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Introduction
In RAN#94, it was agreed to start a Rel 18 SI on network energy savings (latest WID in [7]), with the following objectives. 
1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.
2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how. 
3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded
The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed.

In this contribution, we provide inputs for objectives 1 and 2, i.e., modelling of gNB energy consumption, evaluation methodology and KPIs. 

Discussion 
Remaining issue of gNB power model

In this section, remaining issues of gNB power model are discussed following the last two meetings agreements.

Remaining issues of power model structure

In RAN1#110, agreements were made regarding the reference configurations as well as energy consumption modelling. 

[bookmark: _Toc61364570][bookmark: _Toc61364582]In RAN1#110, two categories (Cat 1 and Cat 2) were agreed as working assumption for energy consumption modelling based on different implementations. Furthermore, the energy consumption values as well as transition times were agreed as working assumption for each category for FR1 TDD. We think the categorisation as well as power values and transition times are reasonable and should be agreed for FR1 TDD. 

[bookmark: _Toc115445755]For FR1 TDD (reference configuration set 1), confirm the working assumption from RAN1#110 regarding the power values and transition times.


Then it remains to determine the corresponding values for FR1 FDD and FR2. The agreement from email discussion is as follows. 

Agreement
· 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.

There is a proposed WA from last meeting’s email discussion is as follows. 

Proposed working assumption 2.1.4.2-1
· FFS: The relative power values for reference configuration set 2 and set 3 is 
	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



When it comes to Set 2, i.e., FR1 FDD, we should note that first, the BW is reduced from 100 to 20MHz, and furthermore the number of antennas are half of FR1 TDD, and on top of that the maximum transmit power is 6dB less than the one of FR1 TDD. 

Based on our model for scaling as well as estimates, the values proposed as WA for Set 2 are largely reasonable except active DL of 240 which is extremely high. Considering antenna scaling alone, the value of active DL should be maximum 280x0.7=196, and furthermore, with reduced BW and maximum power, a value around 160 is more reasonable.

Regarding Set3, the considered relative values in proposed WA for active DL, UL and micro sleep (152/80/38) are particularly much higher in our view. 

We should note that the maximum transmit power in this case is 33dBm which is much lower than FR1 counterparts and considering micro BSs that have energy consumption much lower than typical FR1 macro ones. That means the PA contribution, in this case is much lower, and it is mostly the phase shifters which when they are turned off, gNB can go to micro sleep. As such, in addition to the relative value of states, the relative value of active DL to micro sleep should also be lower than that for the FR1 scenario. 

[bookmark: _Toc102118594][bookmark: _Toc102126790][bookmark: _Toc102118595][bookmark: _Toc102126791][bookmark: _Toc102127192][bookmark: _Toc102127225][bookmark: _Toc102126963][bookmark: _Toc102127193][bookmark: _Toc102127226][bookmark: _Toc102037851][bookmark: _Toc102037919]Based on the discussions above, Table 1 shows the power states and power levels that can be used for gNB power model for Cat1 different sets.  

Table 1.For Cat 1: Power level of different states at gNB (FR1 TDD WA shown for completeness).
	Operation/state
	Power level, relative units (FR1 TDD)
	Power level, relative units (FR1 FDD)
	Power level, relative units (FR2 TDD)

	Active DL
	 280
	[160]
	 [70]

	Active UL
	110
	[90]
	[40] 

	“Micro”-sleep
	55 
	[50]
	[20] 

	“Light”-sleep
	25
	[23] 
	[15] 

	“Deep”-sleep
	1 
	1 
	1 




[bookmark: _Toc115445756]For Cat 1, FR1 FDD and FR2 TDD (reference configurations set 2 and set 3), Table 1 shows the power values for each state.

Next, energy for state transition is discussed. Following was agreed in last meeting email discussion. 

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

In the last meeting, the following proposal was mentioned as the numbers for additional transition energy for different categories and Set1.

Proposal 2.1.3.2-1-rev1: 
· 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 spent in two-way (ramping down and up) during the transition period is considered.
·  (Working Assumption) for set 1, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



As in the other cases, we comment on Cat1 but similar reasonings apply to Cat2. Additional transition energy and total transition time also include energy and time for both ramping down and ramping up. As such, the additional transition energy from active state to sleep mode (SM) k and vice versa can be calculated using  where  is the power level and the transition time of ith sleep mode, respectively [3]. This is based on stepwise model (active-to-light and light-to-deep sleep) to calculate the energy for transition rather than direct linear interpolation between micro-sleep and deep sleep, for example. Of course, this does not imply that the gNB must transition in stepwise fashion (active-to-light and light-to-deep sleep) when going to deep sleep.

A value of additional transition of 1350 is extremely high to go from deep sleep to active time. If the gNB would have just stayed for 50ms in light sleep instead of going to deep sleep, then the gNB would have consumed 50x25+90=1340 which is lower than the proposed transition energy of 1350. Then there may be no need to go to deep sleep as stay in light sleep consumes less energy. 

Instead, a reasonable calculation should reflect gNB in deep sleep for 44ms, and 6ms of light sleep and additional transition energy in between micro-to-light and light-to-deep. Therefore, we have 44x1+6x25+90+44x24/2=812. Thus, if gNB has more than 50ms inactivity time, it would decide to go to deep sleep. Figure 1 depicts an example of how to calculate the additional transition energy considering ramp down and up.

[image: ]
[bookmark: _Ref115350106]Figure 1 Example of additional transition energy calculation for active to deep sleep for FR1 TDD.

Based on this discussion, Table below summarizes our proposed values for transition time between different sleep states for Cat1, 
[bookmark: _Toc102126796][bookmark: _Toc102127027][bookmark: _Toc115282118]
Table 2. For Cat1: Energy and transition time from active to different sleep mode and vice versa.
	Transitions
 
	 
Additional transition energy (Relative power x ms)
 
	Transition time (ms)
(incl. ramp down/up)
shown for completeness 

	
	FR1-TDD
Set 1
	FR1-FDD
Set 2
	FR2
Set 3
	

	Active ó microsleep
	0
	0
	0
	0

	Active ó light-sleep
	[90]
	[80]
	[15]
	6

	Active ó deep-sleep
	[810]
	[760]
	[330]
	50



[bookmark: _Toc115445757]For Cat 1, the additional transition energy for each state and reference configuration is depicted in Table 2.


Power model scaling 

Below conclusion was made in the email discussion regarding scaling. 

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


Scaling should be defined for gNB power model based on transmission and reception BW, PSD, carrier aggregation, and the number of antenna RUs. This is shown in Table 3. 

In case of antenna scaling, the scaling can be performed at the fast scale, i.e., micro sleep level, or at a slower scale of few ms. In low and medium traffic levels, which are focus in this SI, slow scaling provides more power saving gain. Slow scaling means more RF components than just PAs are shut down, and thus it also impacts the level of micro sleep, while fast scaling means components which can be turned off at micro sleep level, i.e., mostly PAs are turned off. The transition time for slow scaling is in the order of [1-3] ms. The expression for this is provided in Table 3. 
 

[bookmark: _Ref102125433]Table 3. Scaling for gNB power model.
	Factor for scaling
	Proposal
	Comments

	DL Tx Bandwidth (FR1 TDD)
	Scaling of X MHz = [0.4] + [0.6] * X /100

	relative to active transmission (100%PRB).

if fraction of power (fp) is used instead of full power, X (in scaling) is replaced by  X * fp



	UL Reception Bandwidth
(FR1 TDD)
	Scaling of X MHz =  [0.8] + [0.2] * X /100

	relative to active reception (100%PRB).

	CA with RF sharing
	[1.7]*0.5*n
	n=2,4,8 (number of CCs)

	CA without RF sharing
	n
	n=2,4,8 (number of CCs)

	[bookmark: OLE_LINK1]Number of antennas RUs 
(at least for FR1)
	[0.4] + [0.6]*(x/64) where x is either 64, 32, 16 that represents the number of antennas RUs
	Antenna RUs are reduced for both UL and DL. 

Antenna RUs adaptation impacts active transmission/reception and micro sleep.

Transition time [1-3] ms




Considering last meeting discussions and the fact that majority of companies are interested in joint scaling, our scaling proposal (i.e., corresponding to Table 3 above) can be summarized as P4 * ( [0.4] + [0.6] * sf*sp) * ([0.4] + [0.6]*sa) for the downlink of Set 1. 

With respect to discussion and proposals in previous meeting (and the FL proposal in email discussion), analysis shows that scaling with respect to at least the resource usage at least for RU >=20%, and for transmit power are somewhat better aligned between different proponents when compared to antenna scaling. The antenna scaling is quite different among companies. Furthermore, for Alt3, it seems there is no change in NW power consumption when the transmit power changes, which seems a bit unclear to us.

Antenna scaling impact on power consumption to some extent also depends on the network load. Considering that this SI is focused on low to medium load scenarios, in our opinion the reduction of power consumption by 30% when going from 64 antennas to 32 with 1ms-3ms transition time is more reasonable. Higher reductions are possible when the network load is higher or longer transition times are considered but this comes at the cost of UPT loss. 

Based on the analysis above and scaling model, we have a preference towards Alt1, nevertheless, the formula needs to be adjusted slightly to reflect a more correct mode, i.e., the dynamic part should be  and thus accordingly our suggested number for each part is as follows. 

Translating our simple expression, the power for Set 1, Cat 1, downlink can be  , where , with the details as follows. ,  , . Note that the Pdynamic has revised definition from the potential FL proposal in last meeting.


[bookmark: _Toc115445758]The gNB power model should consider the scaling of relative power levels at least for active transmission/reception and at least for BW, CA, and antenna RUs, and the maximum output power. 
[bookmark: _Toc115445759]For Set 1, downlink Cat 1, downlink active power P = P4 * ( [0.4] + [0.6] * sf*sp) * ([0.4] + [0.6]*sa), where , , is the percentage 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
[bookmark: _Toc115445760][Alternate proposal to Proposal 5 ] For Set 1, downlink Cat 1, downlink active power  with the dynamic power defined as , 
a. 
b. 
c. 
d. , , is the percentage 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.
e. [bookmark: _Toc115445765] is the PA efficiency 

[bookmark: _Toc115445766]Antenna adaptation delay is explicitly modeled with a transition time of [1-3] ms. 

For uplink scaling, the same approach as mentioned in the table can be used. 

[bookmark: _Hlk115446595]For Set 1, uplink Cat 1, uplink active power P = P5 * ( [0.8] + [0.2] * sf) * ([0.4] + [0.6]*sa), where , , is the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW, respectively


Energy consumption for NR channels/signals 

Next, we discuss how total energy can be calculated for NR channels/signals considering the following agreement which was made in RAN1#109-e.

Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.

The model in previous section together with scaling can be used at the symbol level. Therefore, in a very simple way irrespective of the signal, or channel, a formula can be used to determine the total power consumption in a transmitted symbol. 

When it comes to slot level, we can also easily extend the provided model, i.e., in a simple way, if all the symbols in the slot are used for transmission/reception, then we can use the above formulas and scaling. However, if some symbols are not used for transmission or reception, then depending on the available time to sleep, the appropriate sleep mode (typically microsleep if only symbol level duration) becomes applicable. 

Below is an example to calculate energy for one slot with only one SSB transmission.
 
· 4 symbols with active DL Tx with 20 PRBs occupied per symbol 
· 10 symbols in microsleep
· Total energy per slot is given by (4 * 145+ 10 * 55). 

Similar examples can be applied to other types of signals and channels. A gNB can transmit multiple signals/channels in the same slot, therefore, in our opinion a methodic example as in this section suits better for network energy consumption evaluations than per slot/channel definitions. For example, a BS may decide to transmit SSB and PDSCH in the same slot or transmits PDCCH to multiple UEs in the same slot. While slot level modelling is possible and agreed in the last meeting, however, in turn it also means in each slot, the NW transmits a specific signal/channel, which leads to a waste of energy at the NW. A good design of scheduler at the NW side would naturally try to fill up all the available PRBs within a slot, so it can achieve a higher sleep time. Companies should be allowed to use the above symbol level approach, as this is the more accurate and reasonable design. This is somewhat reflected in the FL proposal related to scaling in the previous section (In time domain, If an explicit symbol level model is provided, scaling is not applied).

[bookmark: _Toc115445767]The energy consumption for a slot is determined by summing up the calculated power level for each symbol in the slot to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in the slot. 

Evaluation methodology

In this section, the remaining issues regarding evaluation methodology and particularly SLS assumptions are discussed.


Below is agreed in the last meeting. 

Agreement
· 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) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)
· 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.

The SLS assumptions agreed in the last meeting are fine for FR1 and additional parameters should be left to companies to report. Nevertheless, there are lots of discrepancies between the model proposed in Table2 of RP-180524 for IMT-2020 and the agreements made for FR2 in the last meetings. For example, the model in Table 2 of RP-180524 for IMT-2020 is based on Urban Macro while for FR2, Urban Micro is prioritized in this SI. The total transmit power needs to be adjusted, antenna height might not be relevant for Urban Micro, or TXRX RU configuration. In our view, for FR2, the model provided in Table A2.1-1 of TR 38.802 can be used.

[bookmark: _Toc115445768]For FR2, Table A2.1-1 of TR 38.802 can be used as the baseline for system level simulation assumptions. Other assumptions are not precluded.

Regarding SIB1 transmissions, there were some discussions in last RAN1 meeting. RAN2 also discussed the SIB1 issue in RAN2#119-e meeting and concluded the following.
SI
SIB1 transmission period
R2-2207547	SIB1 transmission period	Nokia, Nokia Shanghai Bell	CR	Rel-15	38.331	15.18.0	3277	-	F	TEI15
R2-2207548	SIB1 transmission period	Nokia, Nokia Shanghai Bell	CR	Rel-16	38.331	16.9.0	3278	-	A	TEI15
R2-2207549	SIB1 transmission period	Nokia, Nokia Shanghai Bell	CR	Rel-17	38.331	17.1.0	3279	-	A	TEI15
[010] 3 CRs above are not pursued
[010] From RAN2 perspective, UE assumes the SIB1 monitoring period is 20 ms for SSB and CORESET multiplexing pattern 1 (no spec change is required)



As also confirmed by RAN2 conclusion, the 20 ms SIB1 monitoring period is really for the UE and from NW point of view, it is not necessary to transmit SIB1 every 20 ms. NW can transmit SIB1 with variable transmission repetition periodicity within 160 ms.
Conclusion
In previous sections, the following observations and proposals were made: 

Proposal 1	For FR1 TDD (reference configuration set 1), confirm the working assumption from RAN1#110 regarding the power values and transition times.
Proposal 2	For Cat 1, FR1 FDD and FR2 TDD (reference configurations set 2 and set 3), Table 1 shows the power values for each state.
	Operation/state
	Power level, relative units (FR1 FDD)
	Power level, relative units (FR2 TDD)

	Active DL
	[160]
	 [70]

	Active UL
	[90]
	[40] 

	“Micro”-sleep
	[50]
	[20] 

	“Light”-sleep
	[23] 
	[15] 

	“Deep”-sleep
	1 
	1 



Proposal 3	For Cat 1, the additional transition energy for each state and reference configuration is depicted in Table 2.
	Transitions
 
	 
Additional transition energy (Relative power x ms)
 

	
	FR1-TDD
Set 1
	FR1-FDD
Set 2
	FR2
Set 3

	Active ó microsleep
	0
	0
	0

	Active ó light-sleep
	[90]
	[80]
	[15]

	Active ó deep-sleep
	[810]
	[760]
	[330]



Proposal 4	The gNB power model should consider the scaling of relative power levels at least for active transmission/reception and at least for BW, CA, and antenna RUs, and the maximum output power.
Proposal 5	For Set 1, downlink Cat 1, downlink active power P = P4 * ( [0.4] + [0.6] * sf*sp) * ([0.4] + [0.6]*sa), where , , is the percentage 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
Proposal 6	[Alternate proposal to Proposal 5 ] For Set 1, downlink Cat 1, downlink active power  with the dynamic power defined as  ,
f. 
g. 
h. 
i. , , is the percentage 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.
j.  is the PA efficiency 
Proposal 7	Antenna adaptation delay is explicitly modeled with a transition time of [1-3] ms.
Proposal 8	For Set 1, uplink Cat 1, uplink active power P = P5 * ( [0.8] + [0.2] * sf) * ([0.4] + [0.6]*sa), where , , is the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW, respectively

Proposal 9	The energy consumption for a slot is determined by summing up the calculated power level for each symbol in the slot to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in the slot.
Proposal 10	For FR2, Table A2.1-1 of TR 38.802 can be used as the baseline for system level simulation assumptions. Other assumptions are not precluded.
 References
[bookmark: _Ref100840818]RP-220297, 3GPP TSG RAN Meeting #95e, Electronic Meeting, March 17-23, 2022; Revised SI: Study on network energy savings for NR, Huawei
RAN1 Chair’s Notes, 3GPP TSG RAN WG1 #110, Toulouse, France, August 22nd – 26th, 2022
R1-2208185, FL summary for Post-110-R18- NW_ES2, 3GPP TSG RAN WG1 #110, Toulouse, France, August 22nd – 26th, 2022



List of agreements from RAN1#109-e and RAN1#110

 Agreement
For evaluation purpose, the energy consumption modeling for a BS includes at least the following:
· Reference configuration
· FFS other details
· Note FR1 and FR2 to be separately considered for detailed parameters
· Multiple power state(s) including sleep/non-sleep mode(s) with relative power, and associated transition time/energy
· Scaling method to be applied at least for non-sleep mode.
· FFS other details including scaling for sleep mode


Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.

Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD

Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.

Agreement
For evaluation, the scaling in a BS energy consumption model can be considered based on one or more of the following,
· Number of used physical antenna elements, or TX/RX RUs
· FFS: Mapping between used TX/RX RUs and used antenna ports
· FFS: Mapping between physical antenna elements and TX/RX RUs
· Occupied BW/RBs for DL and/or UL in a slot/symbol in one CC
· number of CCs in CA
· FFS dependency of RF sharing 
· number of TRPs
· PSD or transmit power 
· FFS dependency on BW scaling
· FFS: PA energy efficiency value
· number of DL and/or UL symbols occupied within a slot
· FFS other domain scaling
· FFS scaling is linearly or else, for each domain
Above does not necessarily imply that BS energy consumption model that takes into account all listed scaling factors will be developed

Agreement
For BS energy consumption evaluation, in addition to the energy saving gain,
· At least UPT/UE power consumption/access delay/latency should be considered for performance impact evaluation
· Note: this doesn’t necessarily mean that all the above are considered for all evaluation results. However, multiple KPIs are expected to be evaluated for a given technique. And this does not preclude to consider other KPIs when found appropriate for certain techniques/scenarios.

Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement
· FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation 
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
FFS associated scenarios/configurations, e.g. C-DRX.


Agreement
For evaluation and BS energy consumption modeling purpose, for single CC case, at least the following in table should be considered for reference configuration
· Note: other TX-RX RU number and corresponding BS antenna configuration can be considered in SLS assumptions
	
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2

	Duplex
	TDD
	FDD
	TDD

	System BW
	100 MHz
	20 MHz
	100 MHz

	SCS
	30 kHz
	15 kHz
	120 kHz

	Number of TRP
	1
	1
	1

	Total number of DL TX RUs
	64
	(working assumption) 32
	2

	Total DL power level
	55dBm
	[49dBm] – to be further discussed and finalized in future meetings

	43dBm – to be further discussed and finalized in future meetings

EIRP limited to 78dBm – to be further discussed and finalized in future meetings

	Total number of UL Rx RUs
	64
	(working assumption) 32
	2



Agreement
As a starting point,
· macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.

Agreement
The evaluation baseline for energy saving study/evaluation for BS includes at least NR R15 mandatory without capability features. Optional features from R15 onwards (e.g. CA, MIMO) as well as implementation-based energy saving techniques should be explicitly reported and described if used in the evaluation baseline.
· FFS: need of alignment for certain configurations/implementation-based schemes.

Agreement
· Similar to UE power saving study, percentage of energy consumption reduction from the baseline is used to express BS energy saving gain.
· SLS is considered as baseline evaluation method. Other method, including numerical analysis and LLS can also be considered. At least one of the methods should be selected and used for evaluation of a specific technique (selection and criteria is up to proponent).

Working assumption
For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, study the following with potential down-selection in RAN1#110
· Option 1: the power consumption is the total of DL and UL power consumption
· Option 2: the power consumption for UL is neglected
· Other option is not precluded
· Note the DL (or UL) power consumption can be obtained using a same approach as that obtained from the DL (or UL)-only in TDD model
Agreement
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
For set 2 FR1 FDD TxRx reference configuration, confirm the WA as 32 in reference configuration.

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

R1-2207987	FL summary#2 for EVM for NR NW energy savings	Moderator (Huawei)

R1-2208216	FL summary#3 for EVM for NR NW energy savings	Moderator (Huawei)

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

Agreement
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
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
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
For initial evaluations, there is always a non-sleep mode assumed between adjacent sleep modes. 

Agreement
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
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
During the transition time period, relative power of sleep mode i 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
· 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
· 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
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
· 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) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)
· 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.
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