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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref523752768][bookmark: _Ref129681832]During and after the last meeting RAN1 #94bis [1], there were a lot of discussions on evaluation methodology for UE power saving, and significant progress has been made. Based on the discussions so far, in this paper we provide our views on power consumption modeling for scaling scheme, for some FR2 issues, as well as for RRM measurement. 
Discussion on the remaining issues of power consumption modeling
Power scaling scheme 
In RAN1 #94bis meeting, the power consumption model for the reference configuration has been agreed, and the following power states are modeled: Deep Sleep, Light Sleep, Micro Sleep, PDCCH-only, SSB or CSI-RS proc, PDCCH+PDSCH, and UL.
Agreements:
	Reference Configuration
	Power State
	Characteristics
	Relative Power 

	Downlink: TDD, FR1, 30 kHz SCS, 1CC, 100 MHz BW, PDCCH region of 2 symbol at beginning of a slot, k0 = 0, max. #CCE = 56, 36 PDCCH blind decoding, PDSCH of max data rate with 256QAM 4x4 MIMO, #RB for TRS = 52, 4RX, Capability 1
Uplink: TDD, FR1, 30 kHz SCS, 1CC, 100MHz BW, 1TX, 2 power levels 0dBm and 23dBm
Power values are averaged over the operations within a slot.
	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	
	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	
	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	
	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	
	SSB or 
CSI-RS proc.
	[bookmark: _GoBack]SSB can be used for fine time-frequency sync and RSRP measurement of the serving/camping cell. FFS the power scaling for RRM of neighbor cells. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	
	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. FFS the power scaling for PDSCH-only slot.
	300 

	
	UL
	Long PUCCH or PUSCH. FFS the power scaling for short PUCCH and SRS.
	250 (0 dBm)
700 (23 dBm)



Based on the reference configuration, power consumption of other configurations is modeled by scaling the parameters in the reference configuration, such as BWP Bandwidth, number of CCs, number of antennas, number of SSBs, etc. The agreed power scaling scheme for at least FR1 power states follows.
Agreements:
	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.
FFS: transition energy for BWP switching

	BWP Bandwidth (UL)
	No scaling at 0dBm or 23dBm
	

	CA (DL)
	2CC is 1.7x1CC
	Higher CA is FFS
Activation/deactivation delay follows RAN4 specification; FFS transition energy

	CA (UL)
	As downlink at 0dBm. No scaling at 23dBm
	

	Antenna scaling (DL)
	2Rx power is 0.7x 4Rx power
	Other antenna counts are FFS

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. [No scaling] at 23dBm
	Other antenna counts are FFS

	PDCCH-only
	Power of cross-slot scheduling is 0.7x same-slot scheduling
FFS for the scaling w.r.t. #blinding decoding
	

	SSB
	FFS for #SSB to be processed in one slot (Note 2 SSBs in a slot for the ref. config.)
FFS for neighbor cell measurement including cell detection
FFS for #measured cells/SSBs
	

	PDSCH-only slot
	[280]
	

	CSI-RS
	FFS for scaling w.r.t. #symbols for CSI-RS
FFS for neighbor cell measurement
FFS for #measured cells
	

	Short PUCCH
	Short PUCCH power = [0.6] x uplink power
	

	SRS
	SRS power = [0.6] x uplink power
	



Regarding the power scaling scheme for BWP switching, the transition energy can be modeled following the same principle of transition from deep sleep and light sleep, i.e. , where  is the transition energy,  is the power level before switching,  is the power level after switching, and  is the transition time. For example, if the UE switches from a BWP of 20MHz to a BWP of 100MHz with the power state of PDCCH+PDSCH, according to the scaling scheme  and . Assume that the transition time is, then the transition energy is .
Regarding the power scaling scheme for the number of UE Tx antennas, it has been agreed that 2Tx power is 1.4x 1Tx power at 0dBm, and the scaling factor for 23dBm is not determined. If the UE performs 2Tx transmission, it means that two RF chains are used, and each Tx is at 20dBm. Even though the PA is working in a saturation state at 20~23dBm, the power consumption of the additional one RF chain should not be neglected. So for the 23dBm case, the scaling factor should be larger than 1. And 1.4 may be a suitable value. Regarding the power scaling scheme for short PUCCH and SRS, the first question that should be clarified is that what the transmitting power is. As shown in the above agreements, the UL power is modeled with separate values for 0dBm and 23dBm. When short PUCCH and SRS is modeled, the scaling factors should also be determined separately for 0dBm and 23dBm, since the PA provides a different percentage of the total power in the two cases. For the 0dBm case, it is suggested a scaling factor larger than 0.6; for the 23dBm case, a scaling factor smaller than 0.6.
Regarding SSB and CSI-RS processing, further discussion is provided in Section 2.3.
Proposal 1: For the scaling of the power consumption model in the reference configuration for FR1
· The transition energy is modelled as .
· The scaling factor for UL antenna number at 23dBm is 1.4.
· The scaling factor for short PUCCH and SRS is determined separately for 0dBm and 23dBm, and it is 0.8 for 0dBm and 0.4 for 23dBm.

Regarding the power scaling scheme for PDCCH candidates processing reduction, the following was agreed:
	Agreements:
Power scaling scheme for PDCCH candidates processing reduction:
· Scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on microsleep portion of the PDCCH-only slot
· It is assumed that for PDCCH-only state baseline agreed for FR1, some portion of the slot is in microsleep
· For scaling determination, companies can report the portion that is assumed
· Companies may state their assumption on how much portion of PDCCH processing time can scale in accordance to PDCCH candidates (e.g. AL/CCE/BD) reduction
· Note: In the reference configuration, the first two symbols are PDCCH symbols.


[bookmark: OLE_LINK6]For PDCCH candidates (AL/CCE/BD) reduction, the above agreements assume that scaling is based on the corresponding time portion change, i.e. reduction of PDCCH receiving/decoding duration and the corresponding increase of microsleep duration. The portion of a slot for PDCCH processing when the UE processes the complete set of PDCCH candidates is implementation-specific, and also the time for the individual PDCCH processing steps (DL buffering, RxFFT, channel estimation, demodulation, decoding etc.) is implementation-specific. In addition, some implementations like DFVS can even maintain the processing time for reduced CCE/BD number with relaxed processing speed. 
The reduction of PDCCH candidates impacts mostly on PDCCH-only state where UE has to process all the candidates and reach the maximum BD number. Since PDCCH-only state can also be skipped by power saving signaling – which could turn UE into light or deep sleep instead of microsleep – it is not so essential for power saving PDCCH candidates reduction. On the other hand, it restricts scheduling flexibility of gNB, especially when the CCE/BD numbers are substantially reduced. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Considering the cost on scheduling and potential limited power saving gain, it seems not attractive to focus the discussion on power scaling for very small number of CCE/BD. Then for CCE/BD number close to maximum allowed number (e.g. #CCE=56 and #BD=36 for 30kHz SCS), no scaling or a value close to 1 can be assumed.
[bookmark: _Ref528161610]Modeling for FR2
In RAN1 #94bis meeting, the reference configuration for FR2 is almost complete, with the modulation level and TRS configuration still TBD. Power values for the different power states, e.g. PDCCH-only, PDCCH + PDSCH, etc., for FR2 are not determined yet. 
Before determining the values for each power state, some clarifications are needed. 
In FR2 antenna array is used to perform beamforming in both UL and DL, thus the assumption of antenna array configuration should be clarified, i.e. how many antenna elements are in each antenna array, since the power consumption depends on the number of antenna elements. To make the power model as simple as possible, a reference configuration should be defined, for example 4 antenna elements in each antenna array. 
The second issue is the UL transmitting power. In FR2, EIRP is used to represent the transmitting power, where beamforming gain is included. Similar to the UL power model for FR1, two typical EIRP values are selected, and the power consumption in both cases is modeled.
Proposal 2: For the power consumption model for FR2, define a reference configuration for the antenna array, and select two typical EIRP values.
[bookmark: _Ref528161008]RRM measurement
According to the email discussion [2], the power consumption model of RRM for FR1 is agreed, and for FR2 is FFS. Similar to the discussion in Section 2.2, it is needed to clarify the antenna array configuration. 
Another issue raised during the email discussion is how to model the neighbor cell search. The UE usually has to perform neighbor cell search before it performs neighbor cell measurement. However, how to perform neighbor cell search is up to UE implementation. It is hard to determine how frequent a UE shall perform neighbor cell search, e.g. will the UE perform neighbor cell search every time it performs neighbor cell measurement, or every X times it performs neighbor cell measurement? Therefore, the power consumption value can be modeled, but whether or not to model the time needed to perform cell search should be carefully studied.
Besides, even for the case where the UE performs neighbor cell search and neighbor cell measurement, the searching and measuring may be processed simultaneously. For example, the UE may search neighbor cells at first. After it finds some neighbor cells, it will measure these cells, while the UE may continue searching other neighbor cells at the same time. Therefore the power consumption of cell search and RRM measurement may not be decoupled.  On the other hand, as far as we have observed, there has been no solution on RRM enhancement that only impacts the cell search and do not impact the RRM measurement. So the power model of coupled cell search and RRM measurement may need further study.
Proposal 3: For the power consumption model for RRM measurement, finalize the modelling of the RRM measurement, and
· FFS whether to model the power of cell search only or to model the power of cell search together with RRM measurement.
Conclusion
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Based on above discussions, we have the following proposals:
Proposal 1: For the scaling of the power consumption model in the reference configuration for FR1
· The transition energy is modelled as .
· The scaling factor for UL antenna number at 23dBm is 1.4.
· The scaling factor for short PUCCH and SRS is determined separately for 0dBm and 23dBm, and it is 0.8 for 0dBm and 0.4 for 23dBm.
Proposal 2: For the power consumption model for FR2, define a reference configuration for the antenna array, and select two typical EIRP values.
Proposal 3: For the power consumption model for RRM measurement, finalize the modelling of the RRM measurement, and
· FFS whether to model the power of cell search only or to model the power of cell search together with RRM measurement.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref528328011]3GPP TSG RAN WG1 Meeting RAN1 #94bis Chairman’s Notes, October 2018.
[bookmark: _Ref528160792]Email discussion [94b-NR-10] Power modelling for RRM measurement /search.
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