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Introduction
[bookmark: _Hlk66110521]The following objective has been agreed upon for the new study on network energy savings in Rel-18 [1].
	RP-213554, New SI-Study on network energy savings for NR, Huawei
Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3] Note: Other techniques are not precluded


This contribution provides our views on the initial observations and potential techniques for network energy savings.
Evaluation methodology
We evaluate the energy-saving techniques based on the following BS energy model in Table 1.
[bookmark: _Ref101186497][bookmark: _Ref101259716]Table 1: BS energy model
	Energy State
	Characteristics
	Relative Energy 

	Sleep 
	 Deep Sleep
	Enter if the time interval staying in Light Sleep is larger than the required idle time. It also requires additional transition time from/to Light Sleep.
	[1]

	
	 Light Sleep

	Enter if the time interval staying in Micro Sleep is larger than the required idle time. It also requires additional transition time from/to Micro Sleep.
	[2]

	
	 Micro Sleep
	Assume immediate transition from or to a non-sleep state
	[10]

	Active
	RS only transmission
	RS transmission, including SSB or CSI-RS/TRS. 
	[100]

	
	DL transmission
	Assume DL transmission with 100 MHz bandwidth. 
	[250]


This BS energy model has a transition time between each energy state. Table 2 shows our values.
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Figure 1: the state machine for energy states
[bookmark: _Ref91583292]Table 2: The transition threshold and delay in the gNB energy state machine
	Sleep Mode
	Idle-time threshold,  [ms]
	Transition delay,  [ms] 

	Micro Sleep (SM 1)
	-
	-

	Light Sleep (SM 2)
	1
	1

	Deep Sleep (SM 3)
	10
	9


For the low or medium scenarios, we assume UE has different applications. For each application, the NW energy-saving techniques should prevent performance loss. Table 3 shows the related traffic modes.
[bookmark: _Ref92103811][bookmark: _Hlk100767498]Table 3: Traffic models and the parameters (reuse TR 38.840)
	Traffic type
	FTP 
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX Period
	160 ms
	320 ms 
	40 ms

	DRX Inactivity timer
	100 ms
	80 ms
	10 ms


For the idle/empty load scenarios, we assume BS only sends SSB/SIB1 every 20ms. Values of the energy consumption for each energy state refer to Table 1. 
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[bookmark: _Ref101189856]Figure 2: an evaluation example of no traffic load
Figure 2 shows an example that the SSB is transmitted every 20ms. After sending 4ms of the SSB, the BS enters SM1 (2ms), SM2 (13ms), and backs to SM1 (1ms) to wake up. In this case, we use Table 1 to calculate the energy consumption as 100[w] x 4 + 10[w] x 2 + 2[w] x 13 + 10[w] x 1 = 456[w]/20ms.
Observations and potential techniques
Low/Medium load scenarios
The low/medium load evaluations have the following assumptions: 1) enabled BSSM, 2) SSB period of 20ms, 3) C-DRX offset: random values with 5ms granularity, and 4) C-DRX period and inactive timer: based on traffic models in Table 3. Table 4 shows a baseline of BS energy consumption with BSSM enabled.
[bookmark: _Ref101193262]Table 4: Simulation baseline in FR1 with Dense Urban deployment (with C-DRX)
	Traffic type
	FTP 
	IM
	VoIP

	
	No BSSM
	Baseline 
	No BSSM
	Baseline 
	No BSSM
	Baseline 

	BS energy consumption (/ms)
	82.08
	70.16 
	31.57
	14.02 
	34.83
	29.43

	UE energy consumption (/ms)
	52.13
	52.1
	11.61
	11.61
	40.67
	40.66

	Average packet latency (ms)
	49.7
	50.24
	140.27
	140.29
	11.93
	12.11

	RU
	30.16
	30.15
	1.59
	1.59
	0.21
	0.21


Traffic alignment
Scattered data scheduling may reduce BS sleep time. However, it seems necessary for frequent traffic, e.g., VoIP applications. Figure 3 gives an example. A BS needs a long BS active time to send UE-specific data and cell-specific reference signal (RS) when UE data frequently comes. 
[bookmark: _Toc102130782]Scattered data scheduling due to frequent traffic reduces BS sleep time.
In R18, the BS may align UE DRX settings with cell-specific RS. For example, a gNB may configure the 20ms-wise offset for a VoIP UE to align with the RS period, minimizing BS sleep time interruption.
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[bookmark: _Ref101194158]Figure 3: long BS active time due to a frequent traffic 
[image: Chart
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Figure 4: aligned with cell-specific RS
We evaluate the traffic alignment considering the following assumptions:
· Baseline: UE-specific DRX setting following his traffic model and random offsets (no alignment)
· 20ms-wise: UE-specific DRX setting following his traffic model and random offsets (granularity = 20ms)
· 40ms-wise: UE-specific DRX setting following his traffic model and random offsets (granularity = 40ms)
Table 5: traffic alignment in FR1 with Dense Urban deployment (with C-DRX and BSSM)
	Traffic type
	FTP
	IM
	VoIP

	
	Baseline
	20ms-wise
	Baseline
	20ms-wise
	Baseline
	20ms-wise

	BS energy (/ms)
	70.16
	72.57 (+3%)
	14.02
	14.59 (+4%)
	29.43
	21.7 (-26%)

	UE energy (/ms)
	52.1
	52.94 (+2%)
	11.61
	11.65 (+0%)
	40.66
	41.33 (+2%)

	latency (ms)
	50.24
	51.59 (+3%)
	140.29
	142.54 (+2%)
	12.11
	12.22 (+1%)

	RU
	30.15
	31.46 (+4%)
	1.59
	2.29 (+44%)
	0.21
	0.21 (+0%)


Our evaluation shows significant energy savings for the VoIP case. Also, minor performance loss for the FTP and IM case because fewer offset candidates may cause longer BS TX time due to traffic jams.
[bookmark: _Toc102130783]Traffic alignment can save 26% BS energy for VoIP traffic and have a limited UE impact.
[bookmark: _Toc102144933]Consider cell-wise traffic alignment with SSB to minimize the BS active time (transmission time) under low and medium traffic loads.
Figure 5: BS energy-saving gains by traffic alignment for VoIP
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In Rel-17, a BS can reconfigure DRX settings for UEs via UE-specific RRC messages if there is a sleep opportunity. It is likely to miss the sleep chance if the BS must reconfigure DRX cycles for massive UEs. Also, signaling overhead due to  RRC reconfiguration may cause extra energy waste. In Rel-18, efficient signaling for traffic alignment can be FFS.
[bookmark: _Toc102144934]Consider the signaling for traffic alignment to be more dynamic and efficient in Rel-18.
[bookmark: traffic-awareness-nw]BS/Network node on-off
Cell deactivation or a BS node on-off is an energy-saving scheme in the spatial domain that exploits traffic offloading in a layered structure to reduce the whole radio access network (RAN) energy consumption. We evaluate the BS power savings and UE performance impact based on our suggested methodology. 
Figure 6 shows a scenario of seven macro gNBs proving seven cells with wraparound. Table 6 illustrates NW power-saving gains and UE impacts.
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[bookmark: _Ref101256074]Figure 6: an example of turning off 6 out of 7 BS with the inter-site distance (ISD) = 200m.
[bookmark: _Ref102150469]Table 6: BS node on/off with Dense Urban deployment (with C-DRX and BSSM)
	Power saving scheme
	NW power saving for FR1
	VoIP dropping rate for FR1
	VoIP dropping rate for FR2

	Reduce to 3 active BSs
	37% saving
	0%
	11.07%

	Reduce to 1 active BS
	69% saving
	0.2381%
	48.21%


However, as reasoning in TR 37.817 [11], a wrong switch-off of the cells deteriorates the NW performance since the remaining active cells need to serve the additional traffic. Potential issues are as follows:
· Inaccurate cell load prediction: currently, energy-saving decisions rely on current traffic load without considering future traffic load.
· The conflict between performance and energy savings: maximizing the system’s key performance indicator (KPI) is at the expense of energy efficiency. Similarly, the most energy-efficient solution may impact system performance. Thus, there is a need to balance the trade-off between the two.
· Parameters adjustment: energy-saving related configuration could be based on different thresholds of cell load for cell switch on/off, which is difficult to set a reasonable threshold.
· Local vs. global gains: actions may produce a local (e.g., limited to a single RAN node) improvement of energy efficiency while making an overall (e.g., involving multiple RAN nodes) deterioration of energy efficiency.
On the UE side, the BS node on/off may reduce the cell coverage. UE may increase TX power to access a far active gNB because a nearby BS goes to sleep. In the worse case, UE may not reach the far active gNB. 
Figure 7 compares the total PUSCH power when NW turns off different BS numbers. In the case of turning 6 BS out of 7, 50% of UE increases UL EIRP by 5dBm, and 5% of UE uses their max power of 23 dBm. This result shows the impact of 5 to 7 dB of additional UE TX power on UE UL power consumption, leading to a potential loss of link when UE further moves toward the cell edge.
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[bookmark: _Ref99441011]Figure 7: The required PUSCH power to reach the active BS
In Rel-18,  the NW energy-saving techniques could involve UE cooperation, e.g., BS wake-up request from UE, to prevent a wrong switch-off of the cells and BS nodes.
[bookmark: _Toc102130785]Reducing active BS nodes saves 69% BS energy but requires 5 – 7 dB additional UE TX power with one active BS in FR1 and 11% of VoIP dropping rate even with three active BSs in FR2.
[bookmark: _Toc102144935]Consider involving UE cooperation, e.g., BS wake-up request from UE in Rel-18.
Idle/Empty load scenarios
[bookmark: reduction-on-ssbsib1][bookmark: Xe742ec209ce1f42c63e43743b6c13d69a35f0de]SSB/SIB1 reduction
[6] observed that NR base station (gNB) consumes a large amount of energy even when the load is almost zero, e.g., only SSB and system information (SI) transmissions are ongoing. According to [8], 30% for FR1 and 15% for FR2 of symbols are active only for sending SSB and SIB1.
[bookmark: reducing-the-ssb-number]In Rel-17, at least for a primary cell, SSB signals are supposed to be “always-on.” A base station may broadcast up to 8 (for FR1) and 64 (for FR2) SSBs in a cell. It wastes energy if no user data is required (or no active UEs) in a particular beam direction. 
Depending on network requirements, it can selectively transmit only a few SSB and inform UE of which SSBs are transmitted and not transmitted. For example, considering the SSB configuration of Case A and B for FR1 larger than 3 GHz and less or equal to 6 GHz, up to 8 SSBs (beams) are supported. This transmission pattern is informed via an RRC IE ssb-PositionInBurst.
[bookmark: _Toc95403805][bookmark: _Toc102130786]gNB can reduce SSB number and inform UEs via an RRC IE ssb-PositionInBurst.
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Figure 8: reduce half SSBs by setting the bitmap as mediumBitmap = 11110000.
For example, when every SSBs are transmitted, the bitmap is set by all "1" bits, e.g., ssb-PositionsInBurst CHOICE {mediumBitmap = 11111111}. If only SSB 0, 1, 2, 3 are transmitted, the bitmap is set with half bits as “0”, e.g., ssb-PositionsInBurst CHOICE {mediumBitmap = 11110000}.
For a SS burst set periodicity of 20 ms, if a BS broadcasts 4 SSBs rather than 8, the BS can stay in sleep mode from 16 ms to 18 ms, which leads to a 10% gain in sleeping time. With BSSM, the BS may achieve a 43% power-saving gain.
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[bookmark: _Ref101259467]Figure 9: muting 4 of 8 SSBs for a SS burst set period of 20ms
Figure 9 shows an example of muting 4 of 8 SSBs. Assume there is no traffic load, and the BS only transmits SSB with a duration of 4ms (8 SSBs) or 2ms (4 SSBs). The energy consumption of this muting is 100[W] x 2 + 10[W] x2 + 2[W] x 15 + 10[W] x 1 = 260 [W] /20ms, resulting in 42.98% comparing to the use of 8 SSBs. 
Table 7: performance evaluation for reducing the number of SSB (no traffic load)
	Solution
	Performance gain
	Key assumptions

	Decrease the number of SSBs
	42.98 %
	Baseline: 8 SSBs
Enhanced: 4 SSBs


[bookmark: _Toc95403806][bookmark: _Toc102130787]Decreasing the number of SSBs from 8 to 4 could save 43% BS energy consumption.
Muting part of SSBs could achieve energy-saving gains. However, if a BS mutes SSBs and the associated TxRU, the BS may lose beamforming performance, leading to coverage reduction and potential UE UL power increment. 
In Rel-18, we suggest a BS may mute part of SSBs in SCells rather than PCell to minimize any coverage impact on legacy UEs. However, in the case of SCells without SSB (for inter-band CA), the RAN4 investigation is needed. For example, RAN4 may identify which bands this is feasible and the related UE requirements. 
[bookmark: _Toc102144936]Consider reducing SSB number in a SS burst on SCells rather than on a PCell operated as a coverage layer in the case of multiple carriers in the network.
SSB-less SCells in inter-band CA could be studied in RAN4, e.g., bands and UE requirements.
In Rel-18, NW power-saving techniques could involve UE cooperation in restoring the beam number (e.g., per UE request/feedback).
[bookmark: _Toc102144938]Consider whether to enable UE to feedback on a preferred SSB configuration​ in Rel-18 to minimize the impact on UE.
Conclusion
In this contribution, we have the following observations and proposals:
1.  Scattered data scheduling due to frequent traffic reduces BS sleep time.
1. Traffic alignment can save 26% BS energy for VoIP traffic and have a limited UE impact.
1. Consider cell-wise traffic alignment with SSB to minimize the BS active time (transmission time) under low and medium traffic loads.
Figure 10: BS energy-saving gains by traffic alignment for VoIP
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Reducing active BS nodes saves 69% BS energy but requires 5 – 7 dB additional UE TX power with one active BS in FR1 and 11% of VoIP dropping rate even with three active BSs in FR2.
Consider involving UE cooperation, e.g., BS wake-up request from UE in Rel-18.
[image: A diagram of a house
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Figure 6: an example of turning off 6 out of 7 BS with the inter-site distance (ISD) = 200m.
Table 6: BS node on/off with Dense Urban deployment (with C-DRX and BSSM)
	Power saving scheme
	NW power saving for FR1
	VoIP dropping rate for FR1
	VoIP dropping rate for FR2

	Reduce to 3 active BSs
	37% saving
	0%
	11.07%

	Reduce to 1 active BS
	69% saving
	0.2381%
	48.21%


Consider reducing SSB number in a SS burst on SCells rather than on a PCell operated as a coverage layer in the case of multiple carriers in the network.
gNB can reduce SSB number and inform UEs via an RRC IE ssb-PositionInBurst.
Consider reducing SSB number in a SS burst on SCells rather than on a PCell operated as a coverage layer in the case of multiple carriers in the network.
SSB-less SCells in inter-band CA could be studied in RAN4, e.g., bands and UE requirements.
Consider whether to enable UE to feedback on a preferred SSB configuration​ in Rel-18 to minimize the impact on UE.
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