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This document is intended to capture the email discussion [94b-NR-10]:
Email discussion for power modelling for RRM measurement /search till 10/18, with the expectation to have firm numbers (i.e. without brackets)  - Peter (Qualcomm)

[bookmark: _Hlk527374532]RRM Measurement and Search
[bookmark: _GoBack]The Summary Section 1.1.1.1 is for official endorsement/agreement. Section 1.1.1.2 are additional information and details, and can be the starting point for discussion in the next meeting (RAN1#95).

[bookmark: _Ref528140841]Summary
Assumptions:  
· SSB periodicity is 20msec and 2 SSBs per a slot are measured 
· SMTC periodicity is 20msec while SMTC duration is TBD. 
· For inter-band, up to [2] frequency layers and gap pattern ID = 0 defined in TS 38.133 (i.e., measurement gap length of 6msec and measurement gap periodicity of 40msec)

[bookmark: _Hlk527471708]For intra-frequency measurements:
	N: Number of cells for intra-frequency measurement
	Synchronous case
	Asynchronous case

	
	FR1
	FR2
	FR1
	FR2

	N=8
	150
	FFS
	170
	FFS

	N=4
	120
	FFS
	140
	FFS



All above values are slot-averaged power (P_fr1 or P_fr2 for FR1 or FR2 respectively).
Synchronous case means actual SSB tranmissions from cells are time-aligned e.g., timing of SSBi from cell i is aligned with timing of SSBi from cell j.
Asynchronous case means actual SSB transmissions from cells are not time-aligned e.g., timing of SSBi from cell i is not aligned with timing of SSBi from cell j


For inter-frequency measurement as function of the number of frequency layers:
UE needs to monitor Nf frequency layers within a measurement gap.

Where 
· Ei is either P_fr1*Ns (for FR1) or P_fr2*Ns (for FR2) for each frequency layer i
· Ns is the number of slot over which measurements (for each frequency layer i) are carried out 
· Nf is the number of frequency layers measured
· Et = Pt * Tt, where Pt is the switching power consumption and Tt is 0.5ms for FR1 and 0.25ms for FR2 (from RAN4)
· [Assume microsleep power for Pt]

And it can be simplified to the following if Ei is same across frequency layers (i.e. Ei = E for all i).
	E3 = E*Nf + Et*(Nf+1)

Note: RAN4 requirement assumes only one frequency layer per measurement gap.

For full neighbor cell search:
The baseline neighbor cell search power is independent of the number of cells on the first order and can be approximated as:
	FR1
	FR2

	[180]
	FFS



It is expressed as the power averaged over a slot during which search is performed.

For combined measurement and search:
FFS




[bookmark: _Ref528140905]Discussion
[bookmark: _Hlk527382859][bookmark: _Hlk527471767]Two types of measurement
-	Intra-frequency measurement
- 	At least 8 cells for FR1 and at least 6 cells for FR2 (Section 9.2.3 of TS 38.133) 
-	Inter-frequency measurement
-	At least 4 cells for FR1/FR2 (Section 9.3.3 of TS 38.133)

[bookmark: _Hlk527389235]Serving and neighbor cell measurements
For intra-frequency measurement, because the time scale over which multiple cells are measured can be per-slot, modelling based on power averaged over a slot is used. For overall energy, at least the slot-averaged power multiplied by the number of slots over which measurements are carried out should be included.

For FR1,
[bookmark: _Hlk527389252]Scenario 1 (SSBs from cells are synchronized):
· Scaling expression (to be removed)
P1 = 100 + (scale factor)*(N-1)
	Where N is the number of cells to measure
· E.g. N=8: P1=150 units
· E.g. N=4: P1=120 units

[bookmark: _Hlk527389223]Scenario 2 (SSBs from all cells are not synchronized):
· Up to 6 additional symbols to receive, and the additional power is 20.
P2 = P1 + 20
For FR2, FFS
The following can be used as a starting point for discussion in next meeting #95:
      Scenario 1 (SSBs from cells are synchronized):
· Same as FR1 power but with 175 base power instead of 100 (i.e. add 75 to the FR1 numbers)
P1 = 175 + (scale factor)*(N-1)
	Where N is the number of cells to measure
· E.g. N=8: P1=225 units
· E.g. N=4: P1=195 units

Scenario 2 (SSBs from all cells are not synchronized):
· Up to 6 additional symbols to receive, and the additional power is X  (e.g. X=85).
P2 = P1 + X

Inter-frequency measurement as function of the number of frequency layers
For inter-frequency measurement, because the time scale over which multiple frequencies are measured is over a longer period and serial in time, it is easier to model based on energy contribution per frequency. The overall energy would be the sum of the energy for each frequency plus the associated switching overhead energy.
If needed, the total energy can be converted to some kind of average power if a proper time duration reference is chosen.
Because inter-frequency measurements take place during measurement gaps, serving cell measurement power should be accounted separately.

For combined measurement and search:
The overall power consumption can be smaller than the sum of individual measurement power and search power due to common portion that can be shared. Details to be discussed.


2/9
