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Introduction
[bookmark: _Hlk66110521]In RAN1 #109-e, #110 and RAN Plenary meetings, there agreed basic network evaluation methodology and categorized potential network energy saving techniques of different domain [1][2][3][4]. As per cares and concerns we expressed for some network energy saving techniques in the post RAN2#119-e meeting discussion [5], in this contribution, RAN1 related evaluations are conducted to characterize selected network energy saving schemes in time, frequency, spatial and power domains. From the useful power saving schemes identified, there also reveals the need of efficient adaptation framework(s) to realize the benefit of network energy saving over different network load conditions, taking into account UE-group/cell-wise adaptation and practical UE support, for technical direction considerations and decision in RAN2.

Time Domain NW Energy Saving - Alignement of DRX Offsets
When the traffic load is low, e.g., mainly voice activity, it can be benenfitical to aggregate BS transmission time intervals. Since UE expects data activity only within DRX on-durations, such BS transmission time agreegation implies alignment of UE DRX offsets, in a cell-specific or group-specific manner as illustrated in Figure 1. Note that, since DRX cycle, on-duration timer, and inactivity-timer settings are typically optimized per service QoS requirement, it will be more reasonable that the adaptation on UE DRX only changes the DRX offset value.
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[bookmark: _Ref115437152]Figure 1: Illustration of aggragated BS activity by aligning DRX offsets across UEs of a group or a cell

To justify the benefit based on the agreed NW power consumption model, the following evaluation assumptions are considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier case
· Case 1: Random DRX offset per UE (5 ms granualirty)
· Case 2: Aligned DRX offset to 0 for UEs of a group or a cell
· Traffic: VoIP with DRX (cycle, on-duration, inactivity timer) = (40, 4, 10) ms
· Note: VoIP is considered to simulate low network loading condition while user activities are still frequent
· RU: Low load (0% - 15%)

In Figure 2, there show the the NW energy saving gains for Cat 1 and Cat 2 types of BS’s. Accordingly, we also have the following:
[bookmark: _Ref115441011]Observation 1: For the case of low network load (0% - 15%) while there are still (frequent) user activities (e.g., VoIP), aligning UE DRX offset for aggregated BS activity can achieve good power saving gain, i.e., >28% for Cat 1 BS and >10% for Cat 2 BS.
[bookmark: _Ref115441136]
Proposal 1: Aligning UE DRX offsets in a group-specific or cell-specific manner is recommended for network energy saving.
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[bookmark: _Ref115437385]Figure 2: BS power consumption comparison with aligned UE DRX offsets (VoIP traffic)


Frequency Domain NW Energy Saving – SSB/SIB1-less SCell
When a cell is used as a capacity booster rather than providing coverage, the cell could be defined as a secondary cell (SCell), and a gNB may turn off SSB or SIB1 transmission on the SCell for NW energy savings. 
For evaluating the potential benefits, the following settings are considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz with PCell and one SCell (inter-band CA)
· Case 1: SSB, SIB1, and data for SCell
· Case 2: SSB and data for SCell
· Case 3: Only data for SCell
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· SSB: 20 RBs, 4 symbols, 2 SSB per slot, and 4 consecutive slots at periodicity of 20 ms
· SIB1: 48 RBs, 8 consecutive slots at periodicity of 80 ms, multiplexing pattern 1 with SSB 
· Traffic: Video traffic with DRX (cycle, on-duration, inactivity timer) = (160, 8, 100) ms
· Note: Video traffic considered since CA is typically for scenarios with higher data activity
· RU: Light load (15% - 30%) 

In Figure 3, there show the the NW energy saving gains for Cat 1 and Cat 2 types of BS’s, and we have
[bookmark: _Ref115441019]Observation 2: For CA use cases with higher data activity, disabling SSB and/or SIB1 for SCell achieves very limited energy saving gains, i.e., <8% for Cat 1 BS and < 1% for Cat 2 BS.
[bookmark: _Ref115441144]
Proposal 2: Disabling SSB and/or SIB1 for SCell is NOT pursued for network energy saving.
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[bookmark: _Ref115351401]Figure 3: BS power consumption comparison with SSB/SIB1-less SCell (video traffic for CA setting)


Spatial Domain NW Energy Saving – Reduced TxRU Number
When network load is light (15% - 30%) or medium (30% - 50%), reduing BS active time may not be practical due to the impact to data latency. In this regard, reducing the number of TxRU while keeping data transmission can be utilized to achieve better trade-off in NW energy saving and data latency. To characterize the the trade-off, the following evaluation settings are considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier setting; same PSD per TxRU
· Case 1: 64 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (8, 16, 2, 1, 1; 2, 16)
· Case 2: 32 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 8)
· Case 3: 16 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 8)
· M: no. vertical antenna elements within a panel, on one polarization; N: no. horizontal antenna elements within a panel, on one polarization; P: no. polarizations; Mg: no. panels in a column; Ng: no. panels in a row; Mp: no. vertical TxRUs within a panel, on one polarization; Np: no. horizontal TxRUs within a panel, on one polarization.
· Traffic: Video traffic with DRX (cycle, on-duration, inactivity timer) = (160, 8, 100) ms
· Note: Video traffic with more UEs utilized to simulate higher network load conditions
· RU: Light load (15% - 30%) and medium load (30% - 50%)

In Figure 4 and Figure 5, there show the comparison of BW power power consumption and data latency with reduced #TxRU for light load and medium load cases, respectively. Accordingly, one can check:
[bookmark: _Ref115441024]
Observation 3: For the NW scenario with light load (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.3% and 16.8% NW energy saving gain, respectivtly, for Cat 1 BS and Cat 2 BS, subject to 4.8% increment in average data packet latency. Further reduing #TxRU to 16 only bring <6% additiona energy saving gain while causing >15% data latency increment. 
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[bookmark: _Ref115430347]Figure 4: BS power consumption and data latency comparison with reduced #TxRU in light load (15% - 30%) case with video traffic

[bookmark: _Ref115441028]Observation 4: For the NW scenario with medium load (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 26.8% NW energy saving gain, respectivtly, for Cat 1 BS and Cat 2 BS, subject to 6.8% increment in average data packet latency. Further reduing #TxRU to 16 only bring <10% additiona energy saving gain while causing >70% data latency increment.
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[bookmark: _Ref115430358]Figure 5: BS power consumption and data latency comparison with reduced #TxRU in medium load (30% - 50%) case with video traffic

Given the good trade-off in NW energy gain and data latency achieved by reducing #TxRU, this network energy saving scheme is recommended. When #TxRU is changed, the settings of CSI-RS and CSI reporting should also be adapted accordingly. Given these parameters are BWP specific, how to extend BWP framework to accommodate changing #TxRU in a UE-group-specific or cell-specific manner can be further intestivated. The following two proposals are then suggested: 
[bookmark: _Ref115441149]
Proposal 3: Reducing #TxRU by a limited factor is recommended for NW energy saving.
[bookmark: _Ref115441161]
Proposal 4: Further investigate how to extend BWP framework to accommodate changing #TxRU in a UE-group-specific or cell-specific manner.
· At least CSI-RS and CSI reporting related settings should be adapted accordingly


Power Domain NW Energy Saving – Reduced PDSCH Power
Similar to reducing #TxRU, reducing PDSCH power/PSD-level while keeping data transmission can be utilized to achieve NW energy saving while minimizing the data latency impact. To characterize the the trade-off, the following evaluation settings are considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier setting; #TxRUs is 64
· Case 1: Reference PDSCH power/PSD-level subject to maximum TX power limit
· Case 2: PDSCH power/PSD-level is reduced by 3dB w.r.t. Reference/Case 1
· Case 3: PDSCH power/PSD-level is reduced by 6dB w.r.t. Reference/Case 1
· Case 4: PDSCH power/PSD-level is reduced by 9dB w.r.t. Reference/Case 1
· Note: PDSCH power/PSD-level can be adjust via BWP-specific parameter, powerControlOffset, as illustrated below:
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· Traffic: Video traffic with DRX (cycle, on-duration, inactivity timer) = (160, 8, 100) ms
· Note: Video traffic with more UEs utilized to simulate higher network load conditions
· RU: Light load (15% - 30%) and medium load (30% - 50%)

In Figure 7 and Figure 8, there show the comparison of BW power power consumption and data latency with reduced PDSCH power/PSD-level for light load and medium load cases, respectively. Accordingly, one can check the following:
[bookmark: _Ref115441032]
Observation 5: For the NW scenario with light load (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 17% NW energy saving gain for Cat 1 BS and Cat 2 BS, subject to 6% increment in average data packet latency. On the other hand, further power/PSD-level reduction brings ≤1% additiona energy saving gain while causing ≥6% data latency increment. 
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[bookmark: _Ref115430263]Figure 7: BS power consumption and data latency comparison with reduced PDSCH power/PSD-level in light load (15% - 30%) case with video traffic

[bookmark: _Ref115441124]Observation 6: For the NW scenario with medium load (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring ≥26% NW energy saving gain for Cat 1 BS and Cat 2 BS, subject to 10% increment in average data packet latency. On the other hand, further power/PSD-level reduction brings ≤3% additiona energy saving gain while causing ≥14% data latency increment.
[bookmark: _Ref115431754]
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Figure 8: BS power consumption and data latency comparison with reduced PDSCH power/PSD-level in medium load (30% - 50%) case with video traffic

Given the good trade-off in NW energy gain and data latency achieved by reducing PDSCH power/PSD-level (e.g. by 6dB), this network energy saving scheme is also recommended. Given PDSCH power/PSD-level adjustment can be done via the BWP specific parameter, powerControlOffset, how to extend BWP framework to accommodate changing PDSCH power/PSD-level in a UE-group-specific or cell-specific manner can be further intestivated as well. Furthermore, a new NES state may not be necessary in consideration of the flexibility of the BWP framework. By the above, the following two proposals are suggested: 
[bookmark: _Ref115441166]
Proposal 5: Reducing PDSCH power/PSD-level by a limited factor is recommended for NW energy saving.
[bookmark: _Ref115441170]
Proposal 6: Further investigate how to extend BWP framework to accommodate changing PDSCH power/PSD-level in a UE-group-specific or cell-specific manner.

Considerations on Adaptation Framework
From the above evalutations, there identified the following useful NW energy saving techniques:
	#
	Domain
	Technique
	Network senarios
	NW energy saving gain
	Impacted UE config.

	A)
	Time
	Alignment of DRX offsets
	Low load 
(0% – 15%)
	Cat 1 BS: 28%
Cat 2 BS: 10%
	DRX offset value

	B)
	Spatial
	Reduced TxRU number
	Light load 
(15% - 30%),
Medium load 
(30% - 50%)
	Cat 1 BS: 15% - 25%
Cat 2 BS: 16% - 26%
	CSI-RS and CSI reporting settings

	C)
	Power
	Reduced PDSCH power/PSD-level
	
	Cat 1 BS: 17% - 26%
Cat 2 BS: 17% - 27%
	PDSCH power offset, powerControlOffset


Table 1: Useful network energy saving techniques

To achieve network energy saving with minimum impact to UEs, all UEs in a cell should be aware of the change, and the related configuraitons, including DRX offset, CSI-RS/CSI-reporting settings, and PDSCH power offset, should be adapted accordingly. Since the configurations are UE specific settings, how to effeiciently adapt the parameters in UE-group/cell-wise manner should be further developed; otherwises the signaling overhead and power consumption will vanish the benefit of NW energy savings.
[bookmark: _Ref115441174]
Proposal 7: Efficient UE-group/cell-wise singaling and adaptation mechanism should be developed for useful NW energy saving techniques; otherwises the signaling overhead and power consumption will vanish the energy saving benefits.

To achieve effienct UE-group/cell-wise support, wide UE support is essential. From previous characterization, the BWP framework can be utilized for schemes B) and C), regarding the impacted UE settings/parameters are BWP specific. Since the framework is developed since R15, there can ensure comprehensive UE support. In this regard, the following proposal is suggested:
[bookmark: _Ref115441178]
Proposal 8: For maximum UE support, extend R15 BWP adaptation framework as the UE-group/cell-wise singaling and adaptation mechanism for NW energy saving.


Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: For the case of low network load (0% - 15%) while there are still (frequent) user activities (e.g., VoIP), aligning UE DRX offset for aggregated BS activity can achieve good power saving gain, i.e., >28% for Cat 1 BS and >10% for Cat 2 BS.

Proposal 1: Aligning UE DRX offsets in a group-specific or cell-specific manner is recommended for network energy saving.

Observation 2: For CA use cases with higher data activity, disabling SSB and/or SIB1 for SCell achieves very limited energy saving gains, i.e., <8% for Cat 1 BS and < 1% for Cat 2 BS.

Proposal 2: Disabling SSB and/or SIB1 for SCell is NOT pursued for network energy saving.

Observation 3: For the NW scenario with light load (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.3% and 16.8% NW energy saving gain, respectivtly, for Cat 1 BS and Cat 2 BS, subject to 4.8% increment in average data packet latency. Further reduing #TxRU to 16 only bring <6% additiona energy saving gain while causing >15% data latency increment.

Observation 4: For the NW scenario with medium load (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 26.8% NW energy saving gain, respectivtly, for Cat 1 BS and Cat 2 BS, subject to 6.8% increment in average data packet latency. Further reduing #TxRU to 16 only bring <10% additiona energy saving gain while causing >70% data latency increment.

Proposal 3: Reducing #TxRU by a limited factor is recommended for NW energy saving.

Proposal 4: Further investigate how to extend BWP framework to accommodate changing #TxRU in a UE-group-specific or cell-specific manner.
· At least CSI-RS and CSI reporting related settings should be adapted accordingly

Observation 5: For the NW scenario with light load (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 17% NW energy saving gain for Cat 1 BS and Cat 2 BS, subject to 6% increment in average data packet latency. On the other hand, further power/PSD-level reduction brings ≤1% additiona energy saving gain while causing ≥6% data latency increment.

Observation 6: For the NW scenario with medium load (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring ≥26% NW energy saving gain for Cat 1 BS and Cat 2 BS, subject to 10% increment in average data packet latency. On the other hand, further power/PSD-level reduction brings ≤3% additiona energy saving gain while causing ≥14% data latency increment.

Proposal 5: Reducing PDSCH power/PSD-level by a limited factor is recommended for NW energy saving.

Proposal 6: Further investigate how to extend BWP framework to accommodate changing PDSCH power/PSD-level in a UE-group-specific or cell-specific manner.

Proposal 7: Efficient UE-group/cell-wise singaling and adaptation mechanism should be developed for useful NW energy saving techniques; otherwises the signaling overhead and power consumption will vanish the energy saving benefits.

Proposal 8: For maximum UE support, extend R15 BWP adaptation framework as the UE-group/cell-wise singaling and adaptation mechanism for NW energy saving.
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BS Power Consumption with Aligned UE DRX Offsets

Case 1	Cat 1 BS	Cat 2 BS	75.767099999999999	7.1797000000000004	Case 2	Cat 1 BS	Cat 2 BS	54.2256	6.4206000000000003	



BS Power Consumption with SSB/SIB1-less SCell 

Case 1	Cat 1 BS	Cat 2 BS	152.73009999999999	18.806699999999999	Case 2	Cat 1 BS	Cat 2 BS	148.14600000000002	18.790100000000002	Case 3	Cat 1 BS	Cat 2 BS	141.3837	18.755400000000002	



BS Power Consumption and Data Latency with Reduced #TxRU;  Light Load (15% - 30%) Case

Case 1 (64 TxRUs)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	73.884900000000002	9.2170000000000005	49.8	Case 2 (32 TxRUs)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	62.1995	7.7424999999999997	52.17	Case 3 (16 TxRUs)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	59.819600000000001	7.1730999999999998	59.94	



BS Power Consumption and Data Latency with Reduced #TxRU;  Medium Load (30% - 50%) Case

Case 1 (64 TxRUs)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	123.4674	14.204599999999999	56.34	Case 2 (32 TxRUs)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	92.241500000000002	10.399800000000001	60.19	Case 3 (16 TxRUs)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	84.848200000000006	9.0054999999999996	102.02	



BS Power Consumption and Data Latency with Reduced PDSCH Power/PSD-level;  Light Load (15% - 30%) Case

Case 1 (Ref. power)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	73.884900000000002	9.2170000000000005	49.8	Case 2 (3 dB ↓)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	64.991500000000002	8.1597000000000008	50.83	Case 3 (6 dB ↓)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	61.439399999999999	7.6921999999999997	52.79	Case 4 (9 dB ↓)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	61.459899999999998	7.6020000000000003	55.83	



BS Power Consumption and Data Latency with Reduced PDSCH Power/PSD-level;  Medium Load (30% - 50%) Case

Case 1 (Ref. power)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	123.4674	14.204599999999999	56.34	Case 2 (3 dB ↓)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	100.6075	11.527900000000001	58.25	Case 3 (6 dB ↓)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	90.938699999999997	10.327299999999999	61.89	Case 4 (9 dB ↓)	Cat 1 BS power consumption	Cat 2 BS power consumption	Data latency (ms)	89.035799999999995	9.9579000000000004	69.98	
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