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[bookmark: _Hlk66110521]The following agreements have been endorsed after RAN1#110:
	Agreement in RAN1#110
For non-sleep mode, the relative power value in power model table for UL reception and/or DL transmission is provided based on reference configuration.

Agreement in RAN1#110
For set 2 FR1 FDD TxRx reference configuration, confirm the WA as 32 in reference configuration.

Agreement in RAN1#110
The total DL power level is 49 dBm for set 2 FR1 FDD reference configuration.

Agreement in RAN1#110
For the purpose of evaluation, adopt the following as BS power consumption model. These entries for this table is per reference configuration set.
· FFS: One or multiple values for relative power and transition time.
	Power state
	Characteristic
	Relative Power
	Additional transition energy3
	Total transition time

	Deep sleep1
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	P1=1
	E1
	T1 

	Light sleep
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state.
(P2>P1)
	P2
	E2
	T2 

	Micro sleep
	There is neither DL transmission nor UL reception.
Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
	P3
	0
	0

	Active DL
	There is only DL transmission.
	P4
	NA
	NA

	Active UL
	There is only UL reception.
FFS: Whether multiple P5 values are needed to address low power UL mode
	P5
	NA
	NA

	Note 1: Depending on implementations, there could be a state that the power is lower than deep sleep and requires larger total transition time, e.g. hibernating sleep or Quasi-off, which is not explicitly modeled in this study for evaluation purpose. 
Note 3: Unit in relative power times duration. FFS: Details on how transition energy is defined. 


· For simultaneous DL and UL transmission for FDD, the power for UL reception is neglected in this study. 
· FFS: Optionally, a state machine where BS may transit between sleep modes without entering non-sleep mode can be considered. Companies are to report the involved sleep modes and the assumptions for inter-sleep mode transition time used in their evaluations.
· FFS: Details on how to use the above table for low power uplink reception (e.g. for WUS).
 
Working Assumption in RAN1#110
For reference configuration set 1, the values are provided as below. FFS set2 and set 3.
	Power state
	Relative Power P
	 
	Total transition time T
	 

	Deep sleep
	1
	1
	Cat 1:
 
50ms 
	Cat 2: 
 
10s

	Light sleep
	Cat 1: 25
 
	Cat 2: 2.1
 
	Cat 1: 6 ms
 
	Cat 2: 640 ms

	Micro sleep
	Cat1: 55
	Cat 2: 5.5
	0
	0

	Active DL
	Cat 1: 280
	Cat 2: 32
	N.A.
	N.A.

	Active UL
	Cat 1: 110
	Cat 2: 6.5
	N.A.
	N.A.


 
Agreement in RAN1#110
For evaluation purpose, 
· a load (L) of a cell is a percentage of resources used for UE specific PDSCH / PUSCH
· The following load scenarios are considered
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L ≤15

	Light load
	· Include cell-specific signals and channels, and
· 0 < L ≤ [30]

	Medium load
	· Include cell-specific signals and channels, and
· [30] < L ≤ [50]

	For CA, the companies report whether the load is defined per CC or across all CCs.
	 


 
Agreement in RAN1#110
· For FR1, urban micro can be optionally considered.
· For FR2, urban micro is prioritized, with ISD=200 m is assumed. 

Agreement in RAN1#110
It is up to company report which traffic model is used among the agreed three traffic models in their evaluations.
· Other models may be used as well. Parameter (e.g. packet size and arrival rate) adjustment can be optionally considered and reported.

Agreement in RAN1#110
For set 3 FR2 reference configuration, the total DL power level and EIRP limit is set as 33 dBm and 63 dBm respectively. Note EIRP limit is also scaled with the number of TxRU.

Agreement in RAN1#110
For evaluation purpose, network energy saving gain is computed based on the energy consumptions for a technique and the baseline over the same duration.

Agreement in RAN1#110
For initial evaluations, there is always a non-sleep mode assumed between adjacent sleep modes. 
 
Agreement in RAN1#110
Companies to report the assumption details for the reception of a low-power UL channel/signal, if used, including power states, additional transition energy, and transition times, receiver details (e.g. architecture and receiver sensitivity), and other impact/change on the power consumption model.
 
Agreement in RAN1#110
Update the RAN1 agreements with the following changes
In the evaluation,
· a load (L)%of a cell is a percentage of resources used for UE specific PDSCH/PUSCH.
· The following load scenarios are considered.
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L ≤ 15

	Light load
	· Include cell-specific signals and channels, and
· 150 < L ≤ 30

	Medium load
	· Include cell-specific signals and channels, and
· 30 < L ≤ 50

	For CA, the companies report whether the load is defined per CC or across all CCs.
	 



Agreement in RAN1#110
· During the transition time period, relative power of sleep mode  is assumed to be consumed. Additional transition energy and total transition time also include energy and time for both ramping down and ramping up 

Agreement in RAN1#110
· The total transition time for set 2 and set 3 is the same as that for set 1.
· Companies are encouraged to check the input and values provided in section 2.1.4.2 of R1-2208312 for further determination.

Conclusion
· Companies are encouraged to check discussion in section 2.2.2 of R1-2208312 for scaling discussion in the next meeting.

Agreement in RAN1#110
· 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).

Agreement in RAN1#110
It is up to company report the use of UE C-DRX.
· the baseline configuration (for alignment/calibration) for C-DRX, if reported, can be as below; 
· Other inactivity timer values can be optionally reported
	Traffic type
	FTP 
	IM
	VoIP

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

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX Period
	160 ms
	320 ms 
	40 ms

	DRX Inactivity timer
	100 ms
	80 ms
	10 ms

	On duration
	FR1: 8 ms
FR2: 4 ms
	FR1: 10 ms
FR2: 5 ms
	FR1: 4 ms
FR2: 2 ms



Agreement in RAN1#110
· For FR1, adopt the Reference SLS configurations in Annex-A in R1-2208312 as baseline SLS assumptions.
· Other carrier frequencies can be optionally considered.
· FFS For FR2 adopt the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524 for IMT-2020 with the following clarification/update as initial SLS assumption.
· BS antenna configurations
· 2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
· (dH, dV) = (0.5, 0.8) (dg,H, dg,V) = (4.0, 3.6)
· Traffic model & UE density
· Follow previous agreements with adjusted UE density
· Total transmit power per TRxP
· Value scaled from that in set 3 reference configuration considering BW 
· Further adjustment/clarification can be discussed in the next meeting.



To accomplish the evaluation methodology, this contribution investigates the following remaining issues:
· Remaining Details on BS Power Consumption Values
· BS Power Consumption Scaling
· Remaining simulation assumption (SSB and SIB1 configurations)


1 Remaining Details on BS Power Consumption Values
Additional transition energy for sleep modes
According to FL summary [1], the additional transition energy  represents the energy that BS enters from non-sleep mode to a sleep mode  and BS leaves the same sleep mode to non-sleep mode. For evaluation purpose, it is calculated as
, 
where  is the difference of the relative power between sleep mode  and micro sleep, and   is the corresponding total transition time of sleep mode , which is a two-way time, assuming no inter-sleep state transition.
For set 1, the additional energy (unit in relative power*(duration in ms)) is given by
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



With the proposed transition energy values, it should be reasonable to check that, at the sleep time threshold for a deeper sleep state, choosing the deeper sleep state can achieve lower power consumption with the additional transition energy values. 
However, if we jointly check the proposed sleep values for Set 2 and Set 3, there is inconsistency for 
Category 2 BS with Set 32 values:
	Category 1 BS (Set 1; 30kHz SCS)
	Category 2 BS (Set 1; 30kHz SCS)
	Category 2 BS (Set 32; 15kHz SCS)

	Micro sleep for 6ms 
= 55*6*2 = 660 
Light sleep for 6ms 
= 25*6*2 + 90 = 390 < 660
	Micro sleep for 640ms 
= 5.5*640*2 = 7040 
Light sleep for 640ms 
= 2.1*640*2 + 1088 = 3776 < 7040
	Micro sleep for 640ms 
= 35*640*2 = 3840 = 3200 
Light sleep for 640ms 
= 1.82.6*640*2 + 1088 = 3392 < 38402752 < 3200

	Light sleep for 50ms 
= 25*50*2+90 = 2590
Deep sleep for 50ms 
= 1*50+1350 = 1450 < 2590
	Light sleep for 10s 
= 2.1*10000*2 + 1088 = 43088
Deep sleep for 10s 
= 1*10000*2+22500 = 42500 < 43088
	Light sleep for 10s 
= 1.82.6*10000*2 + 1088 = 3708827088
Deep sleep for 10s 
= 1*10000*2+22500 = 4250032500 > 37088
(1*10000*2+17000 = 37000 < 3708827000 < 27088)



To ensure consistency across Sets 1, 2 and 3, we suggest reducing the transmission energy  for deep sleep of Category 2 BS from 22500 to 17000, which ensures deep sleep, whenever selected according the sleep time threshold, achieves lower power consuming than light sleep. Accordingly, the following proposal is suggested:
[bookmark: _Ref115494920]
Proposal 1: Endorse the following table of transition energy values for deep and light sleeps
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500 17000

	Light sleep
	90
	1088




Power consumption values for reference configuration Set 2 and Set 3
If proposal 1 can be agreed, there is no issue with the power value table suggested in FL summary [1] for Set 2 and Set 3. In this regard, we also have the following proposal:
[bookmark: _Ref115494953]
Proposal 2: If the update in Proposal 1 is agreed, endorse the following table for Set 2 and Set 3:
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 2
	Set 3
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1

	Light sleep
	23
	20
	2.6
	1.8

	Micro sleep
	50
	38
	5
	3

	Active DL
	240
	152
	40 
	8.4

	Active UL
	90
	80
	 5.8
	4.2




[bookmark: _Hlk115494789]BS Power Consumption Scaling
BS power consumption scaling is critical component of the evaluation methodology for characterizing network energy saving techniques. We will discuss the remaining issues of the scaling model from different aspects in each of the following subsections.
DL scaling model
From the FL summary [1], there are two possible models:
· Revised Alt 1-update: 
· 
· 
· TBD values of , ,  and 
· Revised Alt 3:
· 
·  and  are relative power values of micro sleep and active DL transmission, respectively
· Companies report how to model .
· Note: modelling  as a single value for all different power and frequency resource allocation values is not realistic
· Where 
·  is the resource usage ratio in frequency domain
·  is ratio of simulated DL power level per TxRU between the DL transmission and reference configuration
·  is percentage of active TxRUs with respect to the reference configuration

Comparing the two models, it looks common in the form . In Revise Alt 3, , i.e., the micro sleep power, which is also one proposed  value for Revised Alt 1-update. To merge the two models as much as possible, the following is there for suggested:
[bookmark: _Ref115495020]
Proposal 3: For BS DL power consumption,  with , i.e., the micro sleep power.
For  , there exhibits common principle in the two candidate models that the power is linearly scaled w.r.t. . For the scaling related to  and  , there is also common understanding that the power consumption scaling is NOT linearly scaled w.r.t.  and . Since Revise Alt 3 leaves this part of model for companies’ reports, this somehow poses difficulty for RAN1 to proceed further evaluation on NW ES techniques. In this regard, utilizing the proposal in Revised Alt 1-update as the baseline model to move forward would be a reasonable approach.
[bookmark: _Ref115495027]
Proposal 4: For  in Proposal 3, 
· It is linearly scaled w.r.t.  (percentage of active TxRUs with respect to the reference configuration)
· For the scaling w.r.t.  and , adopt  as the baseline model, where 
·  is the resource usage ratio in frequency domain
·  is ratio of simulated DL power level per TxRU between the DL transmission and reference configuration
·  is a constant; FFS whether/how to use a non-linear function to represent .
For the value of  , we have the preference that the scaling can lead to  Active DL Power when = 1 while  = 0, as suggested in Section 2.4 of [2]. For the value of , it is a placeholder value and setting to a candidate value from companies’ inputs as working assumption should be acceptable. Finally,  can be chosen so that  Active DL power when . Accordingly, the following proposal is suggested: 
[bookmark: _Ref115495049] 
Proposal 5: For the scaling w.r.t.  and  in Proposal 4, 
·  is chosen so that  Active DL power when = 1 while  = 0
· Accordingly, the following values are utilized for different BS categories and Set 1/2/3
	Value of 

	Category 1 BS
	Category 2 BS

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

	57
	46
	22.8
	7.3
	11
	0.36


· 
·  is chosen so that  Active DL power when 
· Accordingly, the following values are utilized for different BS categories and Set 1/2/3
	Value of 

	Category 1 BS
	Category 2 BS

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

	84
	72
	45.6
	9.6
	12
	2.52




UL Scaling model
For UL power consumption, it is related to BS receiver processing. Given this portion of power consumption is much smaller than DL transmission power consumption, a simple model is preferable for companies’ evaluations. In this regard, the proposal in Revised Alt 1-update is recommended:
[bookmark: _Ref115495074]
Proposal 6: The BS power consumption for active UL is provided by
· 
· , i.e., the micro sleep power
·  is chosen so that  Active UL power when 
· Accordingly, the following values are utilized for different BS categories and Set 1/2/3
	Value of 

	Category 1 BS
	Category 2 BS

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

	55
	40
	42
	1
	0.8
	1.2




Time domain scaling 
For the time-domain scaling, there is need to extend existing formula for special slot with DL, gap, and UL. Assuming  for DL and UL both equal to the micro sleep power, the following proposal is suggested:
[bookmark: _Ref115495105]
Proposal 7: BS power consumption for a slot is modeled as: 

where  and  represents the ratios of the number of active DL and UL symbols to the number of total symbols in a slot, respectively.

[bookmark: _Hlk115491989]Scaling for PA-related transceiver processing enhancements
The purpose of power consumption scaling model is to characterize network energy saving techniques. With Proposals 3 – 7, it is ready for companies to evaluate NW ES techniques in frequency, spatial, power/PSD and time domains. However, it is not clear how to model the power consumption difference with PA-related transceiver processing enhancements. If RAN1 doesn’t have sufficient RF knowledge, resorting to RAN4 for providing suggested power consumption scaling for the PA-related enhancements can be a practical way forward to resolve the issue. 
[bookmark: _Ref115495118]
Proposal 8: If agreed, send a LS to request RAN4 for providing suggested power consumption scaling for PA-related transceiver processing enhancements.


Remaining Details on Simulation Assumptions
According to FL summary [1], SIB1 setting remains to be specified. In recent RedCap study that evaluated SIB1 performance impact, the following SIB1 setting is considered as reference [3]. Given SIB1 TBS of 1256 bits, 48 RBs can be reasonably assumed for performance reason. Since SIB1 is also associated with SSB and transmitted along the SSB beams, a burst of SIB1 of 8 slots can be modelled, corresponding to the assumption of 8 SSBs in a SS burst. On the other, since transmission of a SIB1 burst is quite resource consuming (due to >2x RBs and 2x slots compared with a SS burst), it would be reasonable to assume longer periodicity, e.g., 80 ms, compared with that of a SS burst. 

	Parameters
	Values

	PRBs/TBS/MCS
	TBS is 1256 bits. SIB1 bandwidth is larger than 5MHz, e.g. 48PRBs. Companies to report the used number of PRBs, corresponding MCS, and whether interleaving mapping is assumed. 



By the above discussion, the following assumptions for SSB and SIB1 are suggested:
[bookmark: _Ref115495129]Proposal 9: Assume the following configuration for BS transmission of SSB and SIB1 at least for FR1 macro scenario:
· 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 
Conclusion
In this contribution, we have the following proposals:

Proposal 1: Endorse the following table of transition energy values for deep and light sleeps

	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500 17000

	Light sleep
	90
	1088




Proposal 2: If the update in Proposal 1 is agreed, endorse the following table for Set 2 and Set 3:

	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 2
	Set 3
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1

	Light sleep
	23
	20
	2.6
	1.8

	Micro sleep
	50
	38
	5
	3

	Active DL
	240
	152
	40 
	8.4

	Active UL
	90
	80
	 5.8
	4.2




Proposal 3: For BS DL power consumption,  with , i.e., the micro sleep power.


Proposal 4: For  in Proposal 3,
· It is linearly scaled w.r.t.  (percentage of active TxRUs with respect to the reference configuration)
· For the scaling w.r.t.  and , adopt  as the baseline model, where 
·  is the resource usage ratio in frequency domain
·  is ratio of simulated DL power level per TxRU between the DL transmission and reference configuration
·  is a constant; FFS whether/how to use a non-linear function to represent .


Proposal 5: For the scaling w.r.t.  and  in Proposal 4,
·  is chosen so that  Active DL power when = 1 while  = 0
· Accordingly, the following values are utilized for different BS categories and Set 1/2/3
	Value of 

	Category 1 BS
	Category 2 BS

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

	57
	46
	22.8
	7.3
	11
	0.36


· 
·  is chosen so that  Active DL power when 
· Accordingly, the following values are utilized for different BS categories and Set 1/2/3
	Value of 

	Category 1 BS
	Category 2 BS

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

	84
	72
	45.6
	9.6
	12
	2.52




Proposal 6: The BS power consumption for active UL is provided by
· 
· , i.e., the micro sleep power
·  is chosen so that  Active UL power when 
· Accordingly, the following values are utilized for different BS categories and Set 1/2/3
	Value of 

	Category 1 BS
	Category 2 BS

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

	55
	40
	42
	1
	0.8
	1.2




Proposal 7: BS power consumption for a slot is modeled as:

where  and  represents the ratios of the number of active DL and UL symbols to the number of total symbols in a slot, respectively.


Proposal 8: If agreed, send a LS to request RAN4 for providing suggested power consumption scaling for PA-related transceiver processing enhancements.


Proposal 9: Assume the following configuration for BS transmission of SSB and SIB1 at least for FR1 macro scenario:
· 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 
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