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1. Introduction
The Pcmax, power control for IAB-MT and LA-MT maximum output power were not agreed in the discussion of past several meetings. This contribution provides some analysis of them. For Pcmax, only the concepts are provided, the details may need improvements if the concepts are accepted in the group.
2. Discussion
2.1 Power control procedure for IAB
The current RAN1 UL power control procedure includes PUSCH, PUCCH, SRS and PRACH. The followings are the equations in physical layer power control for different physical channels,
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In the power control equation, there’re two parts for every physical channels: Pcmax and the output power derived from the power control procedure. For the transmit power level derived from the power control procedure, we think it can be reused by IAB-MT according to some initial analysis.
Observation 1: The power control procedure to determine the output power for UE except the Pcmax part can be reused by IAB-MT.
Then if Pcmax is defined in RAN4, the whole RAN1 UL power control procedure can be reused.
Observation 2: If Pcmax for IAB-MT is defined in RAN4, the whole RAN1 UL power control procedure can be reused by IAB-MT.
PHR report is also related to Pcmax. For current UE PHR report, there’re two types as following.
Type 1:
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And Type 3:
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According to the procedure in TS 38.213, we have the similar observation as the above two observations.
Observation 3: If Pcmax for IAB-MT is defined in RAN4, the whole RAN1 PHR procedure can be reused by IAB-MT.
2.2 [bookmark: _GoBack]Pcmax definition in RAN4
2.2.1 General
If RAN1 power control procedure can be reused, the only issue is how to define Pcmax for IAB-MT in RAN4. The current UE FR1 Pcmax is defined as following,
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
FR2 Pcmax is defined as following,
-----------------------------------
The UE can configure its maximum output power. The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [11].
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
------------------------------------
For IAB-MT, there’re some differences with UE that the maximum output power is defined in the specification for IAB-MT but the manufacturer can declare the exact output power. The PPowerclass, if it’ll be defined, is an upper power limit for IAB-MT. For UE, the cases are different for FR1 and FR2. For FR1, PPowerclass is an exact power level such as PC3 PPowerclass is 23 dBm. For FR2, PPowerclass is a set of requirements including minimum peak EIRP,  maximum output power limits and spherical coverage. For different IAB-MT types, they may need to be studied separately and see how to define Pcmax.
For the power class definition, we think generally 2 power classes can be defined. One is corresponding to Wide Area IAB-MT class, the other is corresponding to Local Area IAB-MT class.
Proposal 1: Two power classes can be defined for both FR1 and FR2. One is corresponding to Wide Area IAB-MT class, the other is corresponding to Local Area IAB-MT class.
2.2.2 IAB-MT type 1-H
For IAB-MT type 1-H, the situation is similar with UE FR2 that the exact output power is in a range for different IAB-MT. However, for each IAB-MT product, it knows its capability and knows power headroom for every working mode. If RAN1 power control procedure doesn’t change for IAB-MT, then Pcmax and PPowerclass needs to be defined. The followings are some initial consideration on how to define PPowerclass and Pcmax.
For FR1 IAB-MT type 1-H, the 2 PPowerclass definitions can be defined as the following,
Table 1: IAB-MT type 1-H Power classes
	IAB-MT type 1-H Power class
	Prated,c,sys

	Power class 1
	(Note1)

	Power class 2
	≤ 24 dBm +10log(NTXU,counted)

	NOTE 1: There is no upper limit for the Prated,c,sys for Power class 1.
NOTE 2: Power class 1 is corresponding to Wide Area IAB-MT, Power class 2 is corresponding to Local Area IAB-MT.


Which one is the default power class can be further discussed.
The Pcmax can be defined as the following,
Pdeclared,c,sys ≤  PCMAX,f,c  ≤  Prated,c,sys
Proposal 2: For FR1 IAB-MT type 1-H, PPowerclass can be defined as the following,
Table 1: IAB-MT type 1-H Power classes
	IAB-MT type 1-H Power class
	Prated,c,sys

	Power class 1
	(Note 1)

	Power class 2
	≤ 24 dBm +10log(NTXU,counted)

	NOTE 1: There is no upper limit for the Prated,c,sys for Power class 1.
NOTE 2: Power class 1 is corresponding to Wide Area IAB-MT, Power class 2 is corresponding to Local Area IAB-MT.


Which one is the default power class can be further discussed.
Pcmax for IAB-MT type 1-H is defined as following.
Pdeclared,c,sys ≤  PCMAX,f,c  ≤ Prated,c,sys
2.2.3 IAB-MT type 1-O
The IAB-MT type 1-O output power requirement has two parts, TRP and EIRP. EIRP is declared by the manufacturer, TRP requirement is more detail but there’s no upper limit for power class 1. We have the following proposal,
Proposal 3: For IAB-MT type 1-O,  power class can be defined as following.
Table 2: IAB-MT type 1-O Power classes
	IAB-MT type 1-O Power classes
	Prated,c,TRP
	Maximum EIRP level at beam peak direction

	Power class 1
	Note 1
	Note 2

	Power class 2
	≤ + 33 dBm
	Note 2

	NOTE 1: There is no upper limit for the Prated,c,TRP for power class 1.
NOTE 2: The maximum EIRP level at beam peak direction EIRPmax is declared by the manufacturer.
NOTE 3: Power class 1 is corresponding to Wide Area IAB-MT, Power class 2 is corresponding to Local Area IAB-MT.


Pcmax can be defined as following,
-------------------------------------
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ Prated,c,TRP
2.2.4 IAB-MT type 2-O
The IAB-MT type 2-O output power requirement approach is more like type 1-O. Both TRP and EIRP has no explicit requirements that all of them are declared by the manufacturer. We have the following proposal,
Proposal 4: For IAB-MT type 2-O, power class of IAB-MT type 2-O can be defined as following.
Table 3: IAB-MT type 2-O Power classes
	IAB-MT type 1-O Power classes
	Prated,c,TRP
	Maximum EIRP level at beam peak direction

	Power class 1
	Note 1
	Note 2

	Power class 2
	Note 1
	Note 2

	NOTE 1: Prated,c,TRP is declared by the manufacturer.
NOTE 2: The maximum EIRP level at beam peak direction EIRPmax is declared by the manufacturer.
NOTE 3: Power class 1 is corresponding to Wide Area IAB-MT, Power class 2 is corresponding to Local Area IAB-MT.


Pcmax definition can be defined the same as type 1-O,
-------------------------------------
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ Prated,c,TRP
2.3 The tolerance of IAB-MT Power control
For UE, there’s a tolerance requirement for different Pcmax level. Our preliminary view is that it may not be needed for IAB-MT because the dynamic range for IAB-MT is much smaller than UE. But it can be discussed further when the Pcmax definition concept is agreed.
Observation 1: Tolerance of IAB-MT Power control is not need to be tested.
2.4 LA MT maximum output power
For LA-MT type 1-H, the options in the last meeting is as following,
· Option 2: 24dBm 
· Option 1: 38dBm
In theory, IAB-MT can transmit the two options based on how to implement it. However, there should be another aspect needs to be considered. Whether there’s some problem for BS Rx because it was agreed that LA MT dynamic rang is only 10 dB.
The following is the path loss calculation from Micro parent to Local area MT. The distance is set to 20 m according to the minimum distance in R4-1907825.
Table 4: PL between MT and parent
	h_BS(m)
	10

	h_IAB(m)
	3

	fc(GHz)
	5

	delta_SF
	8.2

	d_BP (m)
	1200

	d(m)
	20

	d_3D(m）
	21.2 

	PL(dB）
	73.7 


Using the 74 dB PL derived from the above table, the following table shows the parent Rx power for the two cases of 24 dBm or 38 dBm maximum TRP. The antenna is assumed to be 4 antennas with 3 dBi antenna element gain, which is almost the lowest assumption.
Table 5: Parent Rx signal level
	LA MT maximum TRP (dBm)
	24 
	38 

	Tx Antenna array Gain (dBi)
	9 
	9 

	Distance (m)
	20
	20

	PL (dB)
	74 
	74 

	LA Tx dynamic range (dB)
	10 
	10 

	Parent Rx antenna element gain (dBi)
	3
	3

	Parent Rx power per Rx path (dBm)
	-48 
	-34 



From the link level calculation, if LA MT TRP is 24 dBm parent, Rx power per Rx path is -48 dBm, if LA MT TRP is 38 dBm, parent Rx power is -34 dBm.
In TS 38.104, BS Rx capability is as following,
	IBB
	ACS
	REFSENS
	Dynamic range

	Wide Area BS: -43
Medium Range BS: -38
Local Area BS: -35
	Wide Area BS: -52
Medium Range BS: -47
Local Area BS: -44
	-101.7 for 5MHz
	-64.5 for 20MHz


For the maximum input signal level, -64.5 dBm is the maximum wanted signal level defined in the spec. when the CBW is 100MHz, the level can be -51.5 dBm. There’re some understanding that the IBB level is the real BS Rx signal capability, we agree that RF path needs to consider IBB signal which is the maximum Rx signal in the spec but we don’t agree that the wanted signal level should consider that large. For BS Rx path, the IF part and the BB part may not have that margin. In BS implementation, the IBB and part of ACS can be filtered by the filter in ADC and IF digital filter. Therefore, the final BB Rx signal only includes the wanted signal and a very low noise left from ACS/IBB which makes the REFSENS has some degradation, it’s allowed by the spec. If the wanted signal is as large as the level of IBB, it can’t be guaranteed by the IF and BB implementation. Even considering that argument, the 38 dBm TRP will make the parent Rx signal larger than IBB. Therefore, we think if 10 dB dynamic range is not revisited, even 24 dBm TRP has some risk that parent Rx can’t process the signal from LA IAB-MT when the distance is very close. We propose 24 dBm is agreed other than 38 dBm.
Proposal 5: 24 dBm is agreed to be the LA IAB-MT TRP if 10 dB dynamic range is not revisited.
3. Conclusion
This contribution provides further analysis for IAB-MT Tx power related issues, and provided some proposals and observations.
4. Reference
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