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1. Introduction
This contribution discusses aspects related to energy consumption modelling, evaluation methodology, and evaluation results for NW energy saving techniques.
2. Energy Consumption Modelling 
2.1 BS power consumption model
During the RAN1#110bis-e meeting [1], the several agreements for energy consumption modelling have been made for evaluation of NW energy saving techniques in Annex A. Based on the agreements, the following parameters for scaling are assumed for calculating NW energy consumption.
	· The BS power consumption for active DL transmission is provided by

· : a static part of power for BS in active, which is not scaled based on reference configurations. 
· Baseline: 
· : a dynamic part of power for BS in active, which is scaled based on reference configuration.
· Baseline: , where , , is the fraction of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively
· 
·  is the power part related to PA.
· For simplicity
· A = baseline: 0.4;
· For 
· If two values of  are used for evaluation,  = 0.76 if ; otherwise, 
· The BS power consumption for active UL transmission is provided by

· : a static part of power for BS in active, which is not scaled based on reference configurations. 
· : a dynamic part of power for BS in active, which is scaled based on reference configuration and  is the percentage of active TRxRUs
· Baseline
· 
·  when no scaling is applied (i.e. scaling factor is 1)



As stated in the above, for the BS power consumption scaling, a static part of power for BS in active ( was set-up as . Also, regarding the factor A, which is about ratio of power consumption between  and , we assumed 0.4 as baseline. In addition, for the factor , which is related PA scaling, we assumed two values as  = 0.76 if  and , otherwise. The other details of SLS simulation assumption can be found in Annex B for reference configuration set 1, set 2 and set 3.
2.2 KPIs
In RAN1#110 meeting, the following agreement was made for KPIs to identify the performance gain or loss by applying the potential network energy saving techniques. 
	Agreement
· FFS whether to set exact requirements/QoS target for UPT and/or latency impact
· Other KPIs can be optionally reported, conditioned with clear definition/descriptions provided.
· Note for potential new channel/signals, e.g. WUS from UE, the assumption for detection reliability at BS side is reported (performance and complexity impact would subject to results and further discussion).


During the previous meetings, numerous possible KPIs were considered, including energy saving gains, as well as assessing/balancing impact to user performance (e.g., UPT, latency, handover performance, initial access performance, spectral efficiency, capacity, etc.), network coverage, energy efficiency, UE power consumption, and complexity. Among these, we think that energy saving gain, latency and coverage should be considered as the most critical KPIs for fundamental network operation.
Among all the possible KPIs, energy saving gain (ESG) should be prioritized for evaluating the performance of an energy saving technique. The ESG can be defined as 
ESG = (B-A)/B×100%,
where A is the energy consumption of gNB corresponding to a given energy saving network operation state, and B is the energy consumption of gNB corresponding to the baseline network operation state in which fundamental operations by gNB such as scheduling and/or traffic processing are assumed to be possible without interruptions due to network dormancy.
In addition to ESG, two kinds of latency, which are packet latency and scheduling latency, should be considered. The increase in the packet latency can be modeled as 
Packet latency increase = , and  = ,
where the packet latency, denoted by L, is calculated as the delay between the time when a packet arrives and the time when the packet is decoded similar to user plane latency in [2]. It provides a network performance measure in terms of how long it takes to deliver a packet. The increase in the scheduling latency can be modeled as
Scheduling latency increase = , and  = ,
where the scheduling latency, denoted by , is calculated as the delay between the time when a packet arrives and the time when the packet is scheduled. The scheduling latency had been used during SI for UE power saving [3], which provides a measure on the scheduling performance by applying network energy saving techniques. 
Meanwhile, a user perceived throughput loss, i.e., UPT loss, can be considered to reflect the impact on system throughput performance, which is modeled as [4]
UPT loss = , UPT = amount of data (file size) / time needed to download data,
where the UPT is calculated as a file size divided by the time spent to download the file, which is calculated from when the file arrives in the transmit buffer to when the last packet of the file is correctly delivered to the receiver.
Last but not least, coverage should be also considered as one key performance metric as it is a critical measure regarding network deployment. Coverage loss can be provided by 5-percentile UE’s latency increase or UPT loss. 
3. NW energy saving performance evaluation results
3.1 Potential techniques in time domain solution
In this section, we provide the evaluation results in time domain solution. 
3.1.1 	Adaptation of common signals and channels (‘Technique #A-1’)
For the evaluation of adapting common signals and channels, e.g., SSB, a periodic time pattern as described in Figure 1 is assumed in conjunction with various baseline and reduced SSB transmission scenarios provided in Table 1. 

 
Figure 1: Illustration of the baseline scenario for evaluating SSB adaptation
Table 1: Evaluation assumption for SSB adaptation 
	
	Baseline
	Reduced SSB transmission

	Scenario 0.
(ssb-periodicity: 20 ms) 
	FR1: 8 SSBs
FR2: 64 SSBs
Cat1) sleep mode: micro sleep & light sleep
Cat2) sleep mode: micro sleep
	FR1: [1, 2, 4] SSBs
FR2: [1, 2, 4, 8, 16, 32] SSBs
Cat1) sleep mode: micro sleep & light sleep
Cat2) sleep mode: micro sleep

	Scenario 1.
(ssb-periodicity: 40 ms) 
	FR1: 8 SSBs
FR2: 64 SSBs
Cat1) sleep mode: light sleep
Cat2) sleep mode: micro sleep
	FR1: [1, 2, 4] SSBs
FR2: [1, 2, 4, 8, 16, 32] SSBs
Cat1) sleep mode: light sleep
Cat2) sleep mode: micro sleep

	Scenario 2.
(ssb-periodicity: 80 ms) 
	FR1: 8 SSBs
FR2: 64 SSBs
Cat1) sleep mode: light sleep
Cat2) sleep mode: micro sleep
	FR1: [1, 2, 4] SSBs
FR2: [1, 2, 4, 8, 16, 32] SSBs
Cat1) sleep mode: light sleep
Cat2) sleep mode: micro sleep

	Scenario 3.
(ssb-periodicity: 160 ms) 
	FR1: 8 SSBs
FR2: 64 SSBs
Cat1) sleep mode: light sleep & deep sleep
Cat2) sleep mode: micro sleep
	FR1: [1, 2, 4] SSBs
FR2: [1, 2, 4, 8, 16, 32] SSBs
Cat1) sleep mode: light sleep & deep sleep
Cat2) sleep mode: micro sleep


The active DL traffic duration is derived from resource utilizations acquired for various traffic loads (e.g. Medium load: 42 % RU, Light load: 24 % RU, Low load: 7.5 % RU and Very low load: 2 % RU) from system level simulation with given reference configuration in Annex B and the agreed relative power levels in Annex A. For FR1 baseline, we assumed 8 SSB transmissions over 4 slots with 46.5 and 5.2 relative power spending per SSB for Cat 1 and Cat 2, respectively, with given reference configuration set 1 and the scaling method described in section 2.1. For FR2 baseline, we assumed 64 SSBs over 32 slots with 26.5 and 2.9 relative power spending per SSB for Cat 1 and Cat 2, respectively, with given reference configuration set 3 and the scaling method. By adapting the number of SSB transmissions, we determined a suitable sleep mode, which has a longer sleep duration than its transition time within each SSB-periodicity. As a consequence, in Cat 2, only the micro sleep mode was applied because of the longer transition time than the SSB-periodicity itself.
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Figure 2: Evaluation results of SSB adaptation at FR1
As analyzed in Figure 2, the evaluation results of SSB adaptation show up to 17.8 % energy saving gain for Cat 1 and up to 9.2 % energy saving gain for Cat 2 in FR 1. In the BS type of Cat 2, only micro sleep was applied and, as a results, a lower ESG is acquired compared to Cat 1.
Observation 1: Adapting the number of SSBs provides energy saving gain up to 17.8 % with Cat1 and up to 9.2% with Cat2 in FR1.
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Figure 3: Evaluation results of SSB adaptation at FR2
As shown in Figure 3, the evaluation results of SSB adaptation show up to 25.4 % energy saving gain for Cat 1 and up to 18.9 % energy saving gain for Cat 2 in FR 2. In the BS type of Cat 2, only micro sleep was applied and, as a results, a lower ESG is acquired compared to Cat 1. Also, SSB adaptation provides better ESG in FR 2 compared to FR1, because the portion of total power consumption for SSB transmission in FR2 was higher than FR1.
Observation 2: Adapting the number of SSBs provides energy saving gain up to 25.4 % with Cat1 and up to 18.9 % with Cat2 in FR2.
As traffic loads (i.e. % RUs) for DL traffic decreases, the ESG of SSB adaptation increases because the power consumption for SSB transmission takes larger portion of the total power consumption. Similarly, the ESG of SSB adaptation also depends on the ssb-periodicity. Furthermore, by reducing the number of SSB transmissions, gNB have more resource for sleep state. And, in accordance to increase the resource for sleep, the applicable sleep mode can be changed from micro sleep to light sleep as shown in scenario 0 (FR2), and it provides better ESG. Also, due to the traffic loads, the applicable sleep mode can be changed, and it results in the different trend of ESG as observed in scenario 3 (FR2).
Observation 3: Under low traffic load and with short SSB-periodicity, adapting the number of SSBs provides better energy saving gain.
3.1.2 	Wake up of gNB triggered by UE wake up signal (WUS) 

For low traffic load scenario, gNB has to unnecessarily wake up to detect the possible SR transmission even when there is no UL traffic arriving at the UE. The time staying in sleep state will be reduced because of the periodic SR detection. WUS can be used as a mechanism to avoid such situation.
The following proposal regarding WUS detection by gNB in an inactive state was agreed in RAN1#110bis-e as a starting point for further discussion. The detection of WUS itself may not incur the gNB’s power state transition, while the gNB transitions into an active power state only after decoding a valid WUS from a UE. For a low load scenario, gNB has more opportunities to stay in a sleep mode longer to reduce power consumption with the support of WUS. 
		
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS



To evaluate the impact on latency and energy saving gain with WUS, the following scenarios are assumed.
Baseline (SR based scheduling without WUS): UE transmits SR when UL traffic arrives, gNB schedules a UL grant after receiving the SR, and the UE transmits the PUSCH after receiving the UL grant from the gNB. The minimum offset between traffic arrival and SR transmission is 1 slot. The offset between SR transmission and UL grant reception is 2 slots. The offset between UL grant reception and PUSCH transmission is 1 slot.  
WUS based scheduling: UE transmits WUS when UL traffic arrives, gNB schedules a UL grant after receiving the WUS, and the UE transmits the PUSCH after receiving the UL grant from the gNB. The minimum offset between traffic arrival and WUS transmission, the offset between WUS transmission and UL grant reception, and the offset between UL grant reception and PUSCH transmission are 1 slot, 2 slots, and 1 slot durations, respectively. 
For both scenarios, one shot transmission (without HARQ retransmission) is assumed given the low traffic load scenario. The available resource in such a low traffic load scenario would be sufficient to lower the coding rate for PUSCH transmission, which will increase the chance of successful decoding from an initial transmission that can help to reduce gNB’s active time and, thereby, reduce the NW energy consumption.
Latency evaluation
FTP3 is used for the simulation and two user plane latency requirements, e.g., 10ms and 20ms are considered. To ensure the user plane latency requirements, the periodicity of SR transmission is set to 5ms and 15ms for 10ms and 20ms latency requirements, respectively. The periodicity of WUS transmission is set to 1ms. The scheduling latency is defined as in Section 2.2. For the worst case, it is ensured that the scheduling latency is no larger than the latency requirement.  
[bookmark: OLE_LINK1]NW energy consumption evaluation
For the baseline (SR based scheduling without WUS), the active DL slots include the slots where there are PDCCH transmissions for UL grants. The active UL slots include the slots where there are SR occasions (including both negative SR and positive SR), as the gNB needs to transit into an active UL state to decode the SR, or PUSCH transmissions. 
For WUS based scheduling, it is the same for the active DL slots, but active UL slots only includes the slots where there are PUSCH transmissions, not including slots for WUS detection. 
Evaluation results
The basic assumption is that gNB needs to wake up to detect SR but can detect WUS during sleep state. If gNB does not detect a WUS, gNB keeps staying in the sleep mode which depends on the time offset between two DL/UL transmissions. Set 2 of Cat 1 is used for evaluation and only UL traffic is considered. FTP3 is used as the traffic model and the mean inter-arrival time is assumed to be 2 seconds.  
Assumption 1
The periodicity of WUS and SR is the same 10ms and 15ms are considered in the evaluation. 
The power consumption for WUS is assumed to be 90, 55 and 10. 
The latency is the same for WUS based and SR based mechanism.
The evaluation results are shown in Table 2.
Assumption 2
The periodicity of WUS and SR is the same 10ms and 15ms are considered in the evaluation. 
The power consumption for WUS is assumed to be 90, 55 and 10. 
The evaluation results are shown in Table 3 and 4.
Table 2: Evaluation results of WUS (Assumption 1- ESG)
	Power of WUS
	90
	55
	10

	Number of UEs
	1
	5
	10
	1
	5
	10
	1
	5
	10

	ESG (%)
(P_SR =10ms, P_WUS =10ms)
	70.30
	64.05
	57.21
	80.13
	73.73
	66.72
	92.76
	86.17
	78.94

	ESG (%)
(P_SR =15ms, P_WUS =15ms)
	76.41
	69.41
	61.78
	83.67
	76.56
	68.79
	93.01
	85.74
	77.79


Table 3: Evaluation results of WUS (Assumption 2- ESG)
	Power of WUS
	90
	55
	10

	Number of UEs
	1
	5
	10
	1
	5
	10
	1
	5
	10

	ESG (%)
(P_SR =10ms, P_WUS =5ms)
	45.04
	39.17
	32.76
	64.69
	58.53
	51.79
	89.95
	83.42
	76.24

	ESG (%)
(P_SR =15ms, P_WUS =5ms)
	39.05
	32.65
	25.69
	60.84
	54.08
	46.71
	88.86
	81.64
	73.74

	ESG (%)
(P_SR =15ms, P_WUS =10ms)
	67.07
	60.19
	52.71
	77.96
	70.91
	63.21
	91.97
	84.68
	76.73


Table 4: Evaluation results of WUS (latency gain)
	Period
	P_SR =10ms, P_WUS =5ms
	P_SR =15ms, P_WUS =5ms
	P_SR =15ms, P_WUS =10ms

	Latency gain (%)
	29.5%
	45.3%
	22.5%


As shown in Table 2 and 3, the WUS can provide network energy saving gains. The network gain comes from longer staying in the sleep state and lower power consumption for WUS detection. For assumption 2, WUS can help reduce the UL scheduling latency if the periodicity of WUS is smaller than that of SR.
Observation 4: gNB wake-up triggered by UE can provide significant energy saving gain as well as latency reduction gain.
3.2 Potential techniques in frequency domain 
[bookmark: _Hlk118369665]In this section, dynamic adaptation of bandwidth part of UE(s) within a carrier (Technique #B-2) has been evaluated for network energy saving. In the evaluation result, the ESG of BWP adaptation is calculated based on the resource utilization accounting both PDCCH and PDSCH transmissions and by assuming deep sleep mode for Cat 1, micro sleep mode for Cat 2, and relative power and total transition time with the scaling model as described in section 2 over 160 ms duration. In terms of scheduling latency, it was compared between full bandwidth and reduced bandwidth to show the scheduling impact, which may be affected by traffic loads. Figure 4 depicts the BWP adaptation with fixed PSD value for keeping the coverage. BW is adapted from 100 MHz with 55 dBm transmission power to 80MHz BW with 54 dBm transmission power by adapting to the traffic loads for FR1. For FR2, we evaluated the performance gain by adapting BW from 100 MHz with 49 dBm to 80 MHz with 48 dBm by adapting to the traffic loads. 


Figure 4: Illustration of BWP adaptation scenario for evaluation
Table 5: Evaluation results of BWP adaptation
	NW energy saving scheme
	ESG
	UPT loss
	Scheduling latency
	Packet latency increase
	Evaluation methodology/baseline assumption
	Note


	BWP adaptation
(FR1)
	Cat 1 with deep sleep: 37.6 %
	7.84 %
	No increase
	8.5 %
	Baseline: 100MHz with 55 dBm
Reduced: 80 MHz with 54 dBm.
	Baseline traffic: 42.8 % RU
Reduced traffic: 28.47 % RU

	
	Cat 2 with micro sleep: 27.4 %
	
	
	
	
	

	
	Cat 1 with deep sleep: 52.2 %
	19.8%
	No increase
	24.7%
	Baseline: 100MHz with 55 dBm
Reduced: 80 MHz with 54 dBm.
	Baseline traffic: 7.5 % RU
Reduced traffic: 2.75 % RU

	
	Cat 2 with micro sleep: 17.6 %
	
	
	
	
	

	BWP adaptation
(FR2)
	Cat 1 with light sleep: 17.4 %
	28.24 %
	No increase
	39.4 %
	Baseline: 100MHz with 49 dBm
Reduced: 80 MHz with 48 dBm.
	Baseline traffic: 32.1 %
Reduced traffic: 25.7 %

	
	Cat 2 with micro sleep: 17.79 %
	
	
	
	
	


[bookmark: _GoBack]As analyzed in Table 5, BWP adaptation between full bandwidth and reduced narrow bandwidth achieves the ESG up to 52.2 % at FR2. By changing the traffic load, the BWP adaptation show 19.8 % UPT loss and packet latency 24.7 % at FR1. For FR2, BWP adaptation provides up to 17.79 % energy saving gain, and 28.24 % UPT loss and packet latency 39.4 %.
Observation 5: Adapting bandwidth achieves up to 52.2 % energy saving gain at FR1 and 17.79 % energy saving gain at FR2 in results.
Observation 6: Adapting bandwidth shows up to 19.8 % UPT loss and packet latency increase 24.7 % at FR1 and 28.24 % UPT loss and packet latency increase 39.4 % at FR2.
3.3 Potential techniques in spatial domain
In this section, adaptation of spatial elements (Technique #C-1) has been evaluated for network energy saving. In the evaluation result, the ESG of TxRU adaptation is calculated via the scaling method for active TxRU adaptation as described in section 2. The TxRU adaptation was evaluated between the case of 64 TxRUs from the reference configuration and the cases of reduced configuration of 32 TxRUs for the same traffic loads. The transmission powers were 55 dBm and 52 dBm for the 64 and 32 TxRU cases, respectively. For evaluating the ESG, the ESG of TxRU adaptation is calculated based on the resource utilization accounting both PDCCH and PDSCH transmissions over 160 ms duration.
Table 6: Evaluation results of TxRUs adaptation
	NW energy saving scheme
	ESG
	95-/50-/5-percentile UE’s
UPT loss
	Scheduling latency
	Packet latency
	Evaluation methodology/baseline assumption
	Note


	TxRUs adaptation
(FR1)
	46.77 %

	8.24 % / 12.97 % /
19.7 %
	No increase
	16.69 %
	Reference: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Reference traffic:
27.87 % RU
Reduced traffic:
32.28 % RU

	
	47.75 %
	8.69 % / 14.07 % /
22.23 %
	No increase
	16.84 %
	Reference: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Reference traffic:
14.21 % RU
Reduced traffic:
16.94 % RU

	
	49.41 %
	7.02 % / 19.19 % /
25.1 %
	No increase
	17.46 %
	Reference: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Reference traffic:
3.48 % RU
Reduced traffic:
4.05 % RU

	
	49.75 %
	7.69 % / 25.12 % /
28.57 %
	No increase
	16.66 %
	Reference: 64 TxRUs with 55 dBm
Reduced: 32 TxRUs with 52 dBm.
	Reference traffic:
1.29 % RU
Reduced traffic:
1.56 % RU


As analyzed in Table 6, TxRU adaptation between reference 64 TxRUs and reduced 32 TxRUs achieves ESG up to 49.75 % at FR1. The TxRU adaptation shows 19.7 % - 28.57 % UPT loss at 5-percentile and 12.97 % - 27.62 % at 50-percentile. Although there is no change in scheduling latency, packet latency increases up to 17.46 %. In addition, the 95-percentile UE observed between 7.02 % - 8.69 % UPT loss. Based on the 5-percentile UE’s UPT loss, we find that there was more UPT degradation for 5-percentile UE compared to 50-percentile UE. As a conclusion, we observe that TxRU adaptation results in some coverage loss.
Observation 7: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs achieves up to 49.75 % energy saving gain for FR1.
Observation 8: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs shows up to 28.57 % UPT loss and up to 17.46 % packet latency increase for FR1.
Observation 9: Adapting the number of TxRUs shows more UPT loss of 5-percentile UE than of 50-percentile UE. This can be interpreted as coverage loss.
3.4 Potential techniques in power domain 
In this section, adaptation of transmission power of signals and channels (‘Technique #D-1’) has been evaluated for network energy saving. In the evaluation result, the ESG of adaptation of transmission power are calculated by resource utilization for DL traffic and deep sleep mode for Cat 1 or micro sleep mode for Cat 2, and relative power and total transition time with the scaling model in section 2 over 160 ms duration, similar as BW adapdation in section 3.3. The UPT, packet latency and scheduling latency are evaluated by reducing PSD by changing traffic loads as illustrated in Figure 5.


Figure 5: Illustration of adaptation of transmission power scenario for evaluation
Table 7: Evaluation results of adaptation of transmission power
	NW energy saving scheme
	ESG
	UPT loss
	Scheduling latency
	Packet latency
	Evaluation methodology/baseline assumption
	Note


	Adaptation of transmission power (FR1)

	Cat 1 with deep sleep: 51.5 %
	10.4 %
	No increase
	24.7 %
	Baseline: 55 dBm
Reduced: 52 dBm.
	Reference traffic:
7.5 % RU
Reduced traffic:
4.4 % RU

	
	Cat 2 with micro sleep: 17.5 %
	
	
	
	
	


As analyzed in Table 7, adaptation of transmission power achieves the ESG up to 51.5 % with Cat 1 and 17.5 % with Cat 2. Under same traffic load, the BWP adaptation show 10.4 % UPT loss and packet latency 24.7 %.
Observation 10: Adapting transmission power achieves up to 51.5 % (Cat1) and 17.5 % (Cat2) energy saving gain at FR1.
Observation 11: Adapting transmission power shows up to 10.4 % UPT loss and packet latency increase 24.7 % at FR1.

4. Conclusions
This contribution discusses aspects related to power consumption modelling and evaluation methodology for evaluating NW energy saving techniques. Also, contribution suggest the evaluation results of NW energy saving techniques in time/freqeuency/spatial/power.  The proposals and observations made in this contribution are summarized as below:
Observation 1: Adapting the number of SSBs provides energy saving gain up to 17.8 % with Cat1 and up to 9.2% with Cat2 in FR1.
Observation 2: Adapting the number of SSBs provides energy saving gain up to 25.4 % with Cat1 and up to 18.9 % with Cat2 in FR2.
Observation 3: Under low traffic load and with short SSB-periodicity, adapting the number of SSBs provides better energy saving gain.
Observation 4: gNB wake-up triggered by UE can provide significant energy saving gain as well as latency reduction gain.
Observation 5: Adapting bandwidth achieves up to 52.2 % energy saving gain at FR1 and 21.9 % energy saving gain at FR2 in results.
Observation 6: Adapting bandwidth shows up to 19.8 % UPT loss and packet latency increase 24.7 % at FR1 and 28.24 % UPT loss and packet latency increase 39.4 % at FR2.
Observation 7: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs achieves up to 49.75 % energy saving gain for FR1.
Observation 8: Adapting the number of TxRUs from 64 TxRUs to 32 TxRUs shows up to 28.57 % UPT loss and up to 17.46 % packet latency increase for FR1.
Observation 9: Adapting the number of TxRUs shows more UPT loss of 5-percentile UE than of 50-percentile UE. This can be interpreted as coverage loss.
Observation 10: Adapting transmission power achieves up to 51.5 % (Cat1) and 17.5 % (Cat2) energy saving gain at FR1.
Observation 11: Adapting transmission power shows up to 10.4 % UPT loss and packet latency increase 24.7 % at FR1.
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Annex A: Agreements in RAN1#110bis-e
	Agreement
Confirm the previous Working Assumption with the following update
· For RAN1 evaluation purpose, for reference configuration set 1/2/3, the values are provided as below.  
· The transition time is confirmed without update.
· FFS: The time unit to be used when calculating the energy consumption
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1
	1
	1

	Light sleep
	25
	23 25
	20 25
	2.1
	2.6 2.1
	1.8 2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	240 200
	152
	32
	40 26
	8.4 17.6

	Active UL
	110
	90
	80
	6.5
	 5.8
	4.2


Agreement
For set 1/2/3, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350 1000
	22500 17000

	Light sleep
	90
	1088


Agreement
Capture in TR that,
· The BS power model defined in this study is a simplified model for the purposes of evaluations, considering single-RAT NR BSs only. This does not mean a BS cannot benefit from the identified techniques when serving multi-RAT. 
· Transition among power states, transition time, are implementation specific, and different BS types may support a different number of power states with different characteristics, i.e., power consumption values and required transition time.
Agreement
· All calculation of energy consumption should use the same time unit (companies to indicate which time unit they used)
Agreement
· The BS power consumption for active DL transmission is provided by

· : a static part of power for BS in active, which is not scaled based on reference configurations. 
· Baseline: 
· Optional: 
· : a dynamic part of power for BS in active, which is scaled based on reference configuration.
· Baseline: , where , , is the fraction of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively
· 
·  is the power part related to PA.
· For simplicity
· A = baseline: 0.4; optional: [0.1, 0.7]
· For 
· If one value of  is used for evaluation, = for any sf, sp
· If two values of  are used for evaluation,  = 0.76 if ; otherwise, 
· Companies to report the assumption used in evaluation. 
· The BS power consumption for active UL transmission is provided by

· : a static part of power for BS in active, which is not scaled based on reference configurations. 
· : a dynamic part of power for BS in active, which is scaled based on reference configuration and  is the percentage of active TRxRUs
· Baseline
· 
·  when no scaling is applied (i.e. scaling factor is 1)
· For multi-carrier: the total power consumption of BS is calculated as is the sum of the power consumption of each CC; 
· for intra-band multi-carrier with contiguous CCs, the power consumption of each additional CC is scaled by [0.7].
· For multi-TRP, the total power consumption of BS is assumed as is the sum of the power consumption of each TRP
· Company to report whether Pstatic is shared among TRPs (if shared, Pstatic is accounted once)
· Company to additionally report the assumption for antenna adaptation delay, e.g. immediate, with a transition time of [1-3] ms, etc.
· In time domain, 
· The power consumption in a slot is the sum of the power consumption associated with symbols in the slot. The symbol may correspond to uplink symbol, downlink symbol, or symbol without uplink and downlink.
· Company to report how the summation is performed along with evaluation results.
· Other values for the above scaling formula, and other scaling approaches can be optionally reported, including
· At least = 1 is supported. Additional one or two more values are FFS.
· PUL = P5 (0.8+ 0.2 sf) * (0.4+ 0.6*sa).
· Sf is the ratio of RF BW to the maximum system BW



Annex B: SLS assumptions
For FR1, the baseline SLS assumptions is provided as below.
Table B-1: Baseline SLS assumptions for FR1 Set 1 and Set 2
	
	Parameters

	
	Set 2
	Set 1

	Basic parameters
	Channel model
	3D-Uma as in TR 38.901 (low-loss O2I penetration model)
	 3D-Uma as in TR 38.901 (low-loss O2I penetration model)

	
	Percentage of high loss and low loss building type
	100% low loss
	100% low loss

	
	Device deployment
	80% indoor, 20% outdoor
	80% indoor, 20% outdoor

	
	Inter-site distance
	500m
	500m

	
	Network Topology
	7*3 Sector
	7*3 Sector

	
	Carrier Frequency
	2.1GHz
	4.0GHz

	
	Multiple access
	OFDMA
	OFDMA

	
	Duplexing
	FDD
	TDD

	
	Numerology
	15KHz,
14 OFDM symbol slot
	30kHz,
14 OFDM symbol slot

	
	Guard band ratio on simulation bandwidth
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)
	TDD: 2.08% (272 RB for 30kHz SCS and 100 MHz bandwidth)

	
	Simulation bandwidth
	Follow reference configuration, (equal split of 10 MHz for UL and DL)
	Follow reference configuration

	
	Frame structure
	/
	DDDSU (S slot is assumed as 10D:2G:2U)

	
	UT attachment
	Based on RSRP
	Based on RSRP

	
	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	
	Traffic model
	Medium traffic: FTP3 0.5Mbytes packet and 500ms mean inter-arrival time
Light traffic: FTP3 0.5Mbytes packet and 1 s mean inter-arrival time
Low traffic: FTP3 0.5Mbytes packet and 3 s mean inter-arrival time
Very low traffic: FTP3 0.5Mbytes packet and 6 s mean inter-arrival time
	Medium traffic: FTP3 0.5Mbytes packet and 500ms mean inter-arrival time
Light traffic: FTP3 0.5Mbytes packet and 1 s mean inter-arrival time
Low traffic: FTP3 0.5Mbytes packet and 3 s mean inter-arrival time
Very low traffic: FTP3 0.5Mbytes packet and 6 s mean inter-arrival time

	BS parameters
	BS antenna height
	25 m
	25 m

	
	BS noise figure
	5 dB
	5 dB

	
	BS antenna element gain
	8 dBi
	8 dBi

	
	Antenna configuration at TRxP
	For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ
	For 64T:
(M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8).
based on 38.802

	
	Total Tx power
	49dBm
	55dBm

	UE parameters
	UE power class
	23dBm
	23dBm

	
	UE noise figure
	9 dB
	9 dB

	
	UE antenna element gain
	0 dBi
	0 dBi

	
	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

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

	Transmission parameters
	Modulation
	Up to 256 QAM
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO
	SU-MIMO

	
	SU dimension
	For 4Rx: Up to 4 layers
	For 4Rx: Up to 4 layers

	
	DL CSI measurement
	Non-precoded CSI-RS  based
	Precoded CSI-RS based

	
	DL codebook
	Type I/II codebook
	non-PMI transmission

	
	SRS transmission
	N/A
	For UE 4 Tx ports: Non-precoded SRS

	
	CSI feedback
	Company to report the assumptions
	Company to report the assumptions

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF
	PF

	
	Receiver
	MMSE-IRC
	MMSE-IRC

	
	Channel estimation
	Non-ideal
	Non-ideal

	
	HARQ scheme
	Ideal
	Ideal

	
	Max HARQ retransmission
	3
	3

	
	Target BLER
	10% of first transmission
	10% of first transmission

	
	Power control parameters
	Open loop, P0=-80dBm, alpha=0.8
	Open loop, P0=-80dBm, alpha=0.8

	Common RS
	SSB period
	20ms
	20ms

	
	SS blocks per SSB burst
	Up to 4 
	Up to 8 

	
	SSB time resource
	4 symbols for each SSB
	4 symbols for each SSB

	
	SSB frequency resource
	20 RBs
	20 RBs



For FR2, the baseline SLS assumptions is provided as below.
Table B-2: Baseline SLS assumptions for FR2 Set 3
	BS type
	Micro
	UE BWP
	100 Mhz

	Network layout and inter-site distance
	21 cells Wraparound (ISD=200m)
	UE height
	1.5m

	Channel model
	UMi
	UE noise figure
	10 dB 

	Link direction
	Downlink
	UE antenna element gain
	5 dBi

	Frequency range
	30GHz 
	UE receiver
	MMSE-IRC

	Duplex 
	TDD
	UE deployment
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	Frame structure
	DDDSU (S slot is assumed as 10D:2G:2U) 
	Traffic model and C-DRx configuration
	Medium traffic: FTP3 0.5Mbytes packet and 500ms mean inter-arrival time
Light traffic: FTP3 0.5Mbytes packet and 1 s mean inter-arrival time
Low traffic: FTP3 0.5Mbytes packet and 3 s mean inter-arrival time
Very low traffic: FTP3 0.5Mbytes packet and 6 s mean inter-arrival time

	Subcarrier spacing
	120 kHz
	UE density/NW Load
	Follow previous RAN1 agreements

	Simulation bandwidth
	100 MHz
	Maximum supported Modulation and coding scheme
	Up to 256QAM

	Number of carriers
	1 CC
	Guard band ratio on simulation bandwidth
	7.8% (64 RB for 120kHz SCS and 100 MHz bandwidth) 

	Slot size
	14 OFDM symbols
	Channel estimation
	Ideal

	BS antenna configuration
	8 TxRU: 
Baseline:
[(M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;2,2); (dH, dV) = (0.5λ, 0.5λ) (dg,H, dg,V) = (4.0λ, 2.0λ)
	HARQ scheme
	Ideal

	Total Tx power 
	49 dBm, EIRP limited to 63 dBm (as agreed in ref. conf. set 3)
	Max HARQ retransmission
	3

	BS height
	10m
	Target BLER
	10% of first transmission

	BS noise figure
	7 dB
	Power control parameters
	Open loop, Alpha=1, P0=-106 dBm

	BS antenna element gain
	8 dBi
	Scheduling algorithm
	PF

	UE antenna configuration
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5λ, N/Aλ)
	Cell selection algorithm
	RSRP Slow Fading 

	UE max transmit power
	23 dBm 
	SS blocks per SSB burst
	Up to 64 


(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization.
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