		
3GPP TSG RAN WG1 #111	R1-2212259
Toulouse, France, November 14th – 18th, 2022
	
Source: 	MediaTek Inc.
Title: 	NW Energy Savings Performance Evaluation
Agenda item:	9.7.1 
Document for:	Discussion and Decision
Introduction
[bookmark: _Hlk66110521]In RAN1 #110bis-e meeting, the evaluation methodology has be completed [1][2]. In this contribution, evaluations are conducted to characterize the network energy saving schemes in time, frequency, spatial and power domains [3]. Based on the results, the suggested upates to TR as well as final recommendations for NW ES work phase are then provided in [4]. 

Time Domain Network Energy Saving Techniques
In this section, time domain network energy saving techniques will be evaluated. 

Wake up of gNB triggered by UE wake up signal (WUS)
When network loading is low, it is possible for network to make some BS’s inactive so as to achieve energy saving. On the other hand, this also induces performance impact to UE data service, e.g., causing significant delay due to repeated retransmissions or link failure. In this regard, allowing UE to “wake up” gNB when a pre-configured condition (e.g. excess UPT loss or packet latency increment) is detected can be beneficial to balance network energy saving gain and user experience. 

To justify the benefit based on the latest agreed network power consumption model [1][2], the following evaluation setting is considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier case
· Baseline: All BS’s are active
· Case 1: Keep 3 out of 7 BS’s active
· Case 2: Keep only 1 out of 7 BS’s active (which will be avoided due to BS wake-up triggered by UE when the UE detects large UPT loss)
· 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 the following figure, there show the network energy saving gains for Cat 1 and Cat 2 types of BS’s. Accordingly, we also have the following observation:
[bookmark: _Ref118753127]Observation 1: For the case of low network load (0% - 15%), disabling BS with BS wake-up triggered by UE when a pre-configured condition (e.g. excess UPT loss or packet latency increment) is detected can achieve significant NW energy saving gain, i.e., 49% for Cat 1 BS and 52% for Cat 2 BS, at the expense of no UPT loss. 



Adaptation of DTX/DRX - Alignment of DRX offsets
When the traffic load is low, e.g., mainly voice activity, it can be beneficial to aggregate BS transmission time intervals. Since UE expects data activity only within DRX on-durations, such BS transmission time aggregation 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 aggregated BS activity by aligning DRX offsets across UEs of a group or a cell

To justify the benefit based on the latest agreed NW power consumption model [1][2], the following evaluation setting is considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier case
· Baseline: Random DRX offset per UE (5 ms granularity)
· Case 1: Aligned DRX offset to 0 for UEs cell-wise
· 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 the following figure, there show the NW energy saving gains for Cat 1 and Cat 2 types of BS’s. Accordingly, we can have the following observation:
[bookmark: _Ref115441011]Observation 2: 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 NW energy saving gains 29.8% for Cat 1 BS and 13.7% for Cat 2 BS, at the expense of UPT loss of 0.9%.




Frequency Domain Network Energy Saving Techniques
Multi-carrier energy savings enhancements - 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)
· Baseline: SSB, SIB1, and data for SCell
· Case 1: SCell without SIB1
· Case 2: SCell without SSB and SIB1
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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, 4 consecutive slots at periodicity of 20 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 the following figure, there show NW energy saving gains for Cat 1 and Cat 2 types of BS’s, respectively, and we can also obtain the following observation
[bookmark: _Ref115441019][bookmark: _Ref118753140]Observation 3: For CA use cases with at least light load condition, disabling SSB and/or SIB1 for SCell achieves very limited energy saving gains, i.e., <8% for Cat 1 BS and < 2% for Cat 2 BS. Note: No UPT loss is expected here.




Spatial Domain Network Energy Saving Techniques
Dynamic adaptation of spatial elements - Reduced TxRU number
When network load is light (15% - 30%) or medium (30% - 50%), reducing 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 UPT loss. To characterize the trade-off, the following evaluation setting is considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier setting; same PSD per TxRU
· Baseline: 64 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 4, 8)
· Case 1: 32 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 8)
· Case 2: 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 the following figures, there show the comparison of NW energy saving gain and UPT loss with reduced #TxRU for light load and medium load cases, respectively. The following observations are also provided:
[bookmark: _Ref115441024][bookmark: _Ref118753145]
Observation 4: For the NW scenario with light load (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.8% and 15.8% NW energy saving gain, respectively, for Cat 1 BS and Cat 2 BS, at the expense of 4.3% UPT loss. Further reducing #TxRU to 16 only bring <7% additional energy saving gain while causing >16% UPT loss. 



[bookmark: _Ref115441028]Observation 5: For the NW scenario with medium load (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 31.4% NW energy saving gain, respectively, for Cat 1 BS and Cat 2 BS, at the expense of 6.4% UPT loss. Further reducing #TxRU to 16 only bring up to 10% additional energy saving gain while causing >40% UPT loss.




Power Domain Network Energy Saving Techniques 
Adaptation of transmission power of signals and channels - Reduced PDSCH power/PSD-level
Like reducing #TxRU, reducing PDSCH power/PSD-level while keeping data transmission can be utilized to achieve NW energy saving while minimizing the UPT loss. To characterize the trade-off, the following evaluation settings are considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier setting; #TxRUs is 64
· Baseline: Reference PDSCH power/PSD-level subject to maximum TX power limit
· Case 1: PDSCH power/PSD-level is reduced by 3dB w.r.t. baseline
· Case 2: PDSCH power/PSD-level is reduced by 6dB w.r.t. baseline
· Case 3: PDSCH power/PSD-level is reduced by 9dB w.r.t. baseline
· 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 the following figures, there show the comparison of BW power consumption and UPT loss with reduced PDSCH power/PSD-level for light load and medium load cases, respectively. Accordingly, one can also check the following observations
[bookmark: _Ref115441032][bookmark: _Ref118753153]
Observation 6: For the NW scenario with light load (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense 5.7% UPT loss. On the other hand, further power/PSD-level reduction does not provide additional energy saving gain while causing >10% UPT loss. 

[bookmark: _Ref115441124]

[bookmark: _Ref118753210][bookmark: _Ref118753425][bookmark: _Ref115431754]
Observation 7: For the NW scenario with medium load (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring 18.7% and 20.6% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of 9.0% UPT loss. On the other hand, further power/PSD-level reduction does not provide additional energy saving gain while causing >19% data latency increment.




Multi-Domain Joint Network Energy Saving Techniques
When network load is light (15% - 30%) or medium (30% - 50%), jointly reducing PDSCH power and the number of TxRU while keeping data transmission can be utilized to optimize trade-off in network energy saving and UPT loss. To characterize the trade-off, the following evaluation setting is considered:
· Scenario: Urban Macro (ISD: 500m) in FR1 of 30kHz; single carrier setting; same PSD per TxRU
· Baseline: PDSCH offset = 0 dB and 64 TXRU 
· Case 1: PDSCH offset = -3 dB and 32 TXRU
· Note: Adaptation by BWP switch or reconfiguration
· 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%) 

In the following figure, there show the comparison of BS power consumption and UPT with reduced #TxRU for light load and medium load cases, respectively. Accordingly, one can check:
[bookmark: _Ref118753218]
Observation 8: For the NW scenario with light load (15% - 30%), reducing PDSCH power by 3dB and #TxRU from 64 to 32 can bring 18.8% and 19.7% network energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of 9% UPT loss. 
· Note: Reducing #TXRU from 64 to 16 can bring 19.2% and 22.1% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 16.9%. And reducing PSDCH power/PSD-level by 6dB can only bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense 5.7% UPT loss.



Conclusion
In this contribution, we have the following observations:
Observation 1: For the case of low network load (0% - 15%), disabling BS with BS wake-up triggered by UE when a pre-configured condition (e.g. excess UPT loss or packet latency increment) is detected can achieve significant NW energy saving gain, i.e., 49% for Cat 1 BS and 52% for Cat 2 BS, at the expense of no UPT loss.


Observation 2: 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 NW energy saving gains 29.8% for Cat 1 BS and 13.7% for Cat 2 BS, at the expense of UPT loss of 0.9%.


Observation 3: For CA use cases with at least light load condition, disabling SSB and/or SIB1 for SCell achieves very limited energy saving gains, i.e., <8% for Cat 1 BS and < 2% for Cat 2 BS. Note: No UPT loss is expected here.


Observation 4: For the NW scenario with light load (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.8% and 15.8% NW energy saving gain, respectively, for Cat 1 BS and Cat 2 BS, at the expense of 4.3% UPT loss. Further reducing #TxRU to 16 only bring <7% additional energy saving gain while causing >16% UPT loss.


Observation 5: For the NW scenario with medium load (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 31.4% NW energy saving gain, respectively, for Cat 1 BS and Cat 2 BS, at the expense of 6.4% UPT loss. Further reducing #TxRU to 16 only bring up to 10% additional energy saving gain while causing >40% UPT loss.


Observation 6: For the NW scenario with light load (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense 5.7% UPT loss. On the other hand, further power/PSD-level reduction does not provide additional energy saving gain while causing >10% UPT loss.


Observation 7: For the NW scenario with medium load (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring 18.7% and 20.6% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of 9.0% UPT loss. On the other hand, further power/PSD-level reduction does not provide additional energy saving gain while causing >19% data latency increment.


Observation 8: For the NW scenario with light load (15% - 30%), reducing PDSCH power by 3dB and #TxRU from 64 to 32 can bring 18.8% and 19.7% network energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of 9% UPT loss.
· Note: Reducing #TXRU from 64 to 16 can bring 19.2% and 22.1% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 16.9%. And reducing PSDCH power/PSD-level by 6dB can only bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense 5.7% UPT loss.
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NW Energy saving gain with wake-up of gNB triggered by UE;  
Low load case (0% - 15% RU)

Case 1 (3 of 7 BSs active)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.49299999999999999	0.51900000000000002	0	Case 2 (1 of 7 BSs active)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.79100000000000004	0.80700000000000005	0.40160000000000001	



NW Energy saving gain with aligned UE DRX offsets;  
Low load case (0% - 15% RU)

Case 1 (align DRX offset to 0)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.29799999999999999	0.13700000000000001	9.1000000000000004E-3	



NW energy saving gain with SSB/SIB1-less SCell;  
Light load case (15% - 30% RU)

Case 1 (SCell without SIB1)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	2.3E-2	1.0999999999999999E-2	0	Case 2 (SCell without SSB and SIB1)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	7.9000000000000001E-2	1.2999999999999999E-2	0	



NW energy saving gain with reduced #TxRU;  
Light load case (15% - 30% RU)

Case 1 (64 to 32 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.158	0.158	4.5400000000000003E-2	Case 2 (64 to 16 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.192	0.221	0.16919999999999999	



NW energy saving gain with reduced #TxRU;  
Medium load case (30% - 50% RU)

Case 1 (64 to 32 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.253	0.26600000000000001	6.3899999999999998E-2	Case 2 (64 to 16 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.314	0.36699999999999999	0.44779999999999998	



NW energy saving gain with reduced PDSCH Power/PSD-level;  Light load case (15% - 30% RU)

Case 1 (PDSCH 3dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	8.6999999999999994E-2	8.6999999999999994E-2	2.0299999999999999E-2	Case 2 (PDSCH 6dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.111	0.11799999999999999	5.6599999999999998E-2	Case 3 (PDSCH 9dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.09	0.112	0.108	



NW energy saving gain with reduced PDSCH Power/PSD-level;  Medium load case (30% - 50% RU)

Case 1 (PDSCH 3dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.13900000000000001	0.14699999999999999	3.2800000000000003E-2	Case 2 (PDSCH 6dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.187	0.20599999999999999	8.9700000000000002E-2	Case 3 (PDSCH 9dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.17699999999999999	0.21	0.19489999999999999	



NW energy saving gain with joint BWP-based adaptation;  
Light load case (15% - 30% RU)

Case 1 (64 to 32 TXRUs; PDSCH 3dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.188	0.19700000000000001	9.06E-2	



NW Energy saving gain with wake-up of gNB triggered by UE;  
Low load case (0% - 15% RU)

Case 1 (3 of 7 BSs active)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.49299999999999999	0.51900000000000002	0	Case 2 (1 of 7 BSs active)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.79100000000000004	0.80700000000000005	0.40160000000000001	



NW Energy saving gain with aligned UE DRX offsets;  
Low load case (0% - 15% RU)

Case 1 (align DRX offset to 0)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.29799999999999999	0.13700000000000001	9.1000000000000004E-3	



NW energy saving gain with SSB/SIB1-less SCell;  
Light load case (15% - 30% RU)

Case 1 (SCell without SIB1)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	2.3E-2	1.0999999999999999E-2	0	Case 2 (SCell without SSB and SIB1)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	7.9000000000000001E-2	1.2999999999999999E-2	0	



NW energy saving gain with reduced #TxRU;  
Light load case (15% - 30% RU)

Case 1 (64 to 32 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.158	0.158	4.5400000000000003E-2	Case 2 (64 to 16 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.192	0.221	0.16919999999999999	



NW energy saving gain with reduced #TxRU;  
Medium load case (30% - 50% RU)

Case 1 (64 to 32 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.253	0.26600000000000001	6.3899999999999998E-2	Case 2 (64 to 16 TXRUs)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.314	0.36699999999999999	0.44779999999999998	



NW energy saving gain with reduced PDSCH Power/PSD-level;  Light load case (15% - 30% RU)

Case 1 (PDSCH 3dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	8.6999999999999994E-2	8.6999999999999994E-2	2.0299999999999999E-2	Case 2 (PDSCH 6dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.111	0.11799999999999999	5.6599999999999998E-2	Case 3 (PDSCH 9dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.09	0.112	0.108	



NW energy saving gain with reduced PDSCH Power/PSD-level;  Medium load case (30% - 50% RU)

Case 1 (PDSCH 3dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.13900000000000001	0.14699999999999999	3.2800000000000003E-2	Case 2 (PDSCH 6dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.187	0.20599999999999999	8.9700000000000002E-2	Case 3 (PDSCH 9dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.17699999999999999	0.21	0.19489999999999999	



NW energy saving gain with joint BWP-based adaptation;  
Light load case (15% - 30% RU)

Case 1 (64 to 32 TXRUs; PDSCH 3dB↓)	NW ES gain (Cat 1 BS)	NW ES gain (Cat 2 BS)	UPT loss	0.188	0.19700000000000001	9.06E-2	
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