some cells only allow R19 eNES-capable UEs to camp on or access, and the according note can be added in WID.
Proposal 2: For R19 eNES WID, a note can be added:  For SSB adaptation in time domain, it does not exclude that some cells only allow R19 eNES-capable UEs to camp on or access.
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We have the following proposals.
Proposal 1: Confirm to specify procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, and do the relative revision to R19 eNES WID.
Proposal 2: For R19 eNES WID, a note can be added:  For SSB adaptation in time domain, it does not exclude that some cells only allow R19 eNES-capable UEs to camp on or access.
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Appendix-1: Evaluations results for adaptation of SSB periodicity
Evaluation results for technique A-1-3 are shown as follow. It can be observed that most cases with promising NES gain have zero (empty) or low load.
Table 6.1.1.2-3: BS energy savings by adapting SSB/SIB1 periodicities
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	UPT/Access delay/latency/UE power consumption, etc. (loss w.r.t. baseline)
	Baseline configuration/assumption/Other notable setting

	CMCC 
[23]
	SSB periodicity 20ms, SIB repetition period 40ms.
	cat.2
	Zero
	13.7%
	
	Baseline: normal SSB/SIB1 transmission, with 20ms repetition period for both.

	
	SSB and SIB1 repetition period 40ms.
	
	
	17.6%
	
	

	
	SSB periodicity 20ms, SIB repetition period 40ms.
	cat.1
	Zero
	25.7%
	
	

	
	SSB and SIB1 repetition period 40ms.
	
	
	28.7%
	
	

	vivo
[10] [20]
	Period adaptation of common signals and channels
(ES scheme: 160ms SSB and SIB1, 160ms RACH listening)
	Cat1
	Zero
	78.8%
	UE power consumption: 0%
	Baseline scheme: 20ms SSB and SIB1, 20ms RACH listening 

	
	
	Cat2
	
	16.6%
	UE power consumption: 0%
	

	NOKIA/NSB
[12]
	SSB/SIB1/RO monitoring period= 160ms
	Cat 2
	Zero, Low, Light, Medium
	48.4%, 44.3%, 43.7%, 39.9%
	UPT: 0 Mbps, 83 Mbps, 70 Mbps, 55 Mbps
	SSB/SIB1/random-access occasion (RO) monitoring periodicity @ 20ms
UEs are initially in RRC_idle state

	
	SSB/SIB1/RO monitoring period= 640ms
	
	Zero, Low, Light, Medium
	53.6%, 49.0%, 48.8%, 46.1%
	UPT: 0 Mbps, 29 Mbps, 27 Mbps, 25 Mbps
	

	
	SSB/SIB1/RO monitoring period= 1280ms
	
	Zero, Low, Light, Medium
	83.6%, 51.3%, 51.7%, 50.6%
	UPT: 0 Mbps, 11.2 Mbps, 11 Mbps, 10.5 Mbps
	

	Spreadtrum
[13]
	Prolonging the periodicity of SSB/SIB1/paging:
1) SSB burst periodicity is 160ms, and SIB1 repetition periodicity is 160ms. 
2) PF periodicity at gNB side is 160ms (T=1280ms, N=8). 
3) gNB can enter light sleep for Cat 1, but can only enter micro sleep for Cat 2.
	Cat 1
	Zero
	Set 1- Set 3: 23.8%, 19.6%, 16.3%
	
	1) SSB burst periodicity is 20ms, and SIB1 repetition periodicity is 20ms. 
2) PF periodicity at gNB side is 20ms (T=1280ms, N=64). 
3) gNB can enter light sleep for Cat 1, but can only enter micro sleep for Cat 2.

	
	
	Cat 2
	
	Set 1- Set 3: 9.3%, 8.3%, 9.4%
	
	

	
	Transmission window of SSB/SIB1/paging:
1) SSB burst periodicity is 20ms, and SIB1 repetition periodicity is 20ms.
2) PF periodicity at gNB side is 20ms (T=1280ms, N=64).
3) gNB can enter light sleep for Cat 1, but can only enter micro sleep for Cat 2.
	Cat 1
	
	Set 1- Set 3: 23.8%, 19.6%, 16.3%
	
	1) The transmission window periodicity is 1280ms, and the transmission window duration is 160ms.
2) SSB burst periodicity is 20ms within the transmission window, and SIB1 repetition periodicity is 20ms within the transmission window.
3) PF periodicity at gNB side is 160ms (T=1280ms, N=8) within the transmission window.
4) gNB can enter light sleep for Cat 1, and can enter both light sleep and micro sleep for Cat 2 (at the tail of the transmission window).

	
	
	Cat 2
	
	Set 1- Set 3: 51.5%, 47.3%, 20.6%
	
	

	Intel
[22]
	Increasing the common channel/signal periodicity
	Cat 1
	Low
	40.1%
	UPT: 819.66 Mbps
Avg EE* (baseline): 5.10
Avg EE (ES scheme): 9.17

	Baseline:
SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 160 msec periodicity.
EE* is defined as cell throughput (in Mbps) / average power consumption (in relative power), and averaged from all BS.

	
	
	
	
	45.0%
	UPT: 819.66 Mbps
Avg EE (baseline): 5.10 
Avg. EE (ES scheme): 10.60
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 640 msec periodicity

	
	
	
	Light
	14.6%
	UPT: 611.45Mbps
Avg EE (baseline): 2.66
Avg. EE (ES scheme): 3.31
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 160 msec periodicity

	
	
	
	
	16.8%
	UPT: 611.45Mbps
Avg EE (baseline): 2.66
Avg. EE (ES scheme): 3.46
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 640 msec periodicity

	
	
	
	Medium
	6.2%
	UPT: 457.92Mbps
Avg EE (baseline): 1.50
Avg. EE (ES scheme): 1.63
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 160 msec periodicity

	
	
	
	
	7.1%
	UPT: 457.92Mbps
Avg EE (baseline): 1.50
Avg. EE (ES scheme): 1.65
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 640 msec periodicity

	
	
	Cat2
	Low
	8.2%
	UPT: 819.66Mbps
Avg EE (baseline): 35.82
Avg. EE (ES scheme): 39.23
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 160 msec periodicity

	
	
	
	
	10.9%
	UPT: 819.66Mbps
Avg EE (baseline): 35.82
Avg. EE (ES scheme): 40.09
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 1280 msec periodicity

	
	
	
	Light
	5.1%
	UPT: 611.45Mbps
Avg EE (baseline): 20.75
Avg. EE (ES scheme): 22.00
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 160 msec periodicity

	
	
	
	
	5.8%
	UPT: 611.45Mbps
Avg EE (baseline): 20.75
Avg. EE (ES scheme): 22.19
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 1280 msec periodicity

	
	
	
	Medium
	3.0%
	UPT: 457.92Mbps
Avg EE (baseline): 12.44
Avg. EE (ES scheme): 12.89
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms
ES scheme: SSB/SIB1/PRACH: 160 msec periodicity

	
	
	
	
	3.4%
	UPT: 457.92Mbps
Avg EE (baseline): 12.44
Avg. EE (ES scheme): 12.96
	Baseline: SSB/PRACH: 20 msec periodicity; SIB periodicity 40ms.
ES scheme: SSB/SIB1/PRACH: 1280 msec periodicity

	CATT
[25]
	Adaptation of common signals and channels
	Cat 1

	Zero load
	10.2%, 72.7%, 84.8%
	
	Baseline: 20ms SSB; 
ES scheme: SSB: 40ms, 80ms, 160ms for each load

	
	
	
	Low load
	3.4%, 18.8%, 19.7%
	
	Baseline: SLS; (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms); SSB periodicity 20ms; CSI-RS/TRS 10ms;
ES scheme: SSB: 40ms, 80ms, 160ms for each load

	
	
	
	Light load
	1.9%, 5.2%, 5.6%
	
	Baseline: SLS; (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms); SSB periodicity 20ms; CSI-RS/TRS 10ms;
ES scheme: SSB: 40ms, 80ms, 160ms for each load

	
	
	
	Medium load
	1.3%, 2.2%, 2.6%
	
	Baseline: SLS; (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms); SSB periodicity 20ms; CSI-RS/TRS 10ms;
ES scheme: SSB: 40ms, 80ms, 160ms for each load

	Fujitsu
[11]
	SSB/SIB1 period= 40ms
	Cat2
	Zero, low, light, medium
	17.9%, 13.7%, 11.1%, 8.6%
	
	Baseline scheme: 20 ms SSB/SIB1 period

	
	SSB/SIB1 period= 80ms
	
	Zero, low, light, medium
	26.8%, 20.6%, 16.7%, 12.8%
	
	

	
	SSB/SIB1 period= 160ms
	
	Zero, low, light, medium
	31.4%, 24.1%, 19.4%, 15.0%
	
	

	
	SSB/SIB1 period= 40ms
	
	Zero, low, light, medium
	18.3%, 12.6%, 9.4%, 6.9%
	
	

	
	SSB/SIB1 period= 80ms
	
	Zero, low, light, medium
	27.4%, 18.8%, 14.1%, 10.4%
	
	

	
	SSB/SIB1 period= 160ms
	
	Zero, low, light, medium
	32.0%, 22.0%, 16.5%, 12.1%
	
	

	Ericsson
[18]
	40ms SSB+SIB1
	Cat1
	Zero
	0.9%
	
	Baseline scheme: 20ms SSB + 160ms SIB1 
ES: one SSB. Energy calculation: per symbol energy consumption is modeled.

	
	80ms SSB+SIB1
	
	
	48.5%
	
	

	
	160ms SSB+SIB1
	
	
	72.6%
	
	

	
	40ms SSB+SIB1
	
	
	-6.2%
	
	Baseline scheme: 20ms SSB + 160ms SIB1 
ES: Four SSBs. Energy calculation: per symbol energy consumption is modeled.

	
	80ms SSB+SIB1
	
	
	43.8%
	
	

	
	160ms SSB+SIB1
	
	
	70.5%
	
	

	Qualcomm
[17]
	Adaptation of Common Signals and Channels
	Category 1
	No Load
	13.9%
	Access delay/latency: additional 20 ms;
UE power consumption increment: 99%
	Note: "SSB period of 40 ms" without any network traffic either in DL or UL. Therefore, there are no statistics for UPT, latency, etc..



Appendix-2: Impact to legacy UEs with SSB adaptation
Appendix-2-1: Whether legacy UEs can support SSB periodicity larger than 20ms
Some issues were raised in RAN1, e.g.
· Issue-1: Legacy UEs cannot perform initial cell selection (i.e. cell search) with SSB periodicity larger than 20ms, since 20ms is default SSB periodicity in TS 38.213.
· Issue-2: Legacy UEs cannot camp on or be served by PCell with SSB periodicity larger than 20ms.
For Issue-1, 20ms is just default SSB periodicity, which can be regarded as typical periodicity in real deployment. However, it does not mean UE cannot perform cell search with SSB periodicity larger than 20ms. According to specs, UE should follow spec to support all possible SSB periodicities. Of course, the latency may be larger.
Observation 4: Legacy UEs can perform cell search with SSB periodicity larger than 20ms, but the latency may be larger.
For Issue-2, 20ms is default SSB periodicity, but it does not mean that UE cannot camp on a cell or be served by a PCell with SSB periodicity larger than 20ms. Of course, the mobility and the performance may be impacted.
Observation 5: Legacy UEs can camp on a cell or be served by a PCell with SSB periodicity larger than 20ms, but the mobility and performance may be impacted.

Appendix-2-1: Trivial negative impact to legacy UEs
In R19 eNES WID [1], it is mentioned that 
	Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown


According to above observations, for PCell or standalone cell, legacy UEs may be impacted by SSB periodicity larger than 20ms. However, in SI evaluation, empty or low load was widely assumed in companies’ evaluations. In empty of low load case, network have some compensation for the connected UEs, e.g. low MCS, so the negative impact to legacy UEs may be trivial.
Observation 6: In empty of low load case, the negative impact to legacy UEs may be trivial.

