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1. Introduction
According to RAN1#110b-e meeting[1], the following agreements about BS power model were made,
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
· 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

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




And the confirmed transition time is from RAN1#110e,
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.



In this contribution, we provide some initial numerical analysis for potential power saving techniques.
2. Numerical power saving gain analysis for time and frequency domain candidate schemes
In our companion contribution[2], we give some candidate time and frequency domain schemes to reduce gNB power consumption. In this section, we will provide some numerical power saving gain analysis for some of them. 
2.1 Time domain techniques
· Technique A-1  adaptation of common signals and channels
The following three alternatives have been discussed in our companion contribution[2].
· Alt.1: Increasing repetition period of SIB1 PDCCH/PDSCH;
For this option, SSB periodicity is kept as it is, and the repetition period of SIB1 PDCCH/PDSCH is increased to a larger one. UE can find the cell by searching SSB with traditional periodicity, but it needs more time to get SIB1, as shown in Fig.1. 
· Alt2: Increasing repetition period of PBCH and SIB1 PDCCH/PDSCH
For this option, PSS and SSS are still transmitted with default periodicity, but the periodicity of PBCH and SIB1 is increased. So UE can get sync with the cell with PSS and SSS, but it cannot detect PBCH for some occasions. 
· Alt3: Increasing repetition period SSB and SIB1 PDCCH/PDSCH
For this option, the relative position of PSS/SSS, PBCH and SIB1 is not changed, but they are transmitted less frequently, as shown in Figure.1. 
[image: ]
Figure 1. Different alternatives of reduced SSB/SIB1 transmission

To analyze the power saving gain of above alternatives, we make the following assumption for the compared schemes.
· Baseline: normal SSB/SIB1 transmission, with 20ms repetition period for both.
· Alt.1: SSB periodicity 20ms, SIB repetition period 40ms.
· Alt.2: SSB and SIB1 repetition period 40ms, for other 20ms occasions, only PSS and SSS are transmitted.
· Alt.3: SSB and SIB1 repetition period 40ms.
Other additional assumption are,
· Idle/empty load.
· TDD with 30KHz SCS.
· SIB1: PDCCH: 2 symbols, 48RB; PDSCH: 12RBs, 12 OFDM symbols including DMRS.
· SSB1 and SSB are transmitted in different slots, e.g. value in Table 13-11 is assumed to be 5ms.
· , A=0.4.
· Time unit for power model is slot.

Based on the agreed power consumption calculation method, the power consumption comparisons of different alternatives and the power saving gain of compared to baseline are shown in figure 2 and figure 3 for category 1 and category 2. The calculated window length is 40ms.
[image: ]
Figure 2. Power saving gain for three time domain alternatives to reduce common channels/signals, with power model category 1.

[image: ]
Figure 3. Power saving gain for three time domain alternatives to reduce common channels/signals, with power model category 2.
According to the analysis, when the three time domain alternatives to reduce common channels/signals is introduced for idle/empty load, the power saving gain varies from 25.74%~28.69% and from 13.66%~17.62% for power model category 1 and category 2, respectively.
Observation 1: By reducing SSB or SIB1 transmission from 20ms to 40ms, the power saving gain can reach more than 25% and 13% for power model category 1 and category 2.
Therefore, the transmission periodicity of SSB or repetition period of SIB1 can be adapted to reduce gNB power consumption. 
Proposal 1: The following alternatives can be studied for reducing common channels.
· Alt1: Adapting repetition period of SIB1 PDCCH/PDSCH
· Alt2: Adapting repetition period of PBCH and SIB1 PDCCH/PDSCH
· Alt3: Adapting repetition period SSB and SIB1 PDCCH/PDSCH

· Technique A-6  Adaptation of SSB/SIB1
For this technique, we analyze the power saving gain of SSB/SIB-less of single carrier UE operation, e.g. the cell has no SSB and SIB1 transmission, or it has SSB or simplified SSB, but no SIB1 transmission. 
In practical, a gNB can have multiple carriers, while the UEs it serves can work at a single carrier or multiple carriers mode. To realize power saving of gNB on one carrier, if one carrier B can share synchronization from the other carrier A, then SIB1 less or even SSB less can be applied to carrier B, regardless of whether it is SCell of one CA UE or the serving cell of other UEs without CA capability. 
We will focus on UE with single carrier operation here.
Take Figure.4 as an example, gNB has deployed 3 collocated carriers, e.g. CC1, CC2, CC3. To reduce gNB power consumption, CC2 and CC3 has limited common signal/channel transmission. For this example, CC2 has its own PSS/SSS, but no PBCH and SIB1, so UEs can sync to CC2 by the PSS/SSS for this cell. CC3 has neither SSB nor SIB1, but both CC2 and CC3 are co-deployed with CC1 and they can share synchronization with each other, especially for CC3 without PSS/SSS. According to current specification, such carriers like CC2 and CC3 can not be used for initial access, which may cause initial access congestion. 
To solve such problems when keeping the power saving benefit of SSB/SIB1-less, enhancement can be made for UE to access such carrier like CC2 and CC3 with assistance information(SSB/SIB1) from CC1. UEs with single carrier operation can finish cell search on CC1, and initiates RACH on CC2 or CC3 based on some proper cell selection strategy, to get offloaded or to get better service on CC2 or CC3, when they can get system information of CC2/CC3 that they needed from carrier CC1. 
[image: ]
Figure 4. SSB/SIB1 less cell

To observe the power saving effect, we compare the above SSB/SIB1-less scheme with baseline operation, the detailed scheme description is as following
· Baseline scheme:
· gNB has 2 co-deployed CCs, both of them are available for UE with single carrier operation to access, so both CC1 and CC2 has SSB and SIB1 with default 20ms transmission period. As shown in Figure.5 (a).
· SSB/SIB1-less scheme:
· gNB has 2 co-deployed CCs, both of them are available for UE with single carrier operation to access, but only CC1 has normal SSB and SIB1 with default 20ms transmission period. CC2 only has PSS/SSS for synchronization. As shown in Figure.5 (b).
We don’t provide power gain analysis for CC3 in figure.4, since it will have more power saving gain than CC2.
[image: ]
(a) Baseline scheme with normal SSB/SIB1 transmission
[image: ]
(b) SSB/SIB1-less scheme with simplified SSB and no SIB1
Figure 5. Baseline and SSB/SIB1-less scheme used for power saving analysis
The additional assumption are similar as Technique A-1.
· Idle/empty load.
· TDD with 30KHz SCS.
· SIB1: 
· Baseline: for both CC1 and CC2, PDCCH: 2 symbols, 48RB; PDSCH: 12RBs, 12 OFDM symbols including DMRS.
· SSB/SIB1-less scheme: no SIB1 on CC2, but CC1 carries SIB1 for CC2, so the TBS will be doubled. The number of PDSCH PRBs is 24 RBs, 12OFDM symbols. PDCCH still occupies 2 OFDM symbols, 48 PRBs.
· SSB1 and SSB are transmitted in different slots, e.g. value in Table 13-11 is assumed to be 5ms.
· , A=0.4.
· Time unit for power model is slot.

Based on the agreed power consumption calculation method, the power consumption comparisons of SSB/SIB1-less scheme and the power saving gain compared to baseline are shown in figure 6 and figure 7 for category 1 and category 2, respectively. Here, the baseline consumption is same for CC1 and CC2, since both of them have normal SSB and SIB1 transmission. Then when SSB/SIB1-less as shown in figure 5(b) is applied to CC2, the power consumption of CC2 will be reduced compared to baseline. The power saving gain of SSB/SIB-less CC2 are 56.54% and 31.43% for category 1 and category 2, respectively, compared to normal SSB/SIB1 transmission. However, the SIB1 on CC2 will be carried by CC1, so the power consumption of CC1 will be a little higher. 
The additional power consumption for CC1 with CC2’s SIB is not significant, since we assume the additional SIB1 is transmitted FDMed with CC1’s SIB1. For our assumption, the number of SIB1 PDSCH is 24RBs(CC1 with CC2’s SIB1) compared to 12RB(CC1 without CC2’s SIB1), according to  , we can see the sf is a small factor with 24RB/273RB =0.088s(CC1 with CC2’s SIB1), 12RB/273RB =0.044(CC1 without CC2’s SIB1), while =0.6*(32-5.5)=15.9 for cat.2, or =0.6*(280-55)=135 for cat.1.  So even with additional sf (0.088-0.044=0.044),  the additional  power due to an additional sf= 0.044 will be marginal. That’s why only 1.73% or 1.41% power loss for CC1.


[image: ]
Figure 6. Power saving gain for SSB/SIB1-less CC2 and the power saving loss for CC1 with additional SIB1 for CC2, power model category 1.

[image: ]
Figure 7. Power saving gain for SSB/SIB1-less CC2 and the power saving loss for CC1 with additional SIB1 for CC2, power model category 2.
Observation 2: With SSB/SIB1-less CC, the power saving for idle/empty load can reach 56% and 31% for category 1 and category 2 modelling, with limited power loss on the cell that carry additional SIB1.
Of course, when there are traffic load on CC1 and CC2, the power consumption gain will be changed. From the above analysis, we can at least see the potential power saving gain at certain condition. Therefore, SSB/SIB1-less can be further studied. 

Proposal 2: SSB/SIB1 less carrier can be considered for single carrier UE operation with assistance information from other carriers.

2.2 Frequency domain techniques
In our companion contribution[2], we has discussed SSB less or reduced SSB on SCell. For example, for inter-band CA, there are two sub-cases,
· Inter-band SSB-less SCell: This is similar to intra-band SSB-less case, where the SCell still can share synchronization with Pcell, then the discussion above can be reused, except that potential RAN4 involvement to study the conditions and restrictions for such case. 
· Inter-band SCell with reduced SSB: In this case, SSB is still needed on SCell for UE to get synchronization. But the periodicity of SSB can be increased so that gNB can shut off the RF and baseband part of SCell for such symbol as long as there are no data scheduling, then gNB power consumption on SCell can be reduced. And the reduced SSB also include simplified PSS/SSS transmission without PBCH. 
For CA case, current specification already supports SIB information of SCell to be carried on PCell. So the following cases can be compared,
· Baseline: normal SSB on SCell. PCell with normal SSB, SIB1 and also SIB1 information for SCell.
· SCell with reduced SSB: SCell with only PSS/SSS, with 20ms periodicity. PCell with normal SSB, SIB1 and also SIB information for SCell.
SCell with reduced SSB includes simplified SSB with only PSS/SSS on SCell, or SSB on SCell with larger periodicity. While SSB on SCell with larger periodicity can reduce power consumption, similar as time domain techniques. Therefore, we provide the power saving gain analysis for simplified SSB on SCell. As shown in figure.8.
[image: ]
Figure. 8 Baseline and SCell with simplified SSB used for power saving analysis
Other parameters are same as those used for technique A-6 in section 2.2. Since power consumption of Pcell is same for baseline and enhancement scheme, we only compare the SCell power consumption for baseline scheme and  SCell with simplified SSB scheme.
As shown in Figure.9, empty/idle load is assumed, for SCell with simplified SSB compared to SCell with normal SSB, the power consumption of SCell can reduce 10.43% or 5.66% for cat.1 and cat.2 power modeling, respectively. 
[image: ][image: ]
(a) Cat.1 power model                     (b) Cat.2 power model
Figure.9  Power consumption comparison for SCell with normal SSB and SCell with simplified SSB.
Observation 3: With simplified SSB, e.g. only PSS/SSS on SCell, the power saving gain can be 10.43% and 5.66%  for category 1 and category 2 modelling, for idle/empty load.
Of course, when there are traffic load on CC1 and CC2, the power consumption gain will be changed. From the above analysis, we can at least see the potential power saving gain for empty/idle load case. Therefore, SCell with reduced SSB can be studied. 

Proposal 3: SCell with reduced SSB can be studied for multiple carrier power saving enhancement.

3. Conclusion
Based on the above discussions, the proposals are as follows:
Observation 1: By reducing SSB or SIB1 transmission from 40ms to 20ms, the power saving gain can reach more than 25% and 13% for power model category 1 and category 2.
Observation 2: With SSB/SIB1-less CC, the power saving for idle/empty load can reach 56% and 31% for category 1 and category 2 modelling, with limited power loss on the cell that carry additional SIB1.
Observation 3: With simplified SSB, e.g. only PSS/SSS on SCell, the power saving gain can be 10.43% and 5.66%  for category 1 and category 2 modelling, for idle/empty load.


Proposal 1: the following alternatives can be studied for reducing common channels.
· Alt1: Adapting repetition period of SIB1 PDCCH/PDSCH
· Alt2: Adapting repetition period of PBCH and SIB1 PDCCH/PDSCH
· Alt3: Adapting repetition period SSB and SIB1 PDCCH/PDSCH
Proposal 2: SSB/SIB1 less carrier can be considered for single carrier UE operation with assistance information from other carriers.
Proposal 3: SCell with reduced SSB can be studied for multiple carrier power saving enhancement.
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