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1. Introduction
In RAN1#109-e meeting, initial agreements on potential techniques and enhancements for time/frequency/spatial/power domain energy were made [1]. 
In this contribution, we will discuss the potential enhancements and provide our views on network energy saving techniques in time domain, spatial domain, frequency domain and power domain.
2. Time domain
[bookmark: _Hlk101275836]In order to save network energy, cells with empty/low load can enter into energy saving state when there is no/little served UE in these cells. In this energy saving state, BS will stop transmission of SSB/SIB1 or maintain only a very sparse transmission of SSB/SIB1. Obviously, this reduction of periodical SSB/SIB1 transmission could result in much energy saving gain in empty load case. However, energy saving cells should be activated in time when there is need to serve a UE since they can’t serve the UEs without normal SSB/SIB1 transmission. Then the most difficult part is how to activate the energy saving cell (i.e., return to normal state) when there is need to serve UEs in this cell without much impact on UE performance.
Legacy energy saving cell activation/deactivation mechanism
In NR Rel-17, SA designs an energy saving cell activation/deactivation mechanism for capacity booster cell overlaid by candidate coverage cell(s) in TS 28.310 [2]. One example is provided below: two gNB cells (Cell A, Cell B) cover the same geographical area, where Cell B has a smaller size than Cell A and is covered totally by Cell A. Generally, Cell A is deployed to provide continuous coverage of the area, while Cell B increases the capacity of the special sub-areas, such as hot spots. 
[image: ]
[bookmark: _Ref110956152]Fig. 1: Cell activation of capacity booster cell (Cell B) by candidate coverage cell (Cell A)
As described in TS 28.310, load-based energy saving (ES) cell activation/deactivation are specified to save network energy consumption. For example, Cell B becomes an energy saving cell when there is empty/low load. In this energy saving state, Cell B BS turns off almost all the hardware components for transmission/reception (i.e., go to quasi-off sleep mode) so that no UE can be served or camped in Cell B. At the same time, Cell B will monitor signalling information from Cell A via Xn interface to see whether it should become a normal operation cell.  Based on load information, Cell A providing basic coverage may request activation of Cell B, i.e., recovering normal state from energy saving state.

Energy saving cell activation by UE wake up signal (WUS)
According to the following analysis, legacy load-based mechanism relying on neighbor cell request as described above is not sufficient for activation of energy saving cells.
On one hand, in HetNet case as illustrated in Fig. 1, legacy load-based energy saving cell activation may not be accurate since the basic coverage cell (i.e., Cell A) may not know whether the increased load exists in the area of capacity booster cell (i.e., Cell B) which is in energy saving state. As an extreme case, it may occur that almost all the traffic loads are coming from UEs outside Cell B coverage but inside Cell A coverage. In this case, Cell A will send an activation request to Cell B since it detects that the traffic load of its own cell is larger than a certain threshold. However, actually, there is no need to activate Cell B which results in a waste of network energy consumption. Besides, if there are several capacity booster cells within one candidate coverage cell, all of them need to be activated due to unknown information of load source. This is a really a waste of network energy consumption and a more accurate energy saving cell activation mechanism is needed in this HetNet case.
On the other hand, in non-HetNet case as illustrated in Fig. 2, legacy mechanism relying on request from neighbor cells can’t be used to activate the cell if it is in energy saving state. In particular, if Cell 4 becomes energy saving state, its neighbor cells (e.g., Cell 3) have no knowledge that how many UEs moves to Cell 4’s area especially for idle UEs. In other words, Cell 4 can’t return to normal operation even when there is many idle UEs locating its coverage area. Therefore, the cell doesn’t dare to become energy saving state even when there is empty load since it can’t be activated to normal state when needed (e.g., a UE moves to its area). Otherwise, UE performance would be impacted a lot. To enable network energy saving in this case, a new energy saving cell activation mechanism is really necessary to be designed. 
[image: ]
[bookmark: _Ref110956174]Fig. 2: Potential UE wake up signal procedure
To solve the above problems, UE WUS mechanism can serve as a good candidate to help energy saving cell activation. The key idea is to allow UE to send WUS to activate an energy saving cell when moving to coverage area of the cell. On the other hand, BS of the energy saving cell needs to monitor the potential WUS transmission. As long as WUS is detected, the BS will return to normal operation state, i.e., transmit normal SSB/SIB1 to allow UE to access.
One example procedure is provided in Fig. 2:
· Step 1: gNB in Cell #4 detects that there is no UE load;
· Step 2: gNB in Cell #4 determines to enter energy saving state and start to monitor WUS;
· Step 3: A UE connected to Cell #3 obtains information from Cell #3 that there is an energy saving  cell around together with the corresponding WUS configuration;
· Step 4: A UE moves and sends WUS signal according to the configuration when meeting certain conditions (e.g. Cell #3 RSRP below a threshold);
· Step 5: gNB in Cell #4 detects WUS signal from the UE and switches on to normal operation.
Finally, the UE moving to Cell #4 area can perform normal transmission/reception under the gNB in Cell #4.
To enable energy saving cell activation mechanism by UE WUS, at least the following issues should be considered:
· UE WUS signal design, e.g. sequence type, sequence length and etc.
· UE WUS configuration design, e.g. time resource, frequency resource, power and etc.
· UE WUS procedure design, e.g. trigger to send WUS, power control and etc.
[bookmark: _Ref111210521][bookmark: _Ref102134111]Proposal 1: Study energy saving cell activation by UE wake up signal, at least including design on UE WUS signal, configuration, procedure and etc.

Initial evaluation results
The following three simulation cases were used to evaluate the performance of legacy BS and enhanced BS with UE WUS scheme in terms of throughput, power consumption, etc. The detailed simulation parameters could be found in Appendix. None of these cases considers any UE power saving techniques. And the DL FTP3 traffic model with the mean packet interval of 200ms and packet size of 0.5 Mbytes were evaluated. In addition, the non-uniform UE distribution is adopted, two-third of the cells had no UE camped at the beginning of the simulation.
· [bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK59][bookmark: OLE_LINK60]Baseline 1: legacy BS, where all cells are always in the on state during the whole simulation time.
· Baseline 2: legacy BS, where the cells without UEs camped at the beginning of the simulation is always in the off state during the whole simulation time.
· UE WUS scheme: enhanced BS with UE WUS scheme, where the cells without UEs camped are turned off at the beginning of the simulation, and the UE can activate these cells using a wake-up signal in the simulation.
The simulation results of legacy BS and enhanced BS with UE WUS scheme with 10 UEs per cell are shown below. 
· DL-only relative power : UL-only relative power=10:1

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Fig. 3:  SLS result curves for baseline and UE WUS scheme with DL:UL =10:1
· DL-only relative power : UL-only relative power=15:1

Fig. 4: SLS result curves for baseline and UE WUS scheme with DL:UL =15:1
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]It can be observed that baseline 1 has the highest average UE UPT, but the largest average BS power consumption, this is because all cells during the simulation are always in the on state, and the UE could always camp on the cell with the best performance after moving, but this also leads to a relatively large BS power consumption. The baseline 2 has the lowest average BS power consumption, but the lowest average UE UPT, which is because two-third of the cells during the simulation are always in the off state with no energy consumption, and the UE moves into their coverage area without serving the UE. While the performance metrics of the UE WUS scheme lie in between, when the UE moves into the coverage area of the cell with the off state and the RSRP between the UE and its serving cell becomes worse, it sends a wake-up signal to wake up the cell in the off state to serve it.
For the result with the ratio of DL-only relative power to UL-only relative power is 10 to 1, compared to baseline 1, the UE WUS scheme could obtain about 19.09% BS power consumption gain, while the average UE UPT decreases from 625.02Mbps to 606.48.94Mbps. For the ratio of 15 to 1, compared to baseline 1, about 21.60% BS power consumption gain could be obtained for UE WUS scheme.
[bookmark: _Ref111227646]Observation 1: The UE WUS scheme can achieve a good BS power gain without a significant reduction in UPT.
3. Spatial domain
5G BSs with massive MIMO (mMIMO) can not only increase network capacity by multiplexing multiple data streams, but also significantly improve network coverage via beamforming. Meanwhile, mMIMO needs higher power consumption compared to the small number of antennas, since the PA module for transceiver modules may require more power consumption when the number of TxRU is large. The power consumption of mMIMO is mainly depending on the number of “ON” TxRUs. However, the transmission capacity/coverage provided by mMIMO may be redundant for some time. Therefore, BS can intentionally mute some sets of the BS antenna/transceiver modules for power saving.
For example, in the case of burst traffic, there could be some slots where traffic load within a cell would be low. And in these cases, the data rate requirements can be satisfied by using only a subset of BS antenna/transceiver modules. Another example is that a subset of BS antenna/transceiver modules could provide enough antenna gain for the UEs who have good channel conditions but don’t need high rank to improve spectrum efficiency. As shown in Fig. 5, an example of TxRU muting is provided by deactivating some subsets of antenna/transceiver modules.
[bookmark: _Ref102134012]Observation 2: Muting subset of BS antenna/transceiver modules can achieve power saving for Network.


[bookmark: Fig2][bookmark: _Ref110344381][bookmark: _Ref101857596][bookmark: _Ref110344374]Fig. 5: Illustration of muting part of the antennas on a panel
Determination on spatial elements of BS for NW energy saving
As mentioned above, the power consumption of antenna modules for BS mainly depends on the number of PA modules. Therefore, network energy saving in spatial domain would need to turn off part of the antennas/panels, which is essentially equivalent to turning off the TxRUs. 
Depending on the port virtualization (i.e., the mapping between the ports and TxRUs) and the TxRUs to be switched off, there are two possible cases (i.e., Fig. 6 and Fig. 7) as shown in the following. 
	

	


	[bookmark: _Ref101943308]Fig. 6: number of ports is reduced (Case 1)
	[bookmark: _Ref101943327][bookmark: _Ref110344434]     Fig. 7: number of ports remains the same (Case 2)


Both Case 1 and Case 2 are possible in practical scenarios. In Case 1, the number of ports may reduce due to turning off all the TxRUs corresponding to the antenna ports. For Case 1, there may be impacts on CSI-RS transmission and CSI measurement due to the reduction of antenna ports. 
In Case 2, the number of ports remains the same before and after TxRU Off. Although the number of ports is kept the same, the port virtualization is actually changed. As result, the spatial relationship of the ports would change and CSI measurement would also be impacted. 
Either in Case1 or Case2, TxRU On/Off can be regarded as logical port adaptation since there is mapping between TxRUs and ports, despite that the mapping between TxRUs and ports is up to BS implementation. Hence, TxRU On/Off can be interpreted as port adaptation to some extent.
On the other hand, NW energy saving can also be achieved by dynamically TRP On/Off. TRP Off can provide benefits for network energy saving in terms of reduced control signalling transmission and data scheduling. In addition, the UE power consumption can also benefit from TRP Off, e.g., reduced PDCCH monitoring and HARQ-ACK feedback associated with Off TRP. So far, switching between m-TRP and s-TRP can be realized by RRC reconfiguration (i.e., CORESETPollIndex{0} CORESETPollIndex{0,1}) or BWP switching. However, the existing mechanism is not efficient enough and more dynamic way of TRP On/Off can be further studied. 
[bookmark: _Ref110956522]Proposal 2: Study both dynamic port adaptation and dynamic TRP On/Off for network energy saving.

Adaptation of port/TRP of BS for energy saving
For adaptation of port/TRP of BS, two approaches could be considered.
· semi-static adaptation of port/TRP
· dynamic adaptation of port/TRP 
For semi-static adaptation of port/TRP, BS may change the number of ports/TRPs by reconfiguring the measurement resources or spatial domain info semi-statically by RRC or MAC CE. The semi-static mechanism may result in coarse adaptation granularity due to large latency, which may lead to larger BS power consumption. Moreover, the semi-static way cannot match real-time traffics well which may lead to reduction in capacity performance.
For dynamic adaptation of port/TRP, BS can flexibly adjust the number of ports/TRPs by L1 signaling with short latency according to the traffic load and data rate requirement. Due to the number of ports/TRPs could be timely adapted to the traffic load, both the BS power consumption and capacity performance can benefit from the dynamic adaptation of port/TRP.
The performance of BS power consumption for a given UPT performance loss with semi-static or dynamic adaptation of TxRUs is shown in Fig. 8, where TxRUs and ports are mapped one-to-one, i.e., the number of ports is equal to the number of TxRUs. For more detailed simulation assumptions, please find Appendix. To calculate the BS power consumption gain for the schemes with semi-static or dynamic adaptation of TxRUs, the baseline scheme was set to 32 BS antenna ports that are always in “ON” state without any power saving technique. Compared to the UPT for baseline with 32 TxRUs, UPT loss for each simulation scheme is derived.
In semi-static adaptation scheme, the number of ports for the next X slots is determined every X slots based on the traffic load of the current slot.  In dynamic adaptation scheme, the number of ports is determined per TTI. Moreover, the criteria for the adjustment of the number of ports between 32ports and 8 ports are traffic load and the RSRP of UEs. For example, when the RSRP of all UEs is larger than X dB, then the number of ports can be switched to 8 ports, otherwise 32 ports. 

Fig. 9: Dynamic vs semi-static port adaptation (8 ports and 32 ports)
It is observed from Fig. 9 that compared to the baseline scheme, dynamic adaptation scheme can achieve more power saving gain than semi-static adaptation scheme with given UPT loss. This is because dynamic adaptation of port/TRP can flexibly adjust the number of ports/TRPs with short latency according to the traffic load and data rate requirement. On the other hand, by applying different criteria for adapting the number of ports, power saving gain for semi-static or dynamic adaptation increases while the UPT performance decreases. 
[bookmark: _Ref111120786]Observation 3: Dynamic port adaptation can achieve more power saving gain than semi-static way. 
In the case of port adaptation and TRP On/Off, the adjustment of number of port/TRP is cell-specific behavior, which is common to all the UEs within the cell. If the notification of the adjustment of number of port/TRP is transmitted to each UE, signaling overhead would significantly increase. To reduce the signaling overhead, group-common L1 signaling can be considered for adaptation of port/TRP of BS.
[bookmark: _Ref111210542][bookmark: _Hlk111120870]Proposal 3: Study Group-common L1 signaling to enable faster port adaptation and efficient TRP On/Off.


[bookmark: _Ref111110359]Fig. 10: Illustration of difficult CSI tracking
Dynamic adaptation of port/TRP of BS would have impact on the CSI measurement. The CSI measurement results based on the CSI-RS with different numbers of port/TRP could be different, since the TCI state or transmission power may change. The CSI report based on a given set of port/TPP may not be suitable for gNB to make accurate scheduling decision and MCS selection for another set of port/TRP. 
An example is shown in Fig. 10, UE reports CSI 1 for 32 ports in T1 and reports CSI 2 for 8 ports in T2. Whether the gNB schedules PDSCH in T3 based on CSI report 1 or 2, these reported CSIs are not accurate enough to match the current channel conditions well. 
To adapt to the variation of the number of port/TRP, the CSI-RS related configuration should be updated accordingly. To achieve accurate CSI tracking for adaptation of port/TRP, multiple CSI reports for different numbers of port/TRP can be considered.

[bookmark: _Ref111110525][bookmark: _Ref110416075]Fig. 11: System level simulation results for multi-CSI and single-CSI
Fig. 11 presents the system level simulation results of dynamic TxRUs On/Off (i.e., 8/32 TxRUs dynamic switching) for both multi-CSI and single-CSI, where multi-CSI means both CSI for 32 ports and 8 ports are measured and reported to NW at the moment of CSI measurement and single CSI means that only a single CSI corresponding to the current number of “ON” ports in the current slot is reported. And the UPT loss is derived by comparing the results to the case where 32 TxRUs are always on. It is obviously shown from Fig. 11 that the power saving gain of multi-CSI is larger than the counter part of single-CSI under the same UPT loss since the CSI for 8 ports and CSI for 32 ports are both reported to gNB in the case of multi-CSI, which effectively avoids inaccurate CSI tracking.
[bookmark: _Ref111120808][bookmark: _Hlk111120677]Observation 4: Multi-CSI reporting can alleviate the negative impacts of inaccurate CSI tracking.
[bookmark: _Ref111210565]Proposal 4:  Study CSI measurement/report enhancement for network energy saving to facilitate fast port adaptation with good performance. 
4. Frequency domain 
Multi-carrier operation is a typical case in 5G NR network deployment to enhance the network capacity. However, larger bandwidth operation may result in more network energy consumption. Thus reduction of network energy consumption in multi-carrier operation case needs to be studied.
Legacy multi-carrier operation case
Legacy case 1 is provided below as a normal deployment case, i.e. standalone operation for each carrier. Particularly, gNB transmits SSB, SIB1 and paging in each carrier while UE can perform RACH transmission in any carrier. Since different UEs may detect SSBs in different carriers according to its own implementation for cell search, they may use different carriers for initial access and operation. In this way, UE loads are distributed randomly in different carriers so that the network capacity (i.e. affordable number of UEs) is enhanced by this multi-carrier operation. However, the network energy consumption is large due to that always-on signalings (e.g. SSB and SIB1) are transmitted in all the carriers.
[image: ]
Fig. 12: Illustration of legacy case 1 – per carrier standalone operation
Legacy case 2 is provided below as a straight forward way to improve network energy consumption without spec impact, i.e. CA operation with one carrier as Pcell for all UEs. Particularly, gNB only transmits SIB1 and paging in Pcell only while UE can only perform RACH transmission in Pcell. Obviously, the benefit is network consumption reduction compared to legacy case 1 due to no transmission of SIB1 and paging in Scells. However, the load in the Pcell will be quite crowded since all UEs can only perform RACH transmission in the Pcell and each UE will be working at least before RRC connection in the Pcell. Thus the motivation of multi-carrier operation for capacity enhancement may be lost.
[image: ]
Fig. 13: Illustration of legacy case 1 – per carrier standalone operation
Anchor carrier concept
Anchor carrier concept is introduced to achieve both benefits of legacy case 1 (i.e. capacity enhancement) and legacy case 2 (i.e. network energy saving). Under anchor carrier concept, UE obtains system information for anchor carrier and necessary system information for non-anchor carriers in anchor carrier only. Then a UE may perform random access/data transmission/data reception in one or more of anchor carrier or non-anchor carriers. One example scenario is shown below: UE obtains SSB and SIB1 in anchor carrier and perform RACH transmission in one of anchor carrier and non-anchor carriers. In this way, there is no need to transmit SSB/SIB1/Paging in non-anchor carriers compared to legacy case 1. At the same time, UEs are distributed in different carriers for RACH transmission and further data operation, which solves the crowded problem as legacy case 2. For the design of anchor carrier concept, different types of UEs should be taken into account, i.e. initial access UEs, RRC idle UEs and RRC connected UEs.
[image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. 14: Illustration of anchor carrier concept
[bookmark: _Ref102134127]Proposal 5: Study anchor carrier concept for network energy saving in frequency domain, including design and procedure for initial access UEs, RRC idle UEs and RRC connected UEs.
5. Power domain
For network energy saving, there are two possible directions: downlink power control and BS PA efficiency enhancement, which are discussed as follows.
Downlink power control
The idea of downlink power control is to adapt downlink transmission power in time domain due to scheduling of different UEs or channel varying. In this way, optimization of Tx power to meet the need could avoid redundant Tx power. Due to self-containing DM-RS for channel estimation, it seems that there is no problem for BS to have varying PDCCH/PDSCH transmission power from slot to slot by BS implementation. For SSB/CSI-RS transmission, the Tx power is indicated to UE by SIB1 or RRC signaling. Thus, the power of SSB/CSI-RS transmission can be changed semi-statically.
[bookmark: _Ref102134021]Observation 5: Dynamic or semit-static downlink power control for DL transmissions can be achieved by BS implementation without spec impact.
BS PA efficiency enhancement
According to current statistics, PA component consumes most of the energy at BS side, which is almost 50% with full load [3]. Therefore, how to improve the efficiency and saving the power consumption of PA is beneficial for network energy saving. Currently, there are already several existing implementation-based mechanisms at BS side for PA efficiency enhancement, e.g., Envelop tracking (ET) and Digital Pre-distortion (DPD) as introduced below:
· Envelop tracking (ET)
[image: ]
Fig. 15: Illustration of ET concept
As the name indicates, ET employs a system whereby the amplitude envelope of the signal is tracked and utilised by the amplifier. From above figure, we can see that the ET can be totally accomplished by BS. An envelope tracking systems will take the envelope appearing at the input of the power amplifier and then use this to drive the power supply providing the line voltage for the RF power amplifier. This is modulated to ensure that it correctly tracks the amplitude of the signal.
The essence of the ET is to vary the supply voltage in real time to meet the PA supply voltage needs. That is because the static power consumption of the PA is not related to the input signal but to the power supply voltage. The higher the power supply voltage, the greater the static power consumption. Thus, when the static operating point of PA is adjusted with the change of the input signal, the working efficiency of the PA can be effectively improved.
Researches have shown that when using a fixed supply voltage, the average efficiency may be less than 25%. In contrast, by using ET technique, the average efficiency of the power amplifier can be improved by more than 50%, that is, doubling the efficiency and reducing the power amplifier loss by two-thirds.
· Digital Pre-distortion (DPD)
DPD is one of the most cost-effective linearization techniques. It features an excellent linearization capability, the ability to preserve overall efficiency, and it takes full advantage of advances in digital signal processors and A/D converters. The technique adds an expanding nonlinearity in the baseband that complements the compressing characteristic of the RF power amplifier [5] which can be accomplished by BS side.
[image: ]
Fig. 16: Illustration of DPD concept
DPD is a technique to increase linearity or compensate for non-linearity in power amplifiers. A predistortion element is cascaded with the PA, which exhibits a comparable amount of distortion to the amplifier, but in the opposite function. Combining these two nonlinear distortion functions enables a highly linear, distortion-free system.
The challenge with digital predistortion is that the distortion (ie, nonlinear) characteristics of a PA vary with time, temperature, biasing, and differnt devices show different characterics. Therefore, while it is possible to design the correct predistortion algorithm for one device, it is impossible to do this for all device. To slove the above issue, it is better to use a feedback mechanism to sample the output signal and use it to correct the pre-distortion algorithm. From our perspective, feedback on this signal by BS is appropriate. If the feedback of this signal by BS, like form the output of PA or TX antenna, since the network better knows the characteristics of PA, it can better perform DPD distortion processing. Moreover, feedback of this signal by BS only needs to be realized through the network side, thus avoiding the impact of standardization.
[bookmark: _Ref102134023]Observation 6: PA efficiency enhancement at BS side (e.g., ET and DPD) can be achieved by BS implementation without spec impact.
Obviously, the above technologies (ET and DPD) can be directly achieved by BS implementation. However, some companies suggested that UE-assisted BS PA efficiency enhancement can be applied [6], which include: 
· UE report distortion information; 
· Compensate for PA non-linearity on Rx side, i.e., DPoD (Digital Post Distortion) at UE side.
However, the gain from these schemes needs to be evaluated. Meanwhile, the issues brought by the above methods would also need to be assessed, such as the increase in the complexity of UE implementation, UE power consumption and specification impact. Thus, from our perspective, we need to further study the impact of UE-assisted BS PA efficiency enhancement, where the implementation-based scheme (ET and DPD) above can be a start-point.
[bookmark: _Ref111210588]Proposal 6: Whether to study UE-assisted BS PA efficiency enhancement scheme should consider power saving gain compared to implementation-based scheme (ET and DPD) and the cost of UE complexity.
6. Conclusion
In this contribution, network energy saving techniques in time, spatial, frequency and power domain are discussed and have the following observations and proposals:
Observation 1: The UE WUS scheme can achieve a good BS power gain without a significant reduction in UPT.
Observation 2: Muting subset of BS antenna/transceiver modules can achieve power saving for Network. 
Observation 3: Dynamic port adaptation can achieve more power saving gain than semi-static way.
Observation 4: Multi-CSI reporting can alleviate the negative impacts of inaccurate CSI tracking.
Observation 5: Dynamic or semit-static downlink power control for DL transmissions can be achieved by BS implementation without spec impact.
Observation 6: PA efficiency enhancement at BS side (e.g., ET and DPD) can be achieved by BS implementation without spec impact.
Proposal 1: Study energy saving cell activation by UE wake up signal, at least including design on UE WUS signal, configuration, procedure and etc.
Proposal 2: Study both dynamic port adaptation and dynamic TRP On/Off for network energy saving.
Proposal 3: Study Group-common L1 signaling to enable faster port adaptation and efficient TRP On/Off.
Proposal 4:  Study CSI measurement/report enhancement for network energy saving to facilitate fast port adaptation with good performance.
Proposal 5: Study anchor carrier concept for network energy saving in frequency domain, including design and procedure for initial access UEs, RRC idle UEs and RRC connected UEs.
Proposal 6: Whether to support UE-assisted BS PA efficiency enhancement scheme should consider power saving gain compared to implementation-based scheme (ET and DPD) and the cost of UE complexity.
7. Appendix 
[bookmark: _Ref1208685]Table I. Simulation assumption for FR1 Urban Macro scenario
	Parameter
	value

	Scenarios
	Urban Macro
hexagonal layout with 7, 3 Sectors

	Channel model
	Uma

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 1.72% Guard Band

	Subcarrier spacing
	30 kHz

	Frame structure
	DDDSU (S: 10D:2G:2U)

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 64T: (8,8,2,1,1;4,8)
(dH, dV) = (0.5, 0.8) λ

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5, N/A) λ

	BS antenna pattern
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	55dBm, EIRP should not exceed 73 dBm

	UE max Power
	23 dBm, EIRP should not exceed 43 dBm

	BS height
	25m

	UE height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; nfl~uniform (1, Nfl) where Nfl~uniform (4,8)

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Down-tilt
	6 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	UE distribution
	For evaluation of enhanced BS with TxRU muting:
20% outdoor (30km/h), 80% indoor (3km/h)
For evaluation of enhanced BS with UE WUS:
100% outdoor (60km/h)

	Traffic model
	FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time)


Table II. Base station energy consumption model for FR1
	Power state
	Quasi-off
	Deep
	Light
	Micro
	Idle
	SSB
	CSIRS
	SSB+CSIRS
	PDCCH
	PDSCH

	Cell relative power
	0.25
	1
	20
	45
	60
	80
	80
	160
	100
	300


[bookmark: _Ref101813294]Table III. BS energy consumption model of transition state for FR1
	Sleep type
	Additional transition energy:
(Relative power x ms) 
	Total transition time 

	Quasi-off sleep
	15000
	600 ms

	Deep sleep 
	225
	10 ms 

	Light sleep 
	16.67
	1 ms 

	Micro sleep 
	0 
	0 ms* 

	*Immediate transition is assumed for power saving study purpose from or to a non-sleep state
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UPT (Mbps) and BS power gain (DL power:UL power=10:1)
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baseline 1	baseline 2	uewus	0	0.17022100370224835	3.4560703871912207E-2	power gain	
baseline 1	baseline 2	uewus	0	0.31831492027900771	0.19086219201270332	BS power	
baseline 1	baseline 2	uewus	2.0403422857142854	1.5672519999999996	1.7538099047619047	
UPT (Mbps)


BS power gain




UPT (Mbps) and BS power gain (DL power:UL power=15:1) 

UPT	
baseline 1	baseline 2	uewus	629.23481471515129	520.49925471727761	602.96571192711315	UPT loss	
baseline 1	baseline 2	uewus	0	0.17022100370224835	3.4560703871912207E-2	power gain	
baseline 1	baseline 2	uewus	0	0.35400672458970017	0.21601910349671277	BS power	
baseline 1	baseline 2	uewus	2.0403422857142854	1.5672519999999996	1.7538099047619047	
UPT (Mbps)


BS power gain




UPT loss (%) and BS PS gain(%)

Dynamic	
1	2	3	4	6.3443644067796595E-2	8.7341949152542397E-2	0.10909434889434901	0.13952941176470601	Semi-static	
1	2	3	4	3.2153623188405797E-2	5.3602898550724601E-2	7.7208650519031197E-2	0.12133992094861699	UPT loss	
1	2	3	4	0.06	0.1	0.14000000000000001	0.2	BS PS gain


UPT loss







UPT loss (%) and BS PS gain(%)

Multi-CSI	
1	2	3	4	6.3443644067796595E-2	8.7341949152542397E-2	0.10909434889434901	0.13952941176470601	Single-CSI	
1	2	3	4	1.64475073313783E-2	4.4611111111111101E-2	7.07222222222222E-2	0.105778260869565	UPT loss	
1	2	3	4	0.06	0.1	0.14000000000000001	0.2	BS PS gain


UPT loss
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