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Introduction
This summary contains simulation results submitted to RAN1#111 meeting for the study of network energy savings for NR (referring to a template for collection of companies input, in Template_NW_EnSav_v19_Samsung_CEWiT.xlsx), and provides observations/conclusion for discussion and decision. To ease the TR work, the document uses the same structure as (draft) TR 38.864 (v0.4.0). Note, since the summary is not intended for email discussion, companies are not required to have input for the draft Tables/Texts/Observations.
Companies can search ‘draftTP’ for the relevant draft TPs.
[bookmark: _GoBack]6	Techniques to improve network energy savings
Editor's note: simulation results to be captured under this section.
Editor's note: RAN2 and RAN3 related aspect to be provided by using separate sections like 6.X when applicable.
=== draftTP0: start ===
Various techniques in time, frequency, spatial and power domains are studied. Companies’ simulation results as well as evaluation assumption details are gathered in [ref.]. In this document, results as well as some notable assumptions and setting are explicitly present in relevant tables. Also, the categorization of techniques in terms of technical domain and results presentation/tabulation are for study/evaluation purpose. This does not preclude to further merge or combine certain techniques.
=== end ===
FL: when checking the simulation results, it appears to be quite challenging to capture all the details reported from companies. FL considers it might be sufficient from study point of view to capture the critical results and notable settings/evaluation assumptions while leave other detailed referable from the excel or companies’ contributions. Therefore, for different schemes, the table may show differently. Company can request to clarify/add details for some results into corresponding tables.
Also, the numbering of techniques, i.e. A-1, A-3, A-4 etc. shall be re-ordered when capturing into TR in consecutive order. For discussion purpose the current TP use the same numbering as those in FL summary of agenda item 9.7.2.
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6.1	Techniques in time domain
6.1.1	Technique A-1 Adapting transmission/reception of common channels/signals
6.1.1.1	Description of technique
6.1.1.2	Analysis of performance and impacts
===draftTP A-1-1: start ===
The following table captures the simulation results for the schemes that use simplified version of SSB, such as only PSS or only PSS and SSS without PBCH, or PSS and SSS with partial PBCH.
Table 6.1.1-x: BS energy savings by simplified SSB
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	UPT/access delay/latency/UE power consumption
	Reference configuration
	Baseline configuration/assumption

	CMCC
[R1-2211692]
	SSB and SIB1 repetition period 40ms, for other 20ms occasions, only PSS and SSS are transmitted.
	cat.2
	Zero
	15.7%
	/
	Set 1
	Baseline: normal SSB/SIB1 transmission, with 20ms repetition period for both.

	
	SSB and SIB1 repetition period 40ms, for other 20ms occasions, only PSS and SSS are transmitted.
	cat.1
	Zero
	28.3%
	/
	
	Baseline: normal SSB/SIB1 transmission, with 20ms repetition period for both.

	vivo
[R1-2211018,
R1-2212541]
	SSB structure adaptation including light SSB
(ES scheme: 20ms light-SSB and SIB1, 20ms RACH listening
only PSS and SSS for light-SSB)
	Cat1
	Zero
	0.9%
	0%
	Set 1
	Baseline scheme: 20ms SSB and SIB1, 20ms RACH listening

	
	SSB structure adaptation including light SSB
(ES scheme: 160ms light-SSB, 20ms UEWUS listening
only PSS and SSS for light-SSB)
	Cat1
	Zero
	1.2%
	0%
	Set 1
	Baseline scheme: 160ms SSB, 20ms UEWUS listening

	
	SSB structure adaptation including light SSB
(ES scheme: 160ms light-SSB, 80ms UEWUS listening
only PSS and SSS for light-SSB)
	Cat1
	Zero
	2.4%
	0%
	
	Baseline scheme: 160ms SSB, 80ms UEWUS listening

	
	SSB structure adaptation including light SSB
(ES scheme: 160ms light-SSB, 160ms UEWUS listening
only PSS and SSS for light-SSB)
	Cat1
	Zero
	4.4%
	0%
	
	Baseline scheme: 160ms SSB, 160ms UEWUS listening

	
	SSB structure adaptation including light SSB
(ES scheme: 20ms light-SSB and SIB1, 20ms RACH listening
only PSS and SSS for light-SSB)
	Cat2
	Zero
	0.7%
	0%
	
	Baseline scheme: 20ms SSB and SIB1, 20ms RACH listening

	
	SSB structure adaptation including light SSB
(ES scheme: 160ms light-SSB, 20 UEWUS listening
only PSS and SSS for light-SSB)
	Cat2
	Zero
	0.8%
	0%
	
	Baseline scheme: 160ms SSB, 20ms UEWUS listening

	
	SSB structure adaptation including light SSB
(ES scheme: 160ms light-SSB, 80ms UEWUS listening
only PSS and SSS for light-SSB)
	Cat2
	Zero
	0.8%
	0%
	
	Baseline scheme: 160ms SSB, 80ms UEWUS listening

	
	SSB structure adaptation including light SSB
(ES scheme: 160ms light-SSB, 160ms UEWUS listening
only PSS and SSS for light-SSB)
	Cat2
	Zero
	0.8%
	0%
	
	Baseline scheme: 160ms SSB, 160ms UEWUS listening

	Qualcomm
[R1-2212128]
	Wake up of gNB triggered by UE wake up signal (WUS)
	Category 1
	No Load
	18.7%
	　
	FR2 Set 3
	"light SSB" combined with UL WUS and on demand SIB 1

	CEWiT
[R1-2212429]
	simplified SSB with repetition period 20ms, only PSS and SSS with partial PBCH are transmitted in simplified SSB
	Cat.1
	Zero
	2.4%
	
	Set 1
	Baseline: normal SSB/SIB1 transmission, with 20ms repetition period for both.



Based on the simulation results, at empty load, two companies (CMCC, Qualcomm) show that light version of SSB can achieve energy saving by 15.7%~28.3%, depending on the baseline SSB/SIB1 periodicity and possibly combined with WUS triggering on demand SIB1. One company (vivo) show that the gain ranges from 0.8% to 4.4%, which slightly increases as the listening periodicity of WUS from UE becomes larger.
On UPT/access delay/latency, []
On UE power consumption, no negative impact is observed.
=== end ===
FL: Companies are invited to comment on:
· What to be additionally added?
· What results you consider needs clarifications?
· Revisions on observations (the texts right below the table)
Same questions apply to all other tables/texts.
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=== draftTP A-1-3: start ===
The following table captures the simulation results for the schemes by which transmission occasion of one or more common signals/channels, which is SIB1 and SSB based on the submitted results, can be skipped.
Table 6.1.1-x: BS energy savings by skipping one or more common signals/channels
	Company
	ES scheme
	Load scenario
	ES gain (%)
	
	BS Category/Reference configuration/Baseline configuration/assumption
	Other evaluation methodology/assumption details/other performance impact

	OPPO
[R1-2211458]
	Transmission occasion of SIB1 with 24 RBs for 20 ms periodicity is skipped
	low load(RU-10%)
	2.6%
	Cat 1
Set 1
SIB1 with 24 RBs for 20 ms periodicity, SSB with 20 RBs for 20 ms periodicity

	SLS
FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time)
UPT/Access delay/Latency: almost similar with the baseline

	
	
	low load(RU-0.2%)
	3.9%
	
	SLS
IM (0.1MB as packet size, 2s as mean inter-arrival time)
UPT/Access delay/Latency: almost similar with the baseline

	Samsung
[R1-2212056]
	the number of SSB adaptation
	Medium load: 42 % RU
	1.9%, 2.8%, 3.3%
	Cat 1
Set 1
8 SSBs for FR1 and ssb-periodicity = 20
	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	3.1%, 6.1%, 7.6%
	
	

	
	
	Low load: 7.5 % RU
	5.5%, 11.0%, 13.8%
	
	

	
	
	Low load: 2 % RU
	7.2%, 14.3%, 17.9%
	
	

	
	
	Medium load: 42 % RU
	2.0%, 3.0%, 3.5%
	Cat 2
Set 1
8 SSBs for FR1 and ssb-periodicity = 20
	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	2.8%, 4.2%, 4.9%
	
	

	
	
	Low load: 7.5 % RU
	4.4%, 6.6%, 7.7%
	
	

	
	
	Low load: 2 % RU
	5.3%, 7.9%, 9.2%
	
	

	
	
	Medium load: 42 % RU
	3.3%, 5.0%, 5.8%, 6.3%, 6.5%, 6.6%
	Cat 1
Set 3
64 SSBs for FR2 and ssb-periodicity = 20

	FTP3 Model. For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	4.3%, 17.6%, 19.5%, 20.5%, 21.0%, 21.3%
	
	

	
	
	Low load: 7.5 % RU
	7.1%, 13.6%, 16.9%, 18.5%, 19.3%, 19.7%
	
	

	
	
	Low load: 2 % RU
	8.3%, 15.9%, 19.7%, 21.6%, 22.6%, 23.0%
	
	

	
	
	Medium load: 42 % RU
	4.0%, 5.9%, 6.9%, 7.4%, 7.7%, 7.8%
	Cat 2
Set 3
64 SSBs for FR2 and ssb-periodicity = 20

	FTP3 Model. For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	5.4%, 8.1%, 9.5%, 10.2%, 10.5%, 10.7%
	
	

	
	
	Low load: 7.5 % RU
	8.2%, 12.2%, 14.3%, 15.3%, 15.8%, 16.1%
	
	

	
	
	Low load: 2 % RU
	9.6%, 14.4%, 16.8%, 18.0%, 18.6%, 18.9%
	
	

	
	
	Medium load: 42 % RU
	1.1%, 2.2%, 2.7%
	Cat 1
Set 1
8 SSBs for FR1 and ssb-periodicity = 40

	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	1.6%, 3.2%, 4.0%
	
	

	
	
	Low load: 7.5 % RU
	3.1%, 6.1%, 7.7%
	
	

	
	
	Low load: 2 % RU
	4.2%, 8.3%, 10.3%
	
	

	
	
	Medium load: 42 % RU
	1.0%, 1.6%, 1.8%
	Cat 2
Set 1
8 SSBs for FR1 and ssb-periodicity = 40

	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	1.5%, 2.2%, 2.5%
	
	

	
	
	Low load: 7.5 % RU
	2.3%, 3.5%, 4.0%
	
	

	
	
	Low load: 2 % RU
	2.8%, 4.2%, 4.9%
	
	

	
	
	Medium load: 42 % RU
	1.9%, 3.6%, 4.4%, 4.8%, 5.0%, 5.2%
	Cat 1
Set 3
64 SSBs for FR2 and ssb-periodicity = 40

	FTP3 Model. For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	2.6%, 5.0%, 6.1%, 6.7%, 7.0%, 7.2%
	
	

	
	
	Low load: 7.5 % RU
	4.0%, 7.6%, 9.4%, 10.4%, 10.8%, 11.0%
	
	

	
	
	Low load: 2 % RU
	4.8%, 9.2%, 11.4%, 12.5%, 13.1%, 13.3%
	
	

	
	
	Medium load: 42 % RU
	2.1%, 3.1%, 3.6%, 3.9%, 4.0%, 4.1%
	Cat 2
Set 3
64 SSBs for FR2 and ssb-periodicity = 40
	FTP3 Model. For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	2.9%, 4.3%, 5.1%, 5.4%, 5.6%, 5.7%
	
	

	
	
	Low load: 7.5 % RU
	4.4%, 6.7%, 7.8%, 8.3%, 8.6%, 8.8%
	
	

	
	
	Low load: 2 % RU
	5.4%, 8.1%, 9.4%, 10.1%, 10.4%, 10.6%
	
	

	
	
	Medium load: 42 % RU
	0.6%, 1.1%, 1.4%
	Cat 1
Set 1
8 SSBs for FR1 and ssb-periodicity = 80

	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	1.0%, 2.3%, 3.0%
	
	

	
	
	Low load: 7.5 % RU
	2.5%, 5.9%, 7.6%
	
	

	
	
	Low load: 2 % RU
	4.5%, 10.7%, 13.8%
	
	

	
	
	Medium load: 42 % RU
	0.5%, 0.8%, 0.9%
	Cat 2
Set 1
8 SSBs for FR1 and ssb-periodicity = 80

	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	0.7%, 1.1%, 1.3%
	
	

	
	
	Low load: 7.5 % RU
	1.2%, 1.8%, 2.1%
	
	

	
	
	Low load: 2 % RU
	1.4%, 2.1%, 2.5%
	
	

	
	
	Medium load: 42 % RU
	1.0%, 1.8%, 2.3%, 2.5%, 2.6%, 2.6%
	Cat 1
Set 3
64 SSBs for FR2 and ssb-periodicity = 80

	FTP3 Model. For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	1.3%, 2.6%, 3.2%, 3.5%, 3.7%, 3.7%
	
	

	
	
	Low load: 7.5 % RU
	2.1%, 4.1%, 5.0%, 5.5%, 5.8%, 5.9%
	
	

	
	
	Low load: 2 % RU
	2.6%, 5.0%, 6.2%, 6.8%, 7.1%, 7.2%
	
	

	
	
	Medium load: 42 % RU
	1.1%, 1.6%, 1.8%, 2.0%, 2.0%, 2.1%
	Cat 2
Set 3
64 SSBs for FR2 and ssb-periodicity = 80
	FTP3 Model. For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	1.5%, 2.2%, 2.6%, 2.8%, 2.9%, 2.9%
	
	

	
	
	Low load: 7.5 % RU
	2.3%, 3.5%, 4.1%, 4.4%, 4.5%, 4.6%
	
	

	
	
	Low load: 2 % RU
	2.9%, 4.3%, 5.0%, 5.4%, 5.5%, 5.6%
	
	

	
	
	Medium load: 42 % RU
	0.3%, 0.6%, 0.7%
	Cat 1
Set 1
8 SSBs for FR1 and ssb-periodicity = 160

	FTP3 Model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	0.5%, 1.3%, 1.6%
	
	

	
	
	Low load: 7.5 % RU
	1.5%, 3.5%, 4.5%
	
	

	
	
	Low load: 2 % RU
	3.3%, 7.8%, 10.1%
	
	

	
	
	Medium load: 42 % RU
	0.3%, 0.4%, 0.5%
	Cat 2
Set 1
8 SSBs for FR1 and ssb-periodicity = 160

	FTP3 model. For each load, reduced the number of SSB transmissions: 4, 2, 1

	
	
	Light load: 24 % RU
	0.4%, 0.6%, 0.7%
	
	

	
	
	Low load: 7.5 % RU
	0.6%, 0.9%, 1.0%
	
	

	
	
	Low load: 2 % RU
	0.7%, 1.1%, 1.3%
	
	

	
	
	Medium load: 42 % RU
	0.5%, 0.9%, 1.1%, 1.3%, 1.3%, 1.3%
	Cat 1
Set 3
64 SSBs for FR2 and ssb-periodicity = 160

	FTP3 model.
For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	0.7%, 1.3%, 1.6%, 1.8%, 1.9%, 1.9%
	
	

	
	
	Low load: 7.5 % RU
	2.6%, 7.1%, 9.3%, 10.4%, 11.0%, 11.2%
	
	

	
	
	Low load: 2 % RU
	6.0%, 16.0%, 21.0%, 23.5%, 24.8%, 25.4%
	
	

	
	
	Medium load: 42 % RU
	0.5%, 0.8%, 0.9%, 1.0%, 1.0%, 1.1%
	Cat 2
Set 3
64 SSBs for FR2 and ssb-periodicity = 160
	FTP3 model.
For each load, reduced the number of SSB transmissions: 32, 16, 8, 4, 2, 1

	
	
	Light load: 24 % RU
	0.8%, 1.1%, 1.3%, 1.4%, 1.5%, 1.5%
	
	

	
	
	Low load: 7.5 % RU
	1.2%, 1.8%, 2.1%, 2.2%, 2.3%, 2.3%
	
	

	
	
	Low load: 2 % RU
	1.5%, 2.2%, 2.6%, 2.8%, 2.8%, 2.9%
	
	



Based on the results, it is observed that
· skipping certain SIB1 transmission occasions under Set 1 reference configuration for BS Category 1 can achieve energy saving gain by 2.6%~3.9% compared to the baseline of 20 ms SSB&SIB1 repetition periodicity at low load; 
· adaptation of number of SSB can achieve energy saving gain by 0.3%~25.4% at different scenarios with FTP3 model. The gain generally increases when the traffic load becomes lighter while decreases as the SSB periodicity becomes larger. For a same traffic load and SSB periodicity, the gain increases as the number of SSB can be reduced. For FR2 with larger number of SSB for baseline, there is generally larger gain observed than FR1.
On UPT/access delay/latency,
· skipping SIB1 transmission does not observed negative impact.
On UE power consumption, [].
=== end ===
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=== draftTP A-1-5: start ===
The following show the BS energy savings by configuration/adaptation of longer periodicity of common signals and/or uplink random access opportunities.
Table 6.1.1-x: 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.
	Baseline configuration/assumption/Other notable setting

	CMCC 
[R1-2211692]
	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
[R1-2211018,
R1-2212541]
	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
[R1-2211097]
	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
[R1-2211241]
	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
[R1-2211410]
	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
[R1-2211210]
	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
[R1-2211085]
	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
[R1-2212154]
	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
[R1-2212128]
	Adaptation of Common Signals and Channels
	Category 1
	No Load
	13.9%
	Access delay/latency: 20 ms;
UE power consumption: 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..



Based on the results, it can be observed that longer SSB/SIB periodicity can bring BS with significant energy savings in most cases, compared to a selected baseline, for both BS Categories, under all reference configurations. When other configurations/settings are the same, the saving gain generally increase as the periodicity becomes larger, and decrease as the traffic load increases or the number of SSBs increases. Particularly, there are two companies providing results (Nokia, Intel) with SSB periodicity larger than 160ms which is the maximum value that is currently supported, i.e., being 640ms and 1280ms, and observed that together with longer SIB1/RACH/RO monitoring periodicities, then depending on the traffic load, the BS energy saving gain can be 53.6%~7.1% and 83.6%~3.4%, respectively, compared to a baseline with 20ms SSB periodicity.
The scheme does not affect the UPT for empty load case. When traffic occurs and load increases, the UPT also significantly decreases. The latency/access delay increases proportionally as the periodicity of SSB/SIB increases compared to a corresponding baseline. 
The UE power consumption is [also negatively impacted].
=== end ===
	Company
	Comments

	
	

	
	

	
	



=== draftTP A-1-7: start ===
The following show the BS energy savings by configuration/adaptation of transmission patterns of common signals, i.e. Paging or SSB based on the submitted results.
Table 6.1.1-x: BS energy savings by adapting Paging/SSB transmission patterns
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	UPT/access delay/latency/UE power consumption
	Reference configuration
	Baseline configuration/assumption
	Other evaluation methodology/assumption details/notable settings

	Intel
[R1-2211410]
	Enhanced Paging by increasing the number of consecutive POs within a PF by factor of M while reducing PF density by a factor of M. This keeps the total number of POs same within the DRX cycle.
	Cat1
	Zero, Paging load 2%
	21.2%
	　
	Set 1
	Paging Parameters:
N = T/4;
Ns = 4;
Enh. Paging†:
N = T/4; 
Ns = 4; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 80 msec periodicity;
Number of SSB: 1

	
	
	
	Zero, Paging load 0.2%
	4.0%
	　
	
	Paging Parameters:
N = T/16;
Ns = 2;
Enh. Paging†:
N = T/16;
Ns = 2; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 80 msec periodicity;
Number of SSB: 1

	
	
	
	Zero, Paging load 2%
	42.3%
	　
	
	Paging Parameters:
N = T/4;
Ns = 4;
Enh. Paging†:
N = T/4; 
Ns = 4; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 1;

	
	
	
	Zero, Paging load 0.2%
	6.7%
	　
	
	Paging Parameters:
N = T/16;
Ns = 2;
Enh. Paging†:
N = T/16;
Ns = 2; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 1;

	
	
	
	Zero, Paging load 3.6%
	18.9%
	　
	
	Paging Parameters:
N = T/4;
Ns = 4;
Enh. Paging†:
N = T/4; 
Ns = 4; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 80 msec periodicity;
Number of SSB: 4;
SSB and SIB1 contained in same slot. 1 SSB per slot along with SIB1 to maximize SSB/SIB1 packing;

	
	
	
	Zero, Paging load 0.5%
	0.2%
	　
	
	Paging Parameters:
N = T/16;
Ns = 2;
Enh. Paging†:
N = T/16;
Ns = 2; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 80 msec periodicity;
Number of SSB: 4;
SSB and SIB1 contained in same slot. 1 SSB per slot along with SIB1 to maximize SSB/SIB1 packing;

	
	
	
	Zero, Paging load 3.6%
	26.4%
	　
	
	Paging Parameters:
N = T/4;
Ns = 4;
Enh. Paging†:
N = T/4; 
Ns = 4; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 4;
SSB and SIB1 contained in same slot. 1 SSB per slot along with SIB1 to maximize SSB/SIB1 packing;

	
	
	
	Zero, Paging load 0.5%
	0.3%
	　
	
	Paging Parameters:
N = T/16;
Ns = 2;
Enh. Paging†:
N = T/16;
Ns = 2; M = 4
	No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 4;
SSB and SIB1 contained in same slot. 1 SSB per slot along with SIB1 to maximize SSB/SIB1 packing;

	Qualcomm
[R1-2212128]
	Adaptation of Common Signals and Channels
	Category 1
	No Load
	10.3%
	UE power consumption: -4%
	FR2 Set 3
	　
	"Compact SSB" without any network traffic either in DL or UL. Therefore, there are no statistics for UPT, latency, etc..



Based on the results, it is observed that by adapting the transmission patterns of common signals of paging or SSB, the total PO or SSB periodicity is kept and BS energy saving can be achieved by 0.3%~42.3% for Paging adaptation and by 10.3% for SSB adaptation, respectively, both for BS category 1 and at empty load case. The gain generally increases as paging load increases or SSB/SIB/PRACH periodicity increases, but decreases when the number of SSB increases.
On UPT/access delay/latency, []
On UE power consumption, adaptation of SSB has negative impact.
=== end ===
	Company
	Comments

	
	

	
	

	
	



=== draftTP A-1-8: start ===
The following show the BS energy savings by dynamically adapting common signals, i.e. RACH based on the submitted results.
Table 6.1.1-x: BS energy savings by dynamically adapting RACH periodicity/occasions
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	UPT/access delay/latency/UE power consumption
	Reference configuration
	Baseline configuration/assumption/notable settings
	Other evaluation methodology/assumption details

	Ericsson
[R1-2212154]
	PRACH periodicity= 20ms
	Cat1

	Zero
	14.4%
	Access delay/latency: 10ms increase
	Set 1
	Baseline scheme: 20 ms SSB, 40ms SIB1 period, 10ms PRACH periodicity.
Per symbol energy consumption is modeled.
ES scheme: adapting PRACH periodicity for energy efficiency via dynamic PRACH occasions adaptation. Note separate evaluation performed for different PRACH periodicities (i.e. no switching between these settings).
	1 SSB 

	
	PRACH periodicity= 40ms
	
	
	20.9%
	Access delay/latency: 30ms increase
	
	
	

	
	PRACH periodicity= 80ms
	
	
	22.2%
	Access delay/latency: 70ms increase
	
	
	

	
	PRACH periodicity= 20ms
	
	
	17.3%
	Access delay/latency: 10ms increase
	
	
	four SSBs


	
	PRACH periodicity= 40ms
	
	
	23.9%
	Access delay/latency: 30ms increase
	
	
	

	
	PRACH periodicity= 80ms
	
	
	24.9%
	Access delay/latency: 70ms increase
	
	
	



Based on the results, it is observed that dynamic adaptation of RACH occasions can achieve BS energy savings by 14.4%~24.9% for BS Category 1 at empty load case under FR1 TDD compared to 10ms RACH periodicity without adaptation. The gain generally increases as adapted PRACH periodicity increases, and also increases as the number of SSBs increases.
On UPT/access delay/latency, this scheme increases access delay/latency from 10ms to 70ms, same as the increased PRACH periodicity.
On UE power consumption, [].
=== end ===
	Company
	Comments

	
	

	
	

	
	



=== draftTP A-1-9: start ===
The following show the BS energy savings by scheduling of SIB1 by SSB, without PDCCH for SIB1, with repetition period 20ms.
Table 6.1.1-x: BS energy savings by scheduling of SIB1 by SSB
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	UPT
Access delay/latency
UE power consumption
Other KPI(s), if any
	Reference configuration
	Baseline configuration/assumption
	Traffic model
	Other evaluation methodology/assumption details - Part 1 (other than power modeling aspects)
	Other evaluation methodology/assumption details - Part 2 (power modeling aspects)

	CEWiT+B417:R417
[R1-2212429]
	Option 11) Scheduling of SIB1 by SSB, without PDCCH for SIB1, with repetition period 20ms
	Cat.1
	Zero
	4.8%
	　
	Set 1
	Baseline: normal SSB/SIB1 transmission, with 20ms repetition period for both.
	　
	numerical analysis
	•SIB1: PDCCH: 3 symbols; PDSCH: 12 OFDM symbols including DMRS.
•ղ=1, A=0.4.
•Time unit for power model is ms.
power consumption is calculated in a 20ms long period



It is observed that using SSB to schedule SIB1 can obtain 4.8% BS energy savings for Set 1 reference configuration for BS Category 1, compared to SSB/SIB1 periodicity of 20 ms for both.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.1.1.3	Specification impacts

6.1.2	Technique A-3 XX
6.1.2.1	Description of technique
6.1.2.2	Analysis of performance and impacts
=== draftTP A-3: start ===
The following capture the results for waking up gNB triggered by UE wake up signal (WUS).
Table 6.1.1-x: BS energy savings by UE wake up signal (WUS)
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	UPT
	Access delay/latency
	UE power consumption
	Reference configuration
	Baseline configuration/assumption
	Traffic model
	Other evaluation methodology/assumption details/notable settings

	MTK
[R1-2212259]
	UE_can_wake_up_gNB
	Cat 1
	Low
	49.3%
	0.00%
	0.00%
	0.07%
	Set 1
	All 21 cells active
	VoIP
	SLS; DRX (40, 4, 10); 9 out of 21 cells remian active.
BS power consumption value is sum of 21 cells.

	
	
	Cat 2
	
	51.9%
	0.00%
	0.00%
	0.07%
	
	
	
	

	ZTE, Sanechips
[R1-2211903]
	UE WUS is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring (i.e., cell off/inactive period), or with sparse SSB/SIB1 transmission and RACH monitoring
	1
	low
	7.4%
19.6%
23.8%
	0.66%
2.59%
5.04%
	　
　
　
	　
　
　
	Set 1
	no WUS, cell always-on; /
WUS period=20ms/80ms/160ms for each load, cell off when no UEs camp on.
	FTP3
	UE mobility.
slot-level; Pstatic=P3, η(s_f,s_p )=1;
time-domain scaling for SSB;
time and frequency domain scaling for SIB.

	
	
	
	light
	4.9%
12.7%
15.5%
	0.11%
0.43%
0.86%
	　
　
　
	　
　
　
	
	
	
	

	
	
	2
	low
	6.2%
6.4%
6.5%
	0.66%
2.59%
5.04%
	　
　
　
	　
　
　
	
	no WUS, cell always-on; /
WUS period=20ms/80ms/160ms for each load, cell off where no UEs camp on.
	
	

	
	
	
	light
	4.5%
4.6%
4.7%
	0.11%
0.43%
0.86%
	　
　
　
	　
　
　
	
	
	
	

	vivo
[R1-2211018
R1-2212541]
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	Cat 1
	0%
	29.7%
66.6%
80.7%
	　
　
　
	　
　
　
	0.00%
0.00%
0.00%
	Set 1
	legacy BS, where all cells are always in the normal mode.
Normal mode: 20ms SSB and SIB1, 20ms RACH listening
	NaN
NaN
NaN
	SLS
No UE DRX
100% detection reliability

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	
	0.002%
	27.3%
60.4%
72.8%
	0.8%
15.5%
21.7%
	-5.68%
-38.73%
-39.53%
	0.00%
0.00%
0.00%
	
	
	FTP3, mean packet interval of 10s, packet size of 100bytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	
	20.55%
20.81%
20.49%
	0.8%
4.3%
6.0%
	3.4%
4.5%
8.6%
	-9.70%
-20.72%
-32.51%
	-0.98%
-1.46%
-1.66%
	
	
	FTP3, mean packet interval of 200ms, packet size of 0.5Mbytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	
	41.79%
41.17%
41.35%
	-2.4%
0.3%
0.1%
	2.7%
6.0%
7.2%
	-8.95%
-14.55%
-20.53%
	-1.13%
-1.51%
-1.97%
	
	
	
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	0%
	32.1%
69.6%
83.7%
	　
　
　
	　
　
　
	0.00%
0.00%
0.00%
	
	
	NaN
NaN
NaN
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	0.002%
	29.4%
63.3%
75.6%
	0.8%
16.5%
24.2%
	-4.17%
-38.05%
-39.53%
	0.00%
0.00%
0.00%
	
	
	FTP3, mean packet interval of 10s, packet size of 100bytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	20.71%
20.51%
20.66%
	-0.1%
6.4%
6.6%
	3.9%
7.0%
8.7%
	-11.04%
-20.31%
-29.07%
	-1.08%
-1.33%
-1.65%
	
	
	FTP3, mean packet interval of 200ms, packet size of 0.5Mbytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	41.74%
41.91%
42.07%
	-2.2%
-0.7%
-0.6%
	1.3%
6.6%
7.5%
	-10.32%
-16.58%
-18.21%
	-1.13%
-1.63%
-1.84%
	
	
	
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	Cat 2
	0%
	19.1%
19.4%
19.4%
	　
　
　
	　
　
　
	0.00%
0.00%
0.00%
	
	
	NaN
NaN
NaN
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	
	0.002%
	18.1%
18.3%
18.3%
	0.76%
5.40%
11.79%
	-0.58%
-8.98%
-20.16%
	0.00%
0.00%
0.00%
	
	
	FTP3, mean packet interval of 10s, packet size of 100bytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	
	20.58%
20.28%
20.76%
	0.5%
1.0%
-0.4%
	0.69%
1.02%
2.88%
	-7.93%
-9.93%
-17.27%
	-0.64%
-0.56%
-0.99%
	
	
	FTP3, mean packet interval of 200ms, packet size of 0.5Mbytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: 160ms SSB, 20ms/80ms/160ms UEWUS)
	
	41.46%
41.22%
41.04%
	-2.4%
-2.1%
-1.8%
	0.05%
0.30%
0.45%
	-5.94%
-10.07%
-11.62%
	-0.99%
-1.10%
-0.96%
	
	
	
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	0%
	20.3%
20.6%
20.6%
	　
　
　
	　
　
　
	0.00%
0.00%
0.00%
	
	
	NaN
NaN
NaN
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	0.002%
	19.2%
19.4%
19.5%
	0.85%
4.17%
10.53%
	-2.63%
-9.83%
-20.86%
	0.00%
0.00%
0.00%
	
	
	FTP3, mean packet interval of 10s, packet size of 100bytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	20.55%
20.61%
21.26%
	0.5%
0.3%
-1.0%
	0.36%
0.61%
2.21%
	-8.30%
-10.14%
-17.32%
	-0.71%
-0.73%
-1.11%
	
	
	FTP3, mean packet interval of 200ms, packet size of 0.5Mbytes
	

	
	UE WUS to wake up a ES gNB without or with sparse SSB/SIB1 and RACH monitoring 
(the cells without traffic are switching to ES mode
ES mode: no SSB, 20ms/80ms/160ms UEWUS)
	
	42.05%
41.38%
41.74%
	-3.1%
-2.3%
-2.9%
	0.10%
0.21%
0.36%
	-7.48%
-9.16%
-10.22%
	-1.26%
-0.98%
-1.04%
	
	
	
	

	NOKIA/NSB
[R1-2211097]
	Wake up of gNB triggered by UE wake up signal (WUS) @ 20ms
	Cat 2
	Low
	45.6%
	13,01 Mbps
	　
	　
	Set 1
	SSBs/SIB1s/RO monitoring @ 20ms default periodicity
UEs are initially in RRC_idle state
	UL - IM
	SLS+Post-processing

	
	Wake up of gNB triggered by UE wake up signal (WUS) @ 160ms
	
	
	51.9%
	6,08 Mbps
	　
	　
	
	
	
	

	
	Wake up of gNB triggered by UE wake up signal (WUS) @ 640ms
	
	
	52.5%
	2,15 Mbps
	　
	　
	
	
	
	

	
	Wake up of gNB triggered by UE wake up signal (WUS) @ 1280ms
	
	
	66.7%
	1,16 Mbps
	　
	　
	
	
	
	

	Samsung
[R1-2212056]
	Wake up of gNB triggered by UE wake up signal (WUS), @10 ms WUS periodicy 
	Cat 1
	Low
	70.3%
64.0%
57.2%
	　
　
　
	0.00%
0.00%
0.00%
	　
　
　
	Set 2
	SR periodicity = 10ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	SLS
No UE DRX
100% detection reliability (one shot transmission).
slot level, WUS detection power is 90.

	
	Wake up of gNB triggered by UE wake up signal (WUS), @15 ms WUS periodicy 
	
	
	76.4%
69.4%
61.8%
	　
　
　
	0.00%
0.00%
0.00%
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @10 ms WUS periodicy 
	
	
	80.1%
73.7%
66.7%
	　
　
　
	0.00%
0.00%
0.00%
	　
　
　
	
	SR periodicity = 10ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	SLS
No UE DRX
100% detection reliability (one shot transmission).
slot level, WUS detection power is 55.

	
	Wake up of gNB triggered by UE wake up signal (WUS), @15 ms WUS periodicy 
	
	
	83.7%
76.5%
68.8%
	　
　
　
	0.00%
0.00%
0.00%
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @10 ms WUS periodicy 
	
	
	92.8%
86.2%
79.0%
	　
　
　
	0.00%
0.00%
0.00%
	　
　
　
	
	SR periodicity = 10ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	SLS
No UE DRX
100% detection reliability (one shot transmission).
slot level, WUS detection power is 10.

	
	Wake up of gNB triggered by UE wake up signal (WUS), @15 ms WUS periodicy 
	
	
	93.0%
85.7%
77.8%
	　
　
　
	0.00%
0.00%
0.00%
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @5 ms WUS periodicy 
	
	
	45.0%
39.2%
32.8%
	　
　
　
	29.56
28.9
29.41
	　
　
　
	
	SR periodicity = 10ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	SLS
No UE DRX
100% detection reliability (one shot transmission).
slot level, WUS detection power is 90.

	
	Wake up of gNB triggered by UE wake up signal (WUS), @5 ms WUS periodicy 
	
	
	39.1%
32.6%
25.7%
	　
　
　
	45.37
45.15
45.51
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @10 ms WUS periodicy 
	
	
	67.1%
60.2%
52.7%
	　
　
　
	22.44
22.85
22.79
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @5 ms WUS periodicy 
	
	
	64.7%
58.5%
51.8%
	　
　
　
	29.56
28.9
29.41
	　
　
　
	
	SR periodicity = 10ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	SLS
No UE DRX
100% detection reliability (one shot transmission).
slot level, WUS detection power is 55.

	
	Wake up of gNB triggered by UE wake up signal (WUS), @5 ms WUS periodicy 
	
	
	60.8%
54.1%
46.7%
	　
　
　
	45.37
45.15
45.51
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @10 ms WUS periodicy 
	
	
	78.0%
70.9%
63.2%
	　
　
　
	22.44
22.85
22.79
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @5 ms WUS periodicy 
	
	
	90.0%
83.4%
76.3%
	　
　
　
	29.56
28.9
29.41
	　
　
　
	
	SR periodicity = 10ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	SLS
No UE DRX
100% detection reliability (one shot transmission).
slot level, WUS detection power is 10.

	
	Wake up of gNB triggered by UE wake up signal (WUS), @5 ms WUS periodicy 
	
	
	88.9%
81.6%
73.8%
	　
　
　
	45.37
45.15
45.51
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	

	
	Wake up of gNB triggered by UE wake up signal (WUS), @10 ms WUS periodicy 
	
	
	92.0%
84.7%
76.8%
	　
　
　
	22.44
22.85
22.79
	　
　
　
	
	SR periodicity = 15ms
	FTP3, mean packet interval of 2s, UL traffic only, 1/5/10 UE
	



Based on the results, it is observed that, with UE WUS signal triggering a BS of 100% detection assumption, with or without UE C-DRX, 
· at empty or low load, 6.2%~93% energy savings can be achieved, depending on the traffic load, WUS periodicity and WUS detection power. The gain generally increases as WUS periodicity increases or gNB detection power decreases;
· when traffic load becomes higher, the gain also significantly decreases. At light load, the relative savings can be reduced to 15% or less, and at medium load, the relative savings can be further reduced to 10% or even there is energy increment.   
On UPT/access delay/latency, compared to a baseline where the cell is operating with SSB/SIB/RACH monitoring, the scheme has some UPT loss or increased latency, which is reduced as traffic load increases.
On UE power consumption, small negative impact is observed.
=== end ===
	Company
	Comments

	
	

	
	

	
	




6.1.2.3	Specification impacts

6.1.2	Technique A-4 XX
6.1.2.1	Description of technique
6.1.2.2	Analysis of performance and impacts
=== draftTP A-4: start ===
The following captures the results for adaptation of DTX/DRX.
Table 6.1.1-x: BS energy savings by adaptation of DTX/DRX
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	UPT
	Access delay/latency/UE power consumption/Other KPI(s), if any
	a) Reference configuration
b) Baseline configuration/assumption
c) Traffic model
d) Other evaluation methodology/assumption details/notable settings

	MTK
[R1-2212259]
	DRX_offset_alignment
	Cat 1
	Low
	29.8%
	0.91%
	Access delay/latency: 0.92%
UE power consumption: 2.17%
	Set 1
Random DRX offset (granularity = 5 ms)
VoIP
SLS; DRX (40, 4, 10); DRX offset aligned to 0

	
	
	Cat 2
	
	13.7%
	0.91%
	
	

	OPPO
[R1-2211458]
	DRX align
	Cat 1
	low load(RU-9.3%)
	4.7%
	361.08Mbps(-15.5%)
	Access delay/latency: 78.03ms(+50%)
	Set 1
UE-specific DRX, SSB with 20 RBs for 20 ms periodicity
	FTP (0.5MB as packet size, 200ms as mean inter-arrival time)
	SLS, C-DRX config: FTP (160,100,8), DRX align

	
	
	
	low load(RU-0.15%)
	6.7%
	85.91Mbps(-8.7%)
	Access delay/latency: 143.55ms(+3.83%)
	
	IM (0.1MB as packet size, 2s as mean inter-arrival time)
	SLS, C-DRX config: IM (320,80,10), DRX align

	
	DRX align and dropping SSB outside UE active time
	
	low load(RU-9.3%)
	14.4%
	361.08Mbps(-15.5%)
	Access delay/latency: 78.03ms(+50%)
	
	FTP (0.5MB as packet size, 200ms as mean inter-arrival time)
	SLS, C-DRX config: FTP (160,100,8), DRX align and dropping SSB outside UE active time

	
	
	
	low load(RU-0.15%)
	70.1%
	85.91Mbps(-8.7%)
	Access delay/latency: 143.55ms(+3.83%)
	
	IM (0.1MB as packet size, 2s as mean inter-arrival time)
	SLS, C-DRX config: IM (320,80,10), DRX align and dropping SSB outside UE active time

	ZTE, Sanechips
[R1-2211903]
	DRX alignment
	1
	low
	0.3%
0.9%
	5%
1.30%
	unfinished packet ratio=(total number of unfinished packet for baseline-total number of unfinished packet for enhanced)/total number of unfinished packet for baseline: 50%, 54.5% for each BS caterogy
	Set 1
UE-specific CDRX/CDRX alignment in a cell
FTP3
CDRX pattern for FTP3

	
	
	2
	
	0.2%
0.4%
	5%
1.30%
	
	

	Spreadtrum
[R1-2211241]
	traffic concentration (in a transmission window
	Cat 1
	Low
	37.8%
34.9%
30.9%
	
	
	a) For each BS Category: Set 1, Set 2, Set 3
b)- 1) There are 5% load (UE specific data) in 40 slots every 20ms. The load is frequency multiplexed with SSB burst and SIB1 in 2 slots every 20ms. 2) Scaling: Sf≈0.21 in 2 slots every 20ms, and Sf≈0.05 in 38 slots every 20ms
c)-1) The load is concentrated in first 10ms. There are 10% load (UE specific data) in the first 20 slots every 20ms, zero load in the last 20 slots every 20ms. The load is frequency multiplexed with SSB burst and SIB1 in 2 slots every 20ms. 2) gNB can enter light sleep for Cat 1, but can only enter micro sleep for Cat 2. 3) Scaling: Sf≈0.26 in 2 slots every 20ms, and Sf≈0.1 in 18 slots every 20ms
d)- 1) 160ms duration in total. 2) SSB burst periodicity is 20ms, and SIB1 repetition periodicity is 20ms. Two SSBs and the corresponding SIB1 share a slot. SSB burst and SIB1 take 40 PRBs. 3) PF periodicity at gNB side is 20ms (T=1280ms, N=64). Paging is transmitted in another slot every PF assuming one PO is effective in each PF. Paging takes 40 PRBs. 4) Scaling: Sa=1, Sp=1, P_static=P3.
Numerial evaluation resutls.

	
	
	Cat 2
	
	31.1%
27.7%
29.2%
	

	

	

	
	Offload between cells (the offloaded cell is turned off)
	Cat 1
	Low
	57.7%
53.5%
47.9%
	

	
	a) For each BS Category: Set 1, Set 2, Set 3
b)-1) Cell #1 and cell #2: There are 5% load (UE specific data) in 40 slots every 20ms. The load is frequency multiplexed with SSB burst and SIB1 in 2 slots every 20ms. 2) Scaling: Sf≈0.21 in 2 slots every 20ms, and Sf≈0.05 in 38 slots every 20ms
c)-1) The load in cell #1 is shifted to cell #2. 
1.1) Cell #1: There are zero load. There are only SSB burst and SIB1 in 2 slots every 20ms. gNB can enter light sleep for Cat 1, but can only enter micro sleep for Cat 2. 1.2) Cell #2: There are 10% load (UE specific data) every 20ms. The load is frequency multiplexed with SSB burst and SIB1 in 2 slots every 20ms. 2) Scaling: 2.1) Cell #1: Sf≈0.16; 2.2) Cell #2: Sf≈0.26 in 2 slots every 20ms, and Sf≈0.1 in 38 slots every 20ms
d)-1) 160ms duration in total. 2) SSB burst periodicity is 20ms, and SIB1 repetition periodicity is 20ms. Two SSBs and the corresponding SIB1 share a slot. SSB burst and SIB1 take 40 PRBs. 3) PF periodicity at gNB side is 20ms (T=1280ms, N=64). Paging is transmitted in another slot every PF assuming one PO is effective in each PF. Paging takes 40 PRBs.
4) Scaling: Sa=1, Sp=1, P_static=P3.
Numerial evaluation results.

	
	
	Cat 2
	
	46.5%
44.3%
46.6%
	
	

	

	Intel
[R1-2211410]
	Enhanced C-DRX
	Cat1
	Light
	2.8%
	Baseline: 122.3 Mbps
ES: 86.4 Mbps
	Avg EE (baseline): 5.20
Avg EE (ES): 4.82
	a)Set1
c) FTP3
d) SLS
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 1;
Slot-level model
For scaling:
A = 0.4;
η(s_f,s_p )=1 for any sf, sp;
	Baseline DRX Parameters:
DRX Cycle: 80 msec; ON duration 4ms,
Inactivity Timer: 40msec
For Enh C-DRX, cycle is 80ms and gNB is active for 20ms.

	
	
	
	Medium
	29.7%
	Baseline: 93.2 Mbps
ES: 29.6 Mbps
	Avg EE (baseline): 1.87
Avg EE (ES): 2.33
	
	

	
	
	
	Low
	2.3%
	Baseline: 111.2 Mbps
ES: 186.5 Mbps
	Avg EE (baseline): 8.81
Avg EE (ES): 9.37
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Light
	2.3%
	Baseline: 98.1 Mbps
ES: 66.6 Mbps
	Avg EE (baseline): 5.31
Avg EE (ES): 4.66
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms 

	
	
	
	Light
	2.6%
	Baseline: 98.1 Mbps
ES: 164.3 Mbps
	Avg EE (baseline): 5.31
Avg EE (ES): 5.31
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Medium
	30.9%
	Baseline: 75.0 Mbps
ES: 28.2 Mbps
	Avg EE (baseline):1.97
Avg EE (ES): 2.54
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms 

	
	
	
	Medium
	4.8%
	Baseline: 75.0 Mbps
ES: 116.6 Mbps
	Avg EE (baseline):1.97
Avg EE (ES): 2.04
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Light
	2.8%
	Baseline: 122.3 Mbps
ES: 86.4 Mbps
	Avg EE (baseline): 5.20
Avg EE (ES): 4.82
	
	Baseline DRX Parameters:
DRX Cycle: 80 msec;ON duration 4ms,
Inactivity Timer: 40msec
For Enh C-DRX, cycle is 80ms and gNB is active for 20ms.

	
	
	
	Medium
	29.7%
	Baseline: 93.2 Mbps
ES: 29.6 Mbps
	Avg EE (baseline): 1.87
Avg EE (ES): 2.33
	
	

	
	
	
	Low
	2.3%
	Baseline: 111.2 Mbps
ES: 186.5 Mbps
	Avg EE (baseline): 8.81
Avg EE (ES): 9.37
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Light
	2.3%
	Baseline: 98.1 Mbps
ES: 66.6 Mbps
	Avg EE (baseline): 5.31
Avg EE (ES): 4.66
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms 

	
	
	
	Light
	2.6%
	Baseline: 98.1 Mbps
ES: 164.3 Mbps
	Avg EE (baseline): 5.31
Avg EE (ES): 5.31
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Medium
	30.9%
	Baseline: 75.0 Mbps
ES: 28.2 Mbps
	Avg EE (baseline):1.97
Avg EE (ES): 2.54
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms 

	
	
	
	Medium
	4.8%
	Baseline: 75.0 Mbps
ES: 116.6 Mbps
	Avg EE (baseline):1.97
Avg EE (ES): 2.04
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Light
	2.8%
	Baseline: 122.3 Mbps
ES: 86.4 Mbps
	Avg EE (baseline): 5.20
Avg EE (ES): 4.82
	
	Baseline DRX Parameters:
DRX Cycle: 80 msec;ON duration 4ms,
Inactivity Timer: 40msec
For Enh C-DRX, cycle is 80ms and gNB is active for 20ms.

	
	
	
	Medium
	29.7%
	Baseline: 93.2 Mbps
ES: 29.6 Mbps
	Avg EE (baseline): 1.87
Avg EE (ES): 2.33
	
	Baseline DRX Parameters:
DRX Cycle: 80 msec; ON duration 4ms,
Inactivity Timer: 40msec
For Enh C-DRX, cycle is 80ms and gNB is active for 20ms.

	
	
	
	Low
	2.3%
	Baseline: 111.2 Mbps
ES: 186.5 Mbps
	Avg EE (baseline): 8.81
Avg EE (ES): 9.37
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Light
	2.3%
	Baseline: 98.1 Mbps
ES: 66.6 Mbps
	Avg EE (baseline): 5.31
Avg EE (ES): 4.66
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms 

	
	
	
	Light
	2.6%
	Baseline: 98.1 Mbps
ES: 164.3 Mbps
	Avg EE (baseline): 5.31
Avg EE (ES): 5.31
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	
	
	
	Medium
	30.9%
	Baseline: 75.0 Mbps
ES: 28.2 Mbps
	Avg EE (baseline):1.97
Avg EE (ES): 2.54
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec;ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms 

	
	
	
	Medium
	4.8%
	Baseline: 75.0 Mbps
ES: 116.6 Mbps
	Avg EE (baseline):1.97
Avg EE (ES): 2.04
	
	Baseline DRX Parameters:
DRX Cycle: 160 msec; ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 80ms 

	CATT
[R1-2211210]
	Adaptation of DTX/DRX 
	Cat 1
	Low load
	71.4%
	　
	
	Set1 
	SLS;  (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);SSB periodicity 20ms;CSI-RS/TRS 10ms;
	FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes
	SLS; (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);DTX configuration:  gNB starting offset of DTX on locate before UE DRX on duration in order to support UE wakeup;SSB periodicity: 20ms; CSI-RS/TRS periodicity: 10ms.

	
	
	
	Light load
	62.6%
	　
	
	
	
	FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes
	

	
	
	
	Medium load
	47.8%
	　
	
	
	
	FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes
	



Based on the results, DTX/DRX adaptation achieves BS energy savings gain by 0.2%~71.4% depending on the traffic and UE DRX configurations. At low or light traffic load cases, four results (MediaTek, OPPO, Spreadtrum, CATT) show that the gain can be larger than 14.4% and becomes larger when traffic further increases, while three results (OPPO, ZTE, Intel) show less than 6.7% gain at low and light load cases. Particularly, dropping SSB outside UE active time can further increase the energy savings, and with baseline of UE DRX alignment, the gain can be marginal, less than 1%.
On UPT, one result shows there is marginal negative impact while one result shows it can be up to 15.5%. Also one result shows that the impact on UPT varies: when the UE DRX cycle is 160ms and gNB active time is 80ms, the UPT is increased while in other configurations, there can be large UPT loss.  
On access delay/latency, one result shows marginal increment while one result shows the increment can be up to 50%. Also, about 50% unfinished packet ratio is observed from one result.
Additionally, one result shows that at low/light traffic load, the average EE may be negatively impacted while at medium load, the average EE is slightly increased. 
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.1.2.3	Specification impacts

6.1.2	Technique A-6 XX
6.1.2.1	Description of technique
6.1.2.2	Analysis of performance and impacts

=== draftTP A-6: start ===
The following capture the results for adaptation of SSB and/or SIB1.
Table 6.1.1-x: BS energy savings by adaptation of SSB and/or SIB1
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	UPT
	Access delay/latency/UE power consumption/Other KPI(s), if any
	Reference configuration
	Baseline configuration/assumption
	Traffic model/Other evaluation methodology/assumption details/notable settings

	CMCC
[R1-2211692]
	SSB/SIB1-less scheme:
gNB has 2 co-deployed CCs, both of them are available for UE with single carrier operation to access, but only CC1 has normal SSB and SIB1 with default 20ms transmission period. CC2 only has PSS/SSS for synchronization. 
	cat.2
	Zero
	31.4%
	/
	CC1 carries SIB1 of CC2, the power consumption of CC1 increases 1.73% for FDM SIB of both CC.
	set 1
	Baseline scheme:
gNB has 2 co-deployed CCs, both of them are available for UE with single carrier operation to access, so both CC1 and CC2 has SSB and SIB1 with default 20ms transmission period. As shown in Figure.5 (a).
	numerical analysis.

•SIB1: 
-Baseline: for both CC1 and CC2, PDCCH: 2 symbols, 48RB; PDSCH: 12RBs, 12 OFDM symbols including DMRS.
-SSB/SIB1-less scheme: no SIB1 on CC2, but CC1 carries SIB1 for CC2, so the TBS will be doubled. The number of PDSCH PRBs is 24 RBs, 12OFDM symbols. PDCCH still occupies 2 OFDM symbols, 48 PRBs.
•SSB1 and SSB are transmitted in different slots, e.g. value in Table 13-11 is assumed to be 5ms.
•ղ=1, A=0.4.
•Time unit for power model is slot.
power consumption is calculated in a 40ms long period

	
	
	cat.1
	
	56.5%
	/
	CC1 carries SIB1 of CC2, the power consumption of CC1 increases 1.41% for FDM SIB of both CC.
	
	
	

	Huawei, HiSilicon
[R1-2210858]
	SIB-less on ES CC
	Cat 2
	0% load(zero)
	33.6%
	N/A
	N/A
	Set 2
	4 SIB1 with 20ms period,20RB
	FTP3 IM.

NO C-DRX; Subband based CSI-feedback in every 5 slots.

slot level with time-domain scaling; A=0.4; η=1, 0.76(s_f*s_p<0.5)

	
	
	
	10% load(low)
	26.2%
	N/A
	N/A
	
	
	

	
	
	
	20% load(light)
	19.0%
	N/A
	N/A
	
	
	

	
	
	
	30% load(medium)
	16.0%
	N/A
	N/A
	
	
	

	
	dual SIB on Anchor CC
	
	0% load(zero)
	-7.5%
	N/A
	N/A
	
	
	

	
	
	
	10% load(low)
	-6.7%
	N/A
	N/A
	
	
	

	
	
	
	20% load(light)
	-6.1%
	N/A
	N/A
	
	
	

	
	
	
	30% load(medium)
	-5.5%
	N/A
	N/A
	
	
	

	
	SIB-less on ES CC
	
	0% load(zero)
	20.2%
	N/A
	N/A
	
	4 SIB1 with 40ms period,20RB
	

	
	
	
	
	11.2%
	N/A
	N/A
	
	4 SIB1 with 80ms period,20RB
	

	
	
	
	
	5.9%
	N/A
	N/A
	
	4 SIB1 with 160ms period,20RB
	

	
	
	
	10% load(low)
	15.7%
	N/A
	N/A
	
	4 SIB1 with 40ms period,20RB
	

	
	
	
	
	9.3%
	N/A
	N/A
	
	4 SIB1 with 80ms period,20RB
	

	
	
	
	
	4.0%
	N/A
	N/A
	
	4 SIB1 with 160ms period,20RB
	

	ZTE, Sanechips
[R1-2211903]
	offloading SIB of the SIB-less cell to another cell. and SIB-less operation is for non-CA case
	1
	zero
	97.9%
95.4%
91.1%
	　
	　
	Set 1
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	FTP3 for Set 1. IM for Set 2.

For the multiplexing pattern of two SIBs in the anchor cell (when applicable), TDM is considered in the evaluations.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	19.3%
24.6%
23.5%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	14.1%
18.9%
18.1%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	low
	64.3%
43.6%
28.0%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	15.5%
13.6%
8.8%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	11.6%
10.5%
6.8%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	2
	zero
	85.8%
83.6%
82.8%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	12.1%
7.0%
3.7%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	8.0%
4.6%
2.4%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	
	low
	24.5%
13.4%
9.4%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	10.8%
6.2%
3.3%
	　
	　
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	7.5%
4.3%
2.3%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+40ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	1
	zero
	98.4%
96.2%
92.6%
	　
	　
	Set 2
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	40.7%
38.4%
37.0%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	17.6%
12.4%
12.0%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	
	low
	80.3%
59.4%
42.4%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	28.0%
16.0%
11.5%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	17.8%
10.8%
7.7%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	2
	zero
	87.5%
82.6%
81.4%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	28.2%
9.8%
5.3%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	14.1%
4.9%
2.6%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	
	
	
	low
	42.9%
23.6%
19.1%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell
	

	
	
	
	
	23.9%
8.0%
4.3%
	　
	　
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
SIB1-less for non-anchor cell
	

	
	
	
	
	14.0%
5.0%
2.0%
	　
	energy increase for anchor cell with SIB1 transmission for SIB1-less cell 
	
	SSB+SIB: {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;/
(SSB+SIB1)-less for non-anchor cell, anchor cell with SIB1 transmission for SIB1-less cell 
	

	NOKIA/NSB
[R1-2211097]
	SSB-less at 20 ms period of RO
	CAT2
	Unloaded/low/light/Medium
	27.5%
26.1%
26.0%
22.7%
	　/
135 Mbps
105 Mbps
74 Mbps
	　
　
　
　
	SET 1
	Intra-band/collocated cells with non-CA case, consisting of: 
* Coverage cell with 20 ms periodicity of SSB/SIB1 Tx and RO monitoring
* Capacity cell with 20 ms periodicity of SSB/SIB1 Tx and RO monitoring
UEs initially in RRC Idle state.
	DL-FTP3.
SLS+Post-processing

	
	SSB-less at 160 ms period of RO
	
	Unloaded/low/light/Medium
	51.8%
48.2%
47.3%
43.2%
	　/
85 Mbps
72 Mbps
56 Mbps
	　
　
　
　
	
	
	

	
	SIB1-less at 20 ms period of RO
	
	Unloaded/low/light/Medium
	43.1%
40.5%
40.1%
36.5%
	　/
132 Mbps
104 Mbps
73 Mbps
	　
　
　
　
	
	
	

	
	SIB1-less at 160 ms period of RO
	
	Unloaded/low/light/Medium
	53.8%
51.2%
47.3%
43.2%
	　/
84 Mbps
72 Mbps
56 Mbps
	　
　
　
　
	
	
	

	
	SSB&SIB1-less at 20 ms period of RO
	
	Unloaded/low/light/Medium
	52.7%
50.6%
52.7%
44.4%
	　/
135 Mbps
105 Mbps
74 Mbps
	　
　
　
　
	
	
	

	
	SSB&SIB1-less at 160 ms period of RO
	
	Unloaded/low/light/Medium
	55.1%
53.1%
54.9%
46.8%
	　/
85 Mbps
72 Mbps
56 Mbps
	　
　
　
　
	
	
	

	CATT
[R1-2211210]
	Adaptation of SSB/SIB1   
	Cat 1
	Low load
	22.0%
	　
	　
	set1
	SLS;  (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);SSB periodicity 20ms;CSI-RS/TRS 10ms;
	FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes.
SLS;Cell OFF:Without normal SSB/SIB/CSI-RS transmission within Cell off duration;On demand SSB transmission is trigger by neighbour cell with 300ms transmission duration and 20ms SSB.
For the case with DRX, DTX configuration:  gNB starting offset of DTX on locate before UE DRX on duration in order to support UE wakeup;
A=0.4; η(s_f, s_p)=1.

	
	
	
	
	43.4%
	　
	　
	
	SLS;  (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);SSB periodicity 20ms;CSI-RS/TRS 10ms;DTX configuration:  gNB starting offset of DTX on locate before UE DRX on duration in order to support UE wakeup;
	

	Fujitsu
[R1-2211085]
	SSB&SIB-less
	Cat2
	Zero
low
light
medium
	34.5%
27.0%
21.7%
16.7%
	　
　
　
　
	　
　
　
　
	Set 1
	Baseline scheme: 20 ms SSB/SIB1 period
	BS goes into mico-sleep on symbolc w/o TX/RX 
simplified SSB which contains SSS and PSS is transmitted with periodicity of 160 ms
No UE DRX.
A=0.4, η=1

	
	
	
	Zero 
low
light
medium
	36.0%
24.7%
18.4%
13.5%
	　
　
　
　
	　
　
　
　
	Set 2
	
	

	Ericsson
[R1-2212154]
	20ms Discovery signal (4 symbols) + no SIB1 
	Cat1
	Zero
	2.6% / 5.9%
	　
	　
	Set 1
	Baseline scheme: 20ms SSB + 160ms SIB1 
	one SSB/ four SSBs

Energy calculation: per symbol energy consumption is modeled.

According to Rel-15 specification, SIB1 can be transmitted with variable transmission repetition periodicity within a 160 ms period, including one SIB1 PDSCH transmission every 160ms or even sparser.

	Qualcomm
[R1-2212128]
	on-demand SIB1
	Cat 1
	Empty load
	5.8% / 7.7% / 8.6%
	　
	　
	Set 1
	Baseline: 20ms periodicity for SSB/SIB1/RO, one beam
Enhanced: 20%/10%/5% SIB1 Tx rate, C-WUS with 20ms periodicity
	　

	
	
	
	
	32.1% / 36.6% / 38.8%
	　
	　
	
	Baseline: 20ms periodicity for SSB/SIB1/RO, 8 beams
Enhanced: 20%/10%/5% SIB1 Tx rate, C-WUS with 20ms periodicity
	　



One result (Ericsson) shows that with a 4-symbol Discover signal (DRS), and without SIB1 transmission, 2.6% and 5.9% energy savings can be achieved for one SSB and four SSB respectively, at empty load. 
One result (CATT) shows on-demand SSB can achieve BS energy savings by 22.0%/43.4% at low load compared to a baseline of 20ms SSB periodicity with or without gNB DTX configuration. 
One result (Qualcomm) is provided with on-demand SIB1 at empty load, 5.8%~8.6% BS energy savings can be achieved at SIB1 transmission rate of 20%~5% for one SSB beam, and the gains can increase to 32.1%~38.8% for 8 beams case for a same SIB1 transmission rate range.
For the results other than the above, the observation is to be made together with techniques evaluation for B-1, since company results assume multiple carriers are available at the gNB but not necessarily CA from UE point of view.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.1.2.3	Specification impacts



6.1.z	Impacts on network interfaces
6.1.aa	Cell DTX/DRX
6.1.aa.1	Description of technique
6.1.aa.2	Analysis of performance and impacts
6.1.aa.3	Specification impacts
6.1.aa.4	Higher layer procedures
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via RRC signalling. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:
· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
· Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
· Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
· Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
The study will focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration.
Editor's note: FFS if multiple sets of Cell DRX/DTX configuration are allowed.
The Cell DTX mode/configuration can also be indicated to the UE via dynamic L1/L2 signalling. The dynamic L1/L2 signalling at least supports UE dedicated indication. Whether UE group common signalling is also supported will be further studied. 
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism will be studied. 
Editor's note: FFS details of alignment, including UE transmission/reception behavior during DTX.
6.1.aa.5	Assistance information from UE side
Editor's note: will be updated once more agreements are made.
6.1.aa.6	Impacts on network interfaces
Editor's note: will be updated once more agreements are made.
The cell DTX/DRX information is considered necessary to be exchanged and coordinated between neighbour gNBs. The gNB can use the received cell DTX/DTX information to determine its own cell DTX/DRX configuration for network energy saving purpose. 
Editor’s note: The details of cell DTX/DRX is finally up to RAN1 and RAN2.
6.2	Techniques in frequency domain
6.2.1	Technique B-1 YY
6.2.1.1	Description of technique
6.2.1.2	Analysis of performance and impacts
=== draftTP B-1: start ===
The following capture the results by multi-carrier energy savings enhancements.
Table 6.1.1-x: BS energy savings by multi-carrier enhancements
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	KPI
	Baseline configuration/assumption

	Huawei，HiSilicon
[R1-2210858]
	Inter-band SSB-less on Scell
	Cat 2
	0% load(zero)
	14.4%
	
	4 SSB beams with 20ms period, 20RB

	
	
	
	10% load(low)
	9.3%
	
	

	
	
	
	20% load(light)
	7.4%
	
	

	
	
	
	30% load(medium)
	5.7%
	
	

	ZTE, Sanechips
[R1-2211903]
	SSB-less SCell 
	1
	zero load
	97.3%
	
	SSB20ms for baseline;

	
	
	
	
	93.9%
	
	SSB80ms for baseline;

	
	
	
	
	88.4%
	
	SSB160ms for baseline;

	
	
	2
	
	83.8%
	
	SSB20ms for baseline;

	
	
	
	
	82.4%
	
	SSB80ms for baseline;

	
	
	
	
	82.1%
	
	SSB160ms for baseline;

	
	
	1
	
	97.3%
	
	SSB20ms for baseline;

	
	
	
	
	93.8%
	
	SSB80ms for baseline;

	
	
	
	
	88.3%
	
	SSB160ms for baseline;

	
	
	2
	
	82.1%
	
	SSB20ms for baseline;

	
	
	
	
	80.7%
	
	SSB80ms for baseline;

	
	
	
	
	80.4%
	
	SSB160ms for baseline;

	
	
	1
	low
	58.4%
	UPT:801.79, SSB-less UPT：812.57
	SSB20ms for baseline;

	
	
	
	
	35.2%
	UPT:804.41, SSB-less UPT：812.57
	SSB80ms for baseline;

	
	
	
	
	21.2%
	UPT:804.54, SSB-less UPT：812.57
	SSB160ms for baseline;

	
	
	2
	
	15.2%
	UPT:801.79, SSB-less UPT：812.57
	SSB20ms for baseline;

	
	
	
	
	7.4%
	UPT:804.41, SSB-less UPT：812.57
	SSB80ms for baseline;

	
	
	
	
	6.1%
	UPT:804.54, SSB-less UPT：812.57
	SSB160ms for baseline;

	
	
	1
	
	72.7%
	UPT:115.30, SSB-less UPT：119.41
	SSB20ms for baseline;

	
	
	
	
	51.7%
	UPT:118.78, SSB-less UPT：119.41
	SSB80ms for baseline;

	
	
	
	
	34.9%
	UPT:119.324565032046, SSB-less UPT：119.41
	SSB160ms for baseline;

	
	
	2
	
	24.9%
	UPT:115.30, SSB-less UPT：119.41
	SSB20ms for baseline;

	
	
	
	
	16.9%
	UPT:118.78, SSB-less UPT：119.41
	SSB80ms for baseline;

	
	
	
	
	15.5%
	UPT:119.328, SSB-less UPT：119.41
	SSB160ms for baseline;

	
	
	
	
	39.4%
	　
	SSB20ms for baseline;

	
	
	
	
	22.4%
	　
	SSB80ms for baseline;

	
	
	
	
	18.7%
	　
	SSB160ms for baseline;

	Vivo
[R1-2211018
R1-2212541]
	Inter-band CA with SSB-less carriers/Scell
(ES scheme:
CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening; 
CC 2: neither transmission nor reception)
	Cat 1
	0%
	14.7%
	UE power consumption: 0%
	Baseline scheme:
CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening; 
CC 2: only 20ms SSB

	
	
	Cat 2
	0%
	5.1%
	
	

	Intel
[R1-2211410]
	inter-band SSB-less Scell 
	Cat1
	Low
	3.0%
	UPT: 1639.3 Mbps;Avg EE (baseline): 6.56;
Avg EE (ES): 6.81
	Baseline: CC# 2 (Scell): 160 msec SSB, no SIB1/PRACH,
ES: CC# 2 (Scell): no SSB/SIB1/PRACH,

	
	
	Cat1
	Light
	1.0%
	UPT:1222.9 Mbps;Avg EE (baseline): 2.96;
Avg EE (ES): 3.00
	

	
	
	Cat1
	Medium
	0.3%
	UPT: 915.8Mbps;Avg EE (baseline): 1.57;
Avg EE (ES): 1.57
	

	MTK
 [R1-2212259]
	SCell_w/o_SIB1
	Cat 1
	Light
	2.3%
	UPT: 0.00%; Access delay/latency: 0%; UE power consumption: 0%
	SCell has SSB and SIB1

	
	
	Cat 2
	
	1.1%
	
	

	
	SCell_w/o_SSB_SIB1
	Cat 1
	
	7.9%
	
	

	
	
	Cat 2
	
	1.3%
	
	

	CMCC
[R1-2211692]
	SCell with simplified SSB: SCell with only PSS/SSS, with 20ms periodicity. PCell with normal SSB, SIB1 and also SIB information for SCell.
	cat.2
	Zero
	5.7%
	N/A
	Baseline: normal SSB on SCell. PCell with normal SSB, SIB1 and also SIB1 information for SCell.


	
	
	cat.1
	
	10.5%
	
	

	Vivo
[R1-2211018
R1-2212541]
	SSB/SIB-less carrier operation with assistance of anchor carrier
(ES scheme:
CC 1: 20ms SSB and SIB1(with 72 PRB), 20ms RACH listening; 
CC 2: only 20ms RACH listening) 
	Cat 1
	0%
	14.8%
	
	Baseline scheme:
CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening; 
CC 2: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening

	
	
	Cat 2
	0%
	9.1%
	
	

	CATT
[R1-2211210]
	Multi-carrier energy savings enhancements  
	Cat 1
	Low load
	25.7%
	　
	SLS; (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms); SSB periodicity 20ms;CSI-RS/TRS 10ms;Rel-17 Scell activation/deactivation;

	
	
	
	Light load
	24.1%
	　
	

	
	
	
	Medium load
	15.5%
	　
	

	
	
	
	Low load
	30.3%
	　
	

	
	
	
	Light load
	29.1%
	　
	

	
	
	
	Medium load
	20.3%
	　
	

	Qualcomm
[R1-2212128]
	Dynamic UE-group Pcell 
switching
	Cat 1
	Medium 
(39% RU for 1 CC; 22% RU across 2 CCs)
	37.5%
	UPT: -14%
	Assumption: Number of UEs changes from 25 to 20
Baseline: Keep 2 CCs activated
Enhancement: deactivate 1 CC and keep 1CC activated



Observation includes the results for techniques that are also evaluated under #A-6. The following is observed.
In general, for SSB and/or SIB saved from one carrier of two carriers, BS energy savings can be achieved in all results.
With one of two carriers having simplified SSB and no SIB1, one result shows BS energy saving gain can be achieved by 31.4%~56.5% compared with a baseline of both carriers having SSB and SIB1 periodicity of 20ms; the same source company result also show that with CA configured by which SIB1 is saved from SCell, the gain can be achieved by 5.7%~10.5%.
With SIB-less only from one of two carriers, 
· one result shows that 33.6%~16.0% BS energy saving gain is observed which decreases as the traffic load increases, compared with 20ms SIB1 periodicity. Meanwhile, the SIB1 carried on another carrier increase the energy of that carrier by 7.5%~5.5%, resulting a total saving across two carries by 26.1%~10.5%. The gain decreases to 4.0% when the baseline SIB1 periodicity increases to 160ms; 
· one result shows BS energy saving gain can be 3.3%~40.7% compared with baseline of SSB+SIB periodicity of {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell;
· one result shows at different loads, compared to baseline of 20 ms SSB/SIB1 periodicity, that BS energy savings can be achieved by 53.8%~36.5% with RO periodicity of 20ms and 160ms;
· also one result show less than 2.3% BS energy savings when compared with a baseline of SCell having SIB1.
With SSB-less only from one of two carriers, for CA in which case the SIB is already saved from SCell,
· at different loads, compared to a baseline of 20 ms SSB/SIB1 periodicity, one result shows BS energy savings by 27.5%~22.7% and 51.8%~43.2% when the RO periodicity is 20ms and 160ms respectively;
· two results show that BS energy savings can be 5.1%~14.7% at different loads, compared to a baseline of 20ms SSB periodicity;
· one result shows that compared to baseline of SSB periodicities of 20ms~160ms, BS energy savings can be 80.4%~97.3% at empty load, and 6.1%~72.7% at low load;
· one result also shows that when the baseline SCell SSB periodicity is 160ms, only 0.3%~3% BS energy savings can be achieved, and one another shows BS energy savings by less than 7.9% if compared with SCell having SIB1.
With both SSB-less and SIB1-less from one of two carriers, for non-CA 
· compared to baseline of 20 ms SSB/SIB1 periodicity on both carriers, one result shows BS energy savings by 55.1%~44.4% with RO periodicity of 20ms~160ms at different loads, and one result shows 9.1%~14.8% energy savings at empty load;
· at different loads, compared to baseline of 20 ms SSB/SIB1 periodicity, one result shows BS energy savings by 36.0%~13.5% when combined with simplified SSB (i.e. PSS and SSS only);
· one result shows that with baseline of SSB+SIB periodicity of {20ms+20ms, 80ms+80ms, 160ms+160ms} for anchor cell and non-anchor cell, BS energy savings can be 9.4%~97.9% if an anchor carrier carries the SSB and SIB1 for another carrier without additional/separate SIB1 depending on the traffic load, and the savings can be 2.0%~18.9% if the SIB1 for another carrier is TDMed transmitted on the anchor carrier.
In most results for SSB and/or SIB saved from one carrier of two carriers, the UPT is not negatively impacted while one result shows slightly increased UPT.
No negative impact observed on UE power consumption for the above schemes. 
Additionally, inter-band SSB-less for CA can slightly improve the average EE, reported by one result. 
Another scheme with dynamic UE-group PCell switching shows 37.5% BS energy savings at medium load for BS Category 1, at the expense of UPT loss by 14%.
=== end ===
	Company
	Comments

	
	

	
	

	
	




6.2.1.3	Specification impacts
6.2.2	Technique B-2 YYY
6.2.2.1	Description of technique
6.2.2.2	Analysis of performance and impacts
=== draftTP B-2: start ===
The following capture the results for dynamic adaptation of bandwidth part of UE(s) within a carrier.
Table 6.1.1-x: BS energy savings by dynamic BWP adaptation within carrier
	Company
	BS Category 
	Load scenario
	ES gain (%)
	KPI
	Reference configuration
	Baseline configuration/assumption

	Samsung
[R1-2212056]
	Cat 1
	Baseline traffic: 42.8 % RU
Reduced traffic: 28.47 % RU
	38.2%
	UPT: 6.05%; Packet latency: 6.44%; Scheduling latency: No increase
	Set1
	100MHz with 55 dBm

	
	Cat 2
	
	27.8%
	
	
	

	
	Cat 1
	Baseline traffic: 7.5 % RU
Reduced traffic: 2.75 % RU
	52.2%
	UPT: 14.67%; Packet latency: 17.2%; Scheduling latency: No increase
	
	

	
	Cat 2
	
	17.6%
	
	
	

	
	Cat 1
	Baseline traffic: 32.1 %
Reduced traffic: 25.7 %
	17.4%
	UPT: 28.24%; Packet latency: 39.4%; Scheduling latency: No increase
	Set3
	100MHz with 49 dBm

	
	Cat 2
	
	17.8%
	
	
	



One result observes BS energy savings by 17.4%~52.2% at the expense of UPT loss by 28.4%~14.47%, when traffic is reduced compared to corresponding baseline.
On packet latency/scheduling latency, no negative impact is observed.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.2.2.3	Specification impacts

6.2.3	Technique B-3 YYY
6.2.2.1	Description of technique
6.2.2.2	Analysis of performance and impacts
=== draftTP B-3: start ===
The following captures the results for dynamic adaptation of bandwidth of active BWP.
Table 6.1.1-x: BS energy savings by dynamic BW adaptation within BWP
	Company
	ES scheme
	BS Category 
	Load scenario
	ES gain (%)
	KPI
	Baseline configuration/assumption

	OPPO [R1-2211458]
	Dynamic adaptation of bandwidth of active BWP of UEs
	Cat 1
	low load(RU-10%)
	1.4%
	UPT: 554.74Mbps(-46.8%); Access delay/latency: 9.35ms(+86.3%)
	system BW of 100MHz, 64T: (M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8)

	
	
	
	low load(RU-0.2%)
	1.3%
	UPT: 513.43Mbps(-52%); Access delay/latency: 1.78ms(+48.3%)
	

	Intel [R1-2211410]
	intra-carrier BWP adaptation
	
	Low
	-20.6%
	UPT: Baseline (819.7Mbps), ES (346.8 Mbps); Avg EE (baseline): 5.10; Avg EE (ES): 1.87
	Baseline: Full BW
ES: 50% BW

	
	
	
	
	-75.4%
	UPT: Baseline (819.7Mbps), ES (99.4 Mbps); Avg EE (baseline): 5.10;
Avg EE (ES): 0.54
	Baseline: Full BW
ES: 25% BW

	
	
	
	Light
	-45.9%
	UPT: Baseline (611.5Mbps), ES (155.2Mbps); Avg EE (baseline): 2.66;
Avg EE (ES): 0.69
	Baseline: Full BW
ES: 50% BW

	
	
	
	
	-61.8%
	UPT: Baseline (611.5Mbps), ES (25.7Mbps); Avg EE (baseline): 2.66
Avg EE (ES): 0.26
	Baseline: Full BW
ES: 25% BW

	
	
	
	Medium
	-27.6%
	UPT: Baseline (457.9Mbps), ES (50.5Mbps); Avg EE (baseline): 1.50
Avg EE (ES): 0.44
	Baseline: Full BW
ES: 50% BW

	
	
	
	
	-13.5%
	UPT: Baseline (457.9Mbps), ES (12.3Mbps); Avg EE (baseline): 1.50;
Avg EE (ES): 0.44
	Baseline: Full BW
ES: 25% BW



Two results show different observations. One result (OPPO) show small BW energy saving gain by 1.3%/1.4% at the expense of about 50% UPT loss and increased access delay/latency by 48.3%/86.3%. One result (Intel) shows BS energy is increased by 13.5%~75.4%, also together with significantly reduced UPT, and additionally reduced average EE.
=== end ===
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6.2.1.3	Specification impacts

6.2.z	Impacts on network interfaces

6.3	Techniques in spatial domain
6.3.1	Technique C-1 ZZ
6.3.1.1	Description of technique
6.3.1.2	Analysis of performance and impacts
=== draftTP C-1: start ===
The following capture the results for dynamic adaptation of spatial elements.
Table 6.1.1-x: BS energy savings by adaptation of spatial elements
	Company
	ES scheme
	BS Category &Reference configuration
	Load scenario
	ES gain (%)
	UPT/latency/UE power/ Other KPIs
	Baseline configuration/assumption
	Evaluation methodology/assumption details/traffic model

	MTK
[R1-2212259]
	#TxRU_32
	Cat 1, Set 1
	Light
	15.8%
	UPT loss:4.54%; 
latency increase:4.76%;
UE power increase:3.48%
	BS #TxRU 64
	SLS; DRX (160, 8, 100); FTP3 traffic

	
	
	Cat 2, Set 1
	
	15.8%
	UPT loss:4.54%; 
latency increase:4.76%; 
UE power increase:3.48%
	
	

	
	#TxRU_16
	Cat 1, Set 1
	
	19.2%
	UPT loss:16.92%; 
latency increase:20.36%;
UE power increase:14.70%
	
	

	
	
	Cat 2, Set 1
	
	22.1%
	UPT loss:16.92%; 
latency increase:20.36%; 
UE power increase:14.70%
	
	

	
	#TxRU_8
	Cat 1, Set 1
	
	22.1%
	UPT loss:47.48%; 
latency increase:90.42%; 
UE power increase:47.94%
	
	

	
	
	Cat 2, Set 1
	
	24.9%
	UPT loss:47.48%; 
latency increase:90.42%; 
UE power increase:47.94%
	
	

	
	#TxRU_32
	Cat 1, Set 1
	Medium
	25.3%
	UPT loss:6.39%; 
latency increase:6.83%; 
UE power increase:4.20%
	
	

	
	
	Cat 2, Set 1
	
	26.6%
	UPT loss:6.39%; 
latency increase:6.83%; 
UE power increase:4.20%
	
	

	
	#TxRU_16
	Cat 1, Set 1
	
	31.4%
	UPT loss:44.78%; 
latency increase:81.08%; 
UE power increase:32.85%
	
	

	
	
	Cat 2, Set 1
	
	36.7%
	UPT loss:44.78%; 
latency increase:81.08%; 
UE power increase:32.85%
	
	

	
	#TxRU_8
	Cat 1, Set 1
	
	36.0%
	UPT loss:87.08%; 
latency increase:647.07%; 
UE power increase:79.99%
	
	

	
	
	Cat 2, Set 1
	
	45.2%
	UPT loss:87.08%; 
latency increase:647.07%; 
UE power increase:79.99%
	
	

	
	#TxRU_32_PDSCH_PowOffset_-3dB
	Cat 1, Set 1
	Light
	18.8%
	UPT loss:9.06%; 
latency increase:9.96%; 
UE power increase:7.62%
	BS #TxRU 64;  PDSCH power offset 0 dB
	SLS; DRX (160, 8, 100); 
FTP3 traffic model;
Single value η (=1)

	
	
	Cat 2, Set 1
	
	19.7%
	UPT loss:9.06%; 
latency increase:9.96%; 
UE power increase:7.62%
	
	

	OPPO
[R1-2211458]
	Dynamic adaptation of spatial elements.
	Cat 1,Set 1
	low load(RU-10%)
	22.1%
	UPT: 550Mbps(-47.2%); 
latency: 12.41ms(+147%)
	system BW of 100MHz, 64T: (M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8)
	SLS, 8T: (M, N, P, Mg, Ng, MP, NP,) = (4, 2, 2, 1, 1, 2, 2) is used for evaluation;
FTP3 traffic model;  
A = 0.4 and η=1

	
	
	
	low load(RU-0.2%)
	13.7%
	UPT: 782.56Mbps(-21.2%); 
latency:1.79ms(+49.1%)
	
	SLS, 8T: (M, N, P, Mg, Ng, MP, NP,) = (4, 2, 2, 1, 1, 2, 2) is used for ES evaluation,;
FTP3 IM traffic model;
A = 0.4 and η=1

	Huawei,HiSilicon
[R1-2210858]
	Dynamic TRX adaption with Multiple CSIs
	Cat 2,Set 1
	10% load(low)
	7.7%
	0% UPT loss
	Dynamic TRX adaption with Single 64T CSI;
	NO C-DRX; 
Subband based CSI-feedback in every 5 slots;
FTP3 IM traffic model;
A=0.4; η=1, 0.76

	
	
	
	
	4.0%
	5% UPT loss
	
	

	
	
	
	
	3.4%
	10% UPT loss
	
	

	
	
	
	30% load(medium)
	13.0%
	0% UPT loss
	
	

	
	
	
	
	11.3%
	5% UPT loss
	
	

	
	
	
	
	9.6%
	10% UPT loss
	
	

	
	
	
	10% load(low)
	7.5%
	0% UPT loss
	
	C-DRX with (cycle, on-duration, inactivity timer) = (320, 10, 80) ms; 
Subband based CSI-feedback in every 5 slots; 
FTP3 IM traffic model;
A=0.4; η=1, 0.76 

	
	
	
	30% load(medium)
	10.9%
	0% UPT loss
	
	

	
	
	Cat 2,Set 2
	10% load(low)
	7.5%
	0% UPT loss
	
	NO C-DRX; 
Subband based CSI-feedback in every 5 slots;
FTP3 IM traffic model;
A=0.4; η=1, 0.76)

	
	
	
	
	13.2%
	5% UPT loss
	
	

	
	
	
	
	10.2%
	10% UPT loss
	
	

	
	
	
	30% load(medium)
	10.3%
	0% UPT loss
	
	

	
	
	
	
	19.2%
	5% UPT loss
	
	

	
	
	
	
	14.8%
	10% UPT loss
	
	

	ZTE,Sanechips
[R1-2211903]
	TxRU reduction
48TxRU
	Cat 2, Set 1
	Low load(RU=8.8%)
	7.8%
	1.5% UPT loss
	Baseline: 64TxRU
	FTP3: 20K packet size;η=1

	
	TxRU reduction
32TxRU
	
	Low load(RU=8.8%)
	15.5%
	4.47% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	Low load(RU=8.8%)
	23.5%
	11.06% UPT loss
	
	

	
	TxRU reduction
48TxRU
	
	light load(RU=20%)
	10.8%
	1.5% UPT loss
	
	

	
	TxRU reduction
32TxRU
	
	light load(RU=20%)
	21.7%
	7.06% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	light load(RU=20%)
	33.7%
	15.31% UPT loss
	
	

	
	TxRU reduction
48TxRU
	
	medium load(RU=32%)
	12.5%
	3.34% UPT loss
	
	

	
	TxRU reduction
32TxRU
	
	medium load(RU=32%)
	24.6%
	10.44% UPT loss
	
	

	
	Dynamic TxRUs adaptation via multi-CSI
	
	Low load(RU=8.8%)
	27.1%
	0.9% UPT loss
	
	

	
	
	
	light load(RU=20%)
	28.7%
	1.5% UPT loss
	
	

	
	
	
	light load(RU=20%)
	31.3%
	7% UPT loss
	
	

	
	
	
	medium load(RU=32%)
	23.8%
	1.17% UPT loss
	
	

	
	TxRU reduction
48TxRU
	
	Low load(RU=10%)
	5.6%
	6.89% UPT loss
	
	FTP3: 0.1M packet size,η=1

	
	TxRU reduction
32TxRU
	
	Low load(RU=10%)
	11.0%
	18.39% UPT loss
	
	

	
	TxRU reduction
48TxRU
	
	light load(RU=20%)
	9.1%
	6.32% UPT loss
	
	

	
	TxRU reduction
32TxRU
	
	light load(RU=20%)
	18.6%
	14.88% UPT loss
	
	

	
	TxRU reduction
48TxRU
	
	light load(RU=40%)
	11.8%
	8.01% UPT loss
	
	

	
	TxRU reduction
32TxRU
	
	light load(RU=40%)
	25.0%
	20.88% UPT loss
	
	

	
	Dynamic TxRUs adaptation via multi-CSI
	
	Low load(RU=10%)
	7.6%
	3.1% UPT loss
	
	

	
	
	
	Low load(RU=10%)
	11.1%
	5.04% UPT loss
	
	

	
	
	
	Low load(RU=10%)
	12.7%
	6.03% UPT loss
	
	

	
	
	
	light load(RU=20%)
	13.8%
	2.52% UPT loss
	
	

	
	
	
	light load(RU=20%)
	16.3%
	4.13% UPT loss
	
	

	
	
	
	light load(RU=20%)
	18.7%
	5.15% UPT loss
	
	

	
	
	
	light load(RU=20%)
	21.1%
	6.96% UPT loss
	
	

	
	
	
	light load(RU=40%)
	15.7%
	2.89% UPT loss
	
	

	
	
	
	light load(RU=40%)
	17.1%
	4.16% UPT loss
	
	

	
	TxRU reduction
24TxRU
	Cat 2, Set 2
	Low load(RU=5%)
	4.8%
	2.03% UPT loss
	Baseline: 32TxRU
	FTP3: 20K packet size,η=1

	
	TxRU reduction
16TxRU
	
	Low load(RU=5%)
	9.6%
	5.61% UPT loss
	
	

	
	TxRU reduction
8TxRU
	
	Low load(RU=5%)
	14.8%
	12.5% UPT loss
	
	

	
	TxRU reduction
24TxRU
	
	light load(RU=11%)
	8.0%
	3.07% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	light load(RU=11%)
	15.9%
	9.75% UPT loss
	
	

	
	TxRU reduction
8TxRU
	
	light load(RU=11%)
	25.3%
	19.36% UPT loss
	
	

	
	TxRU reduction
24TxRU
	
	light load(RU=20%)
	9.6%
	5.19% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	light load(RU=20%)
	19.7%
	12.87% UPT loss
	
	

	
	TxRU reduction
8TxRU
	
	light load(RU=20%)
	32.1%
	23.931% UPT loss
	
	

	
	TxRU reduction
24TxRU
	
	Low load(RU=5%)
	7.9%
	0.42% UPT loss
	
	FTP3: 4K packet size, η=1

	
	TxRU reduction
16TxRU
	
	Low load(RU=5%)
	15.8%
	1.72% UPT loss
	
	

	
	TxRU reduction
8TxRU
	
	Low load(RU=5%)
	24.3%
	3.54% UPT loss
	
	

	
	TxRU reduction
24TxRU
	
	light load(RU=13%)
	11.2%
	0.67% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	light load(RU=13%)
	22.7%
	1.5% UPT loss
	
	

	
	TxRU reduction
8TxRU
	
	light load(RU=13%)
	35.0%
	3.84% UPT loss
	
	

	
	TxRU reduction
24TxRU
	
	light load(RU=28%)
	14.0%
	1.86% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	light load(RU=28%)
	27.8%
	6.16% UPT loss
	
	

	
	TxRU reduction
8TxRU
	
	light load(RU=28%)
	43.4%
	14.15% UPT loss
	
	

	
	TxRU reduction
24TxRU
	
	light load(RU=48%)
	14.3%
	5.07% UPT loss
	
	

	
	TxRU reduction
16TxRU
	
	light load(RU=48%)
	29.4%
	14.63% UPT loss
	
	

	
	Dynamic TxRUs adaptation via multi-CSI
	
	Low load(RU=5%)
	18.1%
	0.62% UPT loss
	
	

	
	
	
	light load(RU=13%)
	23.7%
	0.16% UPT loss
	
	

	
	
	
	light load(RU=28%)
	19.4%
	0.74% UPT loss
	
	

	
	
	
	light load(RU=48%)
	13.7%
	1.01% UPT loss
	
	

	Vivo
[R1-2211018
, R1-2212541]
	Dynamic antenna port adaptation
(antenna ports are dynamically adapted (between 64 ports and 8 ports) according to the cell traffic load, in every slot)
	Cat 1, Set 1
	12.38%
	9.4%
	UPT loss:0.36%; 
latency increase:-0.08%; 
UE power increase:-0.02%
	Baseline: antenna ports are always 64
	SLS; No UE DRX; FTP3 traffic model,A=0.4, η=1

	
	
	
	12.57%
	9.4%
	UPT loss:1.98%; 
latency increase:-2.20%; 
UE power increase:-0.04%
	
	

	
	
	
	15.31%
	6.8%
	UPT loss:12.26%; 
latency increase:-14.20%; 
UE power increase:-1.35%
	
	

	
	
	Cat 2, Set 1
	12.52%
	8.1%
	UPT loss:2.12%; 
latency increase:-2.35%; 
UE power increase:-0.17%
	
	

	
	
	
	13.16%
	8.1%
	UPT loss:6.48%; 
latency increase:-8.25%; 
UE power increase:-0.45%
	
	

	
	
	
	16.42%
	6.7%
	UPT loss:18.50%; 
latency increase:-38.22%; 
UE power increase:-1.96%
	
	

	NOKIA/NSB
[R1-2211097]
	Reduced number of TX to 32
	Cat 2, Set 1
	Low 
	27.6%
	UPT: 163,26 Mbps
	Single cell operation as per SET1 (64 TRX).
UEs are initially in RRC_CONNECTED state
	SLS+Post-processing; FTP3 traffic model; A=0,4; Single value η (=1)

	
	
	
	Light 
	28.5%
	UPT: 117,64 Mbps
	
	

	
	
	
	Medium
	29.5%
	UPT: 75,47 Mbps
	
	

	Intel
[R1-2211410]
	Antenna port adaptation
	Cat 1, Set 1
	Low
	19.1%
	UPT Baseline: 819.7Mbps
UPT ES: 731.1Mbps; 
Avg EE (baseline): 5.11
Avg EE (ES): 5.46
	Baseline: 64Tx (fixed)
ES: 32Tx (fixed)
	SLS
No C-DRX used for UEs;
CSI feedback based on SRS;
FTP3 traffic model; A = 0.4;
η(s_f,s_p )=1 for any sf, sp;

	
	
	
	
	27.3%
	UPT Baseline: 819.7Mbps
UPT ES: 585.5Mbps; 
Avg EE (baseline): 5.11
Avg EE (ES): 4.81
	Baseline: 64Tx (fixed)
ES: 16Tx (fixed)
	

	
	
	
	
	4.5%
	UPT Baseline: 819.7Mbps
UPT ES: 801.8Mbps; 
Avg EE (baseline): 5.11
Avg EE (ES): 5.07
	Baseline: 64Tx (fixed)
ES: variable
	

	
	
	
	Light
	25.7%
	UPT Baseline: 611.5Mbps
UPT ES: 539.8Mbps; 
Avg EE (baseline): 2.67
Avg EE (ES): 3.11
	Baseline: 64Tx (fixed)
ES: 32Tx (fixed)
	

	
	
	
	
	35.7%
	UPT Baseline: 611.5Mbps
UPT ES: 400.3Mbps; 
Avg EE (baseline): 2.67
Avg EE (ES): 2.73
	Baseline: 64Tx (fixed)
ES: 16Tx (fixed)
	

	
	
	
	
	1.9%
	UPT Baseline: 611.5Mbps
UPT ES: 606.7Mbps; 
Avg EE (baseline): 2.67
Avg EE (ES): 2.71
	Baseline: 64Tx (fixed)
ES: variable
	

	
	
	
	Medium
	29.6%
	UPT Baseline: 457.9Mbps
UPT ES: 389.3Mbps; 
Avg EE (baseline): 1.5
Avg EE (ES): 1.84
	Baseline: 64Tx (fixed)
ES: 32Tx (fixed)
	

	
	
	
	
	41.8%
	UPT Baseline: 457.9Mbps
UPT ES: 243.9Mbps; 
Avg EE (baseline): 1.5
Avg EE (ES): 1.67
	Baseline: 64Tx (fixed)
ES: 16Tx (fixed)
	

	
	
	
	
	0.0%
	UPT Baseline: 457.9Mbps
UPT ES: 457.8Mbps; 
Avg EE (baseline): 1.5
Avg EE (ES): 1.50
	Baseline: 64Tx (fixed)
ES: variable
	

	CATT
[R1-2211210]
	Dynamic adaptation of spatial elements
	Cat 1, Set 1
	Low load
	6.8%
	UPT loss:0.32%
	SLS;  (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);SSB periodicity 20ms;CSI-RS/TRS 10ms;TxRU= 64.
	SLS;  (cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
SSB periodicity 20ms;CSI-RS/TRS 10ms;dynamic spatial antenna adaptation:
gNB dynamic adaptation of the number of TxRU from 64TxRU to 32 TxRU; 
FTP3 traffic model; A=0.4; η(s_f, s_p)=1.

	
	
	
	Light load
	12.2%
	UPT loss:0.62%
	
	

	
	
	
	Medium load
	18.0%
	UPT loss:3.8%
	
	

	
	
	
	Low load
	6.9%
	UPT loss:1.5%
	SLS; SSB periodicity 20ms;CSI-RS/TRS 10ms;TxRU= 64.
	SLS; No DRX; 
SSB periodicity 20ms;CSI-RS/TRS 10ms;dynamic spatial antenna adaptation:
gNB dynamic adaptation of the number of TxRU from 64TxRU to 32 TxRU; 
A=0.4; η(s_f, s_p)=1.

	
	
	
	Light load
	12.3%
	UPT loss:1.6%
	
	

	
	
	
	Medium load
	19.6%
	UPT loss:1.8%
	
	

	Fujitsu
[R1-2211085]
	Dynamic TxRU adaptation 
	Cat 2, Set 1
	low
	24.1%
	5.7% average UPT loss
	BS #TxRU=64
	CSI feedback period = 20ms, feedback delay = 4ms, 
immediate antenna adaptation delay
gNB dynamically turns out half of the TxRUs if the DL data in the buffer is expected to be transmitted in the next slot; 
FTP3 traffic model; A=0.4; Single value η (=1)

	
	
	
	light
	18.6%
	4.1% average UPT loss
	
	

	
	
	
	medium
	12.0%
	2.3% average UPT loss
	
	

	
	
	Cat 2, Set 2
	low
	26.5%
	0.6% average UPT loss
	BS #TxRU=32
	

	
	
	
	light
	20.0%
	0.5% average UPT loss
	
	

	
	
	
	medium
	12.8%
	0.3% average UPT loss
	
	

	Ericsson
[R1-2212154]
	BS #TxRU 32
	Cat1, Set 1
	Low
	15.0%
	UPT loss of 1% for 95-%, 
UPT loss of 2% for 50-%
UPT loss of 8% for 5-%
	BS #TxRU 64
	1 SSB
Single value η (=1)
FTP3 traffic model

	
	
	
	Light
	21.2%
	UPT loss of 3% for 95-%, 
UPT loss of 6% for 50-%
UPT loss of 12% for 5-%
	
	

	
	
	
	Medium
	22.4%
	UPT loss of 3% for 95-%, 
UPT loss of 14% for 50-%
UPT loss of 22% for 5-%
	
	

	
	BS #TxRU 16
	
	Low
	21.4%
	UPT loss of 3% for 95-%, 
UPT loss of 5% for 50-%
UPT loss of 14% for 5-%
	
	

	
	
	
	Light
	31.6%
	UPT loss of 6% for 95-%, 
UPT loss of 15% for 50-%
UPT loss of 44% for 5-%
	
	

	
	
	
	Medium
	36.6%
	UPT loss of 8% for 95-%, 
UPT loss of 25% for 50-%
UPT loss of 33% for 5-%
	
	

	Qualcomm
[R1-2212128]
	#TxRU reduction (64 to 32)
	Cat 1, Set 1
	Low
	29.4%
	UPT loss at 50%tile: 31%; DL SINR loss at 5% tile: 4.5dB
	BS #TxRU 64
	FTP3 traffic model

	
	
	
	Light
	28.6%
	UPT loss at 50%tile: 30%; DL SINR loss at 5% tile: 6.5dB
	
	

	Samsung
[R1-2212056]
	#TxRU_32
	Cat 1, Set 1
	Medium
	46.8%
	UPT loss: 12.97%; 
latency increase: 16.69%; Reference traffic: 27.87 % RU
Reduced traffic: 32.28 % RU
	BS #TxRU 64
	Port adaptation from 64 to 32 TxRU 
FTP3 traffic model

	
	
	
	Light
	47.8%
	UPT loss: 14.70%; latency increase: 16.84%; Reference traffic: 14.21 % RU
Reduced traffic: 16.94 % RU
	
	

	
	
	
	Low 
	49.4%
	UPT loss: 19.19%; 
latency increase: 17.46%; Reference traffic: 3.48 % RU
Reduced traffic: 4.05 % RU
	
	

	
	
	
	Low 
	49.4%
	UPT loss: 25.12%; 
latency increase: 16.66%; Reference traffic: 1.29 % RU
Reduced traffic: 1.56 % RU
	
	



Based on the results, it is observed that BS energy savings can be achieved by 3.4%~49.4% at all loads for different sets of reference configurations with FTP3 for FTP3 IM traffic models, with or without UE C-DRX configuration, compared to no dynamic antenna adaption. The gain depends on whether there is multiple CSI report assistance, and the number of antenna ports that can be adapted. More number of elements are reduced, more gain can be generally obtained. One result reports that when dynamic antenna adaptation is variably changed, the gain is reduced to a range of 0~4.5%. One result reports that additional gain can be obtained when this scheme is combined with PDSCH power offset.
When there is no multiple CSI report assistance, the BS energy saving gain comes at the expense of UPT loss which can be up to 87.08%. When there is multiple CSI report assistance, the gain remains in the range of 3.4%~31.3% with UPT loss mitigated/reduced to less than 10% or no UPT loss. 
On latency, there is negative impact observed in three results and the increment becomes larger as the number of reduced antenna ports becomes larger. There is also one result showing that the latency can be slightly reduced. 
On UE power consumption, one result shows that there is increase and one result shows there can be slight UE power savings.
Additionally, one result shows that the average EE can be generally increased except for the low load case where number of antenna is reduced from 64 to 16, and the case of antenna number variably changing.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.3.1.3	Specification impacts
6.3.2	Technique C-2 ZZZ
6.3.2.1	Description of technique
6.3.2.2	Analysis of performance and impacts
=== draftTP C-2: start ===
The following capture the results for TRP muting in multi-TRP operation.
Table 6.1.1-x: BS energy savings by TRP muting in multi-TRP operation
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	UPT/latency/UE power consumption/ Other KPIs
	Baseline configuration/assumption
	Evaluation methodology/assumption details

	NOKIA/NSB
[R1-2211097]
	Reduced number of TRPs
	Cat 2, Set 1
	Low
	38.8%
	UPT loss: -14.49%
	2 TRPs are assumed.
UEs are initially in RRC_CONNECTED state.
	SLS+Post-processing,
FTP3 traffic model; A=0,4; Single value η (=1). 
70% of the P_Static among TRPs

	
	
	
	Light
	37.2%
	UPT loss: -14.14%
	
	

	
	
	
	Medium
	36.9%
	UPT loss: -7.27%
	
	

	CATT
[R1-2211210]
	TRP muting/adaptation in multi-TRP operation
	Cat 1, Set 1
	Low load
	28.4%
	UE power: 50.6;
UE ESG:12.7%
	M-TRP configuration: 
One cell is configured with 2TRPs;
Both of TRP are activated.
	SLS; (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
SSB periodicity 20ms;
CSI-RS/TRS 10ms;
TRP OFF: 160ms SSB/CSI-RS transmission.
When TRP is activated, additional CSI-RS/TRS is transmitted before data scheduling. FTP3 traffic model; A=0.4; η(s_f, s_p)=1.

	
	
	
	Light load
	28.7%
	UE power: 50.6;
UE ESG:12.7%
	
	

	
	
	
	Medium load
	19.7%
	UE power: 51.6;
UE ESG:12.4%
	
	

	Qualcomm
[R1-2212128]
	TRP reduction (2 to 1)
	Cat 1, Set 1
	Low
	41.6%
	UPT loss at 50%-tile: 16%
	2 TRPs, each with 64 TxRUs
	FTP3 traffic model

	
	
	
	Light
	39.0%
	UPT loss at 50%-tile: 22% 
	
	



Based on the results, BS energy savings can be achieved by 19.7%~41.6% for two TRPs configuration at different loads, at the expense of UPT loss. 
For the BS energy saving gain around 36.9%~41.6%, UPT loss is observed by 7.27%~22%.
For the BS energy saving gain around 19.7%~28.7%, it is also observed from one result (CATT) that UE power savings can be achieved by about 12%.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.3.2.3	Specification impacts
6.3.z	Impacts on network interfaces

6.4	Techniques in power domain
6.4.1	Technique D-1 WW
6.4.1.1	Description of technique
6.4.1.2	Analysis of performance and impacts
=== draftTP D-1: start ===
The following capture the results for adaptation of transmission power of signals and channels.
Table 6.1.1-x: BS energy savings by dynamic transmission power adaptation
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	Baseline configuration/assumption
	Other KPI

	MTK
[R1-2212259]
	PDSCH_PowOffset_-3dB
	Cat 1
	Light
	8.7%
	Baseline：PDSCH power offset 0 dB
ES scheme：PDSCH power offset -3/-6/-9 dB
reference configuration：Set1
FTP3，DRX (160, 8, 100)，Single value η (=1)
	UPT:2.03%,UE power comsumption:1.80%,ltency:2.07%

	
	PDSCH_PowOffset_-6dB
	
	
	11.1%
	
	UPT:5.66%,UE power comsumption:4.47%,latency:6.00%

	
	PDSCH_PowOffset_-9dB
	
	
	9.0%
	
	UPT:10.80%,UE power comsumption:9.17%,latency:12.11%

	
	PDSCH_PowOffset_-3dB
	
	Medium
	13.9%
	
	UPT:3.28%,UE power comsumption:2.46%,latency:3.39%

	
	PDSCH_PowOffset_-6dB
	
	
	18.7%
	
	UPT:8.97%,UE power comsumption:6.80%,latency:9.85%

	
	PDSCH_PowOffset_-9dB
	
	
	17.7%
	
	UPT:19.49%,UE power comsumption:14.78%,latency:24.21%

	
	PDSCH_PowOffset_-3dB
	Cat 2
	Light
	8.7%
	
	UPT:2.03%,UE power comsumption:1.80%,latency:2.07%

	
	PDSCH_PowOffset_-6dB
	
	
	11.8%
	
	UPT:5.66%,UE power comsumption:4.47%,.latency:6.00%

	
	PDSCH_PowOffset_-9dB
	
	
	11.2%
	
	UPT:10.80%,UE power comsumption:9.17%,latency:12.11%

	
	PDSCH_PowOffset_-3dB
	
	Medium
	14.7%
	
	UPT:3.28%,UE power comsumption:2.46%,latency:3.39%

	
	PDSCH_PowOffset_-6dB
	
	
	20.6%
	
	UPT:8.97%,UE power comsumption:6.80%,latency:9.85%

	
	PDSCH_PowOffset_-9dB
	
	
	21.0%
	
	UPT:19.49%,UE power comsumption:14.78%,latency:24.21%

	
	#TxRU_32_PDSCH_PowOffset_-3dB
	Cat 1
	Light
	18.8%
	Baseline：PDSCH power offset 0 dB,BS #TxRU 64
ES scheme：PDSCH power offset -3 dB, BS #TxRU 32
reference configuration：Set1
FTP3，DRX (160, 8, 100)，Single value η (=1)
	UPT:9.06%,UE power comsumption:7.62%,latency:9.96%

	
	
	Cat 2
	
	19.7%

	
	UPT:9.06%,UE power comsumption:7.62%,latency:9.96%

	Huawei，HiSilicon
[R1-2210858]

	Dynamic Power back-off with Multiple CSIs

	Cat 2

	30% load(medium)

	5.3%
	baseline: Dynamic Power back-off with Single CSI
ES scheme: Dynamic Power back-off with Multiple CSIs
reference configuration: Set1
FTP3 IM, NO C-DRX; Subband based CSI-feedback in every 5 slots, slot level with time-domain scaling; A=0.4; η=1, 0.76(s_f*s_p<0.5)
	UPT: 0% loss

	
	
	
	
	7.3%
	baseline: Dynamic Power back-off with Single CSI
ES scheme: Dynamic Power back-off with Multiple CSIs
reference configuration: Set1
VoIP, NO C-DRX; Subband based CSI-feedback in every 5 slots, slot level with time-domain scaling; A=0.4; η=1, 0.76(s_f*s_p<0.5)
	

	
	
	
	
	6.9%
	baseline: Dynamic Power back-off with Single CSI
ES scheme: Dynamic Power back-off with Multiple CSIs
reference configuration: Set2
VoIP, NO C-DRX; Subband based CSI-feedback in every 5 slots, slot level with time-domain scaling; A=0.4; η=1, 0.76(s_f*s_p<0.5)
	

	
	
	
	
	11.5%
	baseline: Dynamic Power back-off with Single CSI
ES scheme: Dynamic Power back-off with Multiple CSIs
reference configuration: Set2
VoIP, 4T for Set 2,NO C-DRX; Subband based CSI-feedback in every 5 slots, slot level with time-domain scaling; A=0.4; η=1, 0.76(s_f*s_p<0.5)
	

	
	
	
	
	5.3%
	baseline: Dynamic Power back-off with Single CSI
ES scheme: Dynamic Power back-off with Multiple CSIs
reference configuration: Set2
FTP3 IM, 4T for Set 2, NO C-DRX; Subband based CSI-feedback in every 5 slots, slot level with time-domain scaling; A=0.4; η=1, 0.76(s_f*s_p<0.5)
	

	ZTE,Sanechips
[R1-2211903]


	PDSCH PSD reduction
53.75dBm

	Cat 2
	Low load(RU=10%)
	2.3%
	Baseline: 55dBm
reference configuration:Set 1: FR1 TDD, FTP3: 20K packet size, slot-level,Pstatic=P3, η=1
	0.56% UPT loss

	
	
	
	light load(RU=20%)
	4.4%
	
	1.82% UPT loss

	
	
	
	Low load(RU=31%)
	6.0%
	
	3.8% UPT loss

	
	PDSCH PSD reduction
52dBm

	
	Low load(RU=10%)
	6.4%
	
	1.26% UPT loss

	
	
	
	light load(RU=20%)
	10.1%
	
	1.83% UPT loss

	
	
	
	Low load(RU=31%)
	12.9%
	
	2.38% UPT loss

	
	
	
	light load(RU=4.7%)
	3.9%
	Baseline: 55dBm
reference configuration:Set 1: FR1 TDD, FTP3: 0.5M packet size, slot-level,Pstatic=P3, η=1
	5.74% UPT loss

	
	
	
	light load(RU=9.6%)
	7.0%
	
	4.32% UPT loss

	
	
	
	light load(RU=23.5%)
	12.2%
	
	5.48% UPT loss

	
	
	
	light load(RU=38.4%)

	16.6%
	
	9.81% UPT loss

	
	PDSCH PSD reduction
47.75dBm

	
	Low load(RU=13%)
	5.9%
	Baseline: 49dBm
reference configuration:Set 2: FR1 FDD, FTP3: 0.1M packet size, slot-level,Pstatic=P3, η=1
	0.64% UPT loss

	
	
	
	light load(RU=29%)
	8.6%
	
	0.05% UPT loss

	
	PDSCH PSD reduction
46dBm

	
	Low load(RU=13%)
	11.8%
	
	1.56% UPT loss

	
	
	
	light load(RU=29%)
	17.0%
	
	0.75% UPT loss

	
	Dynamic PDSCH PSD adaptation via multi-CSI
	
	Low load(RU=10%)
	12.1%
	Baseline: 55dBm
reference configuration:Set 1: FR1 TDD, FTP3: 20K packet size, slot-level,Pstatic=P3, η=1
	0.38% UPT loss

	
	
	
	light load(RU=20%)
	16.6%
	
	0.35% UPT loss

	
	
	
	Low load(RU=31%)
	23.8%
	
	1.17% UPT loss

	
	
	
	Low load(RU=31%)
	16.4%
	
	0.27% UPT loss

	NOKIA/NSB
[R1-2211097]


	Reduced DL transmit power by 3dB
	Cat 2
	Low

	9.8%
	Baseline: MaximumTx power of 49 dBm.UEs are initially in RRC_CONNECTED state
reference configuration:Set 2, DL-FTP3, A=0,4; Single value η (=1)
SLS
	UPT:144 Mbps

	
	Reduced DL transmit power by 6dB
	
	
	12.2%
	
	UPT:134 Mbps

	
	Reduced DL transmit power by 9dB
	
	
	13.4%
	
	UPT:119 Mbps

	
	Reduced DL transmit power by 3dB
	
	Light
	15.4%
	
	UPT:104 Mbps

	
	Reduced DL transmit power by 6dB
	
	
	19.7%
	
	UPT:97 Mbps

	
	Reduced DL transmit power by 9dB
	
	
	17.9%
	
	UPT:88 Mbps

	
	Reduced DL transmit power by 3dB
	
	Medium
	16.2%
	
	UPT:76 Mbps

	
	Reduced DL transmit power by 6dB
	
	
	23.4%
	
	UPT:70 Mbps

	
	Reduced DL transmit power by 9dB
	
	
	24.7%
	
	UPT:63 Mbps

	DCM
[R1-2211994]

	PDSCH_PowOffset_-6dB
	Cat 1
	Light
	6.6%
	Baseline:PDSCH power offset 0 dB
reference configuration:Set 1,FTP3, A=0.4, Single value η (=1)
	UPT:-1.00%

	
	PDSCH_PowOffset_-12dB
	
	
	8.3%
	
	UPT:-2.60%

	
	PDSCH_PowOffset_-18dB
	
	
	8.7%
	
	UPT:-5.70%

	
	PDSCH_PowOffset_-6dB
	
	Medium
	15.5%
	
	UPT:-2.50%

	
	PDSCH_PowOffset_-12dB
	
	
	19.5%
	
	UPT:-2.00%

	
	PDSCH_PowOffset_-18dB
	
	
	20.4%
	
	UPT:-5.80%

	
	PDSCH_PowOffset_-6dB
	
	High
	24.1%
	
	UPT:3.10%

	
	PDSCH_PowOffset_-12dB
	
	
	29.9%
	
	UPT:0.70%

	
	PDSCH_PowOffset_-18dB
	
	
	31.4%
	
	UPT:0%

	Intel
[R1-2211410]
	Transmit Power Adaptation/ -12dB power

	Cat1
	Low
	19.2%
	Baseline: Full power
SLS; No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;
Slot level model
For scaling:
A = 0.4;
η(s_f,s_p )=1 for any sf, sp;
	Baseline: 819.7 Mbps
ES: 746 Mbps
Avg EE (Baseline): 5.10
Avg EE (ES) : 5.43

	
	
	
	Light
	28.2%
	
	Baseline: 611.5 Mbps
ES: 567.5 Mbps
Avg EE (Baseline): 2.66
Avg EE (ES) : 3.25

	
	
	
	Medium
	34.3%
	
	Baseline: 457.9 Mbps
ES: 415.1 Mbps
Avg EE (Baseline): 1.5
Avg EE (ES) : 2.03

	
	Transmit Power Adaptation/ -6dB power

	
	Low
	17.6%
	
	Baseline: 819.7 Mbps
ES: 798.5 Mbps
Avg EE (Baseline): 5.10
Avg EE (ES) : 5.83

	
	
	
	Light
	25.4%
	
	Baseline: 611.5 Mbps
ES: 604.8 Mbps
Avg EE (Baseline): 2.66
Avg EE (ES) : 3.41

	
	
	
	Medium
	30.0%
	
	Baseline: 457.9 Mbps
ES: 450.7 Mbps
Avg EE (Baseline): 1.5
Avg EE (ES) : 2.06

	CATT
[R1-2211210]
	Adaptation of transmission power of signals and channels

	Cat 1
	Low load
	3.9%
	Baseline:SSB periodicity 20ms;CSI-RS/TRS 10ms;Transmission power:55dBm;
reference configuration:Set 1, FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes;
A=0.4; η(s_f, s_p)=1.

	UPTloss:1.6%

	
	
	
	Light load
	7.7%
	
	UPTloss:1.8%

	
	
	
	Medium load
	9.1%
	
	UPTloss:2.8%

	
	
	
	Low load
	4.1%
	Baseline: SSB periodicity 20ms;CSI-RS/TRS 10ms;(DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);Power domain adaptation;
reference configuration:Set 1, FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes;
A=0.4; η(s_f, s_p)=1.

	UPTloss:1.9%

	
	
	
	Light load
	7.7%
	
	UPTloss:3.9%

	
	
	
	Medium load
	11.2%
	
	UPTloss:3.1%

	Ericsson
[R1-2212154]
	Tx power adaptation (reduction up to 12 dB)

	Cat1
	Low
	20.9%
	Baseline: BS Tx power 55 dBm
reference configuration:Set 1,FTP3
1 SSB
Single value η (=1)
	UPT loss of 1% for 95-% UE, 
UPT loss of 3% for 50-% UE
UPT loss of 22% for 5-% UE

	
	
	
	Light
	40.5%
	
	UPT loss of 1% for 95-% UE, 
UPT loss of 8% for 50-% UE
UPT loss of 36% for 5-% UE

	
	
	
	Medium
	47.6%
	
	UPT loss of 0% for 95-% UE, 
UPT loss of 9% for 50-% UE
UPT loss of 13% for 5-% UE

	
	Tx power adaptation (reduction up to 6 dB)

	
	Low
	17.7%
	
	UPT loss of 1% for 95-% UE, 
UPT loss of 1% for 50-% UE
UPT loss of 2% for 5-% UE

	
	
	
	Light
	33.0%
	
	UPT loss of 0% for 95-% UE, 
UPT loss of 4% for 50-% UE
UPT loss of 7% for 5-% UE

	
	
	
	Medium
	38.5%
	
	UPT loss of 2% for 95-% UE, 
UPT loss of 9% for 50-% UE
UPT loss of 7% for 5-% UE

	Samsung
[R1-2212056]
	Transmission power adaptation

	Cat 1
	Reference traffic:
7.5 % RU
Reduced traffic:
4.4 % RU
	51.5%
	Baseline: BS Tx power 55 dBm
reference configuration:Set 1,FTP3
a static part of power for BS: P_3
A: 0.4
For eta, If two values of η(s_f,s_p ) are used for evaluation,η(s_f,s_p ) = 0.76 if s_f*s_p <0.5; otherwise, η(s_f,s_p )=1.
46.5 and 5.2 relative power per a SSB for Cat 1 and Cat 2
	UPT:10.40%, Packet latency: 24.7%
Scheduling latency: No increase

	
	
	Cat 2
	
	17.5%
	
	UPT:10.40%, Packet latency: 24.7%
Scheduling latency: No increase

	Qualcomm
[R1-2212128]
	Tx power reduction (55dBm to 52dBm)

	Cat 1
	Low
	13.1%
	Baseline: BS BS #TxRU 64 with 55dBm Tx power
reference configuration:Set 1,FTP3
	UPT lsss at 50%-tile: 10%,
DL SINR loss at 5% tile: 4dB

	
	
	
	Light
	6.6%
	
	UPT loss at 50%-tile: 16%,
DL SINR loss at 5% tile: 3dB



Based on the results, dynamic transmission power reduction on PDSCH can achieve BS energy savings gain at all load cases for both Set 1 FR1 TDD and Set 2 FR1 FDD including 4Tx BS antenna configuration, for both BS categories with FTP3 or FTP3 IM model, with or without UE C-DRX configuration. The presented gain varies in the range of 2.3%~51.5%, depending on the exact traffic load, power reduction level (power offset w.r.t. PDSCH) and CSI feedback assistance. The gain generally increases as the traffic load increases except that one result (Qualcomm) show reduced energy savings when the traffic load is from low to light. The gain can also increase when transmission power reduction level becomes higher, but the increment may become slower.
Compared to the baseline of no power reduction, 0.5%~19.49% UPT loss is observed, while with power reduction level less than 9dB, UPT loss is less than 10%. With multi-CSI assistance, the UPT loss can be further mitigated to less than 1% or no loss. One result (Samsung) reports no impact on scheduling latency while one result (MediaTek) reports increased latency by less than 10% in most cases. 
On UE power consumption, one result (MediaTek) shows less than 10% increment is observed in most cases.
One result (Intel) shows this scheme can increase the average EE and one result (Qualcomm) shows negative impact by 3 dB on DL SINR.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.4.1.3	Specification impacts
6.4.2	Technique D-2 WWW
6.4.2.1	Description of technique
6.4.2.2	Analysis of performance and impacts
=== draftTP D-3: start ===
The following capture the results by Channel Aware Tone reservation.
Table 6.1.1-x: BS energy savings by Channel Aware Tone reservation
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	Baseline configuration/assumption
	Other KPI
	Note

	Qualcomm
[R1-2212129]
	PA Backoff reduction of 1-3dB due to PAPR reduction from Channel Aware Tone reservation
	Cat 1
	
	9.5%
	Set 3
	UPT:0.00%
latency: 0%
UE power consumption: 0%

	Evaluation showing utilization of PAPR reduction, where the PAPR reduction is used to reduce the backoff PA attribute (Pmax) while maintaining the TX power and signal EVM

The Backoff also compensates for the tones used for the TR signal, thus no UPT loss occurs

Comparing Channel Aware Tone Reservation to Transparent Tone Reservation

	
	
	
	
	2.1%
	
	
	

	
	
	
	
	4.4%
	Set 1
	
	

	
	
	
	
	2.1%
	
	
	


It is observed that channel aware tone reservation can achieve PA back-off reduction of 1-3 dB which leads to 2.1%~9.5% BS energy saving gains depending on configurations, compared with transparent tone reservation. 
On UPT/latency, no negative impact is observed.
No impact on UE power consumption.
=== end ===
	Company
	Comments

	
	

	
	

	
	




6.4.2.3	Specification impacts

6.4.3	Technique D-5 adaptation of transceiver processing algorithm
6.4.3.1	Description of technique
6.4.3.2	Analysis of performance and impacts
=== draftTP D-5: start ===
The following capture the results for UE post-distortion.
Table 6.1.1-x: BS energy savings by [UE post-distortion]
	Company
	ES scheme
	BS Category
	Load scenario
	ES gain (%)
	Baseline configuration/assumption
	Other KPI
	Note

	Qualcomm
[R1-2212129]
	UE post-distortion 
	Cat 1
	
	16.1%
	Set 3
	UPT:0.00%
latency: 0%
	Evaluation showing utilization of PAPR reduction, where the PAPR reduction is used to reduce the backoff PA attribute (Pmax) while maintaining the TX power and signal EVM

The Backoff also compensates for the tones used for the TR signal, thus no UPT loss occurs

Processing and power consumption of the UE depends on the UE receiver’s design for DPoD.



It is observed that UE post-distortion can achieve BS energy saving by 16.1% for Set 3 reference configuration.
On UPT or latency, there is no negative impact observed.
The impact on UE power consumption depends on UE receiver’s design for DPoD.
=== end ===
	Company
	Comments

	
	

	
	

	
	



6.4.2.3	Specification impacts

6.4.z	Impacts on network interfaces
6.5	Other energy saving aspects and techniques
Editor's note: placeholder.

6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.

[bookmark: _Toc104496584][bookmark: _Toc104497313][bookmark: startOfAnnexes]7	Conclusions
=== draftTPX: start ===
TBD
=== end ===
	Company
	Comments

	
	

	
	

	
	



