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1 Introduction
 IN RAN4#92, the minimum distance between IAB node and IAB donor and minimum MT power of the IAB node is modified as below for co-existing simulation.
Agreement:

Companies to bring analysis for ACIR sweeps with different dynamic range values:

MT minimum power:-10dBm, 0dBm, 10dBm, 20dBm TRP  
Minimum distance: between donor and child for Layout 1: 40, 50, 60 meters. Should also consider the maximum input level MT Rx interface
In this paper, we present our view on Maximum IAB-MT Tx power. 
2 Discussion
2.1 IAB-MT maximum Tx power

When an IAB-MT makes the initial access to the network (stage 1), it will behave the same way as an R15 NR UE; e.g. the IAB-MT transmits in uplink time slot as do R15 NR UEs. During the stage 2 configuration phase, an IAB node can either be configured to use downlink time slot only to carry traffic in stage 3 (scenario 2 [2]) or to use uplink time slot for transmission in upstream direction (Scenario 1 [2]). When the IAB-MT can be configured to use the downlink time slot to transmit backhaul traffic to an IAB parent, for a shared transceiver architecture for IAB-MT and IAB-DU, the maximum EIRP of IAB-MT can be set to be the same as the IAB-DU. As the current OTA BS spec can declare the maximum carrier TRP output power, one of the options to set the maximum IAB-MT Tx power is to follow the maxim carrier TRP output power of a respective IAB-DU.
9.3.3
Minimum requirement for BS type 2-O
In normal conditions, the BS type 2-O maximum carrier TRP output power, Pmax,c,TRP measured at the RIB shall remain within ±3 dB of the rated carrier TRP output power Prated,c,TRP, as declared by the manufacturer.

Proposal-1: One option of setting IAB-MT Tx power is to use the same maximum carrier TRP output power as an IAB-DU.
When IAB-MT is configured to use  uplink time slots for transmission, setting of the maximum power of IAB-MT will be related to at least some issues below:
1. The regulatory aspect: power limitation, emission limitation
2. Not blocking the neighbour BS service

3. The deployment: distance to IAB parent

Regulation aspects:
In [3], the regulatory aspects are surveyed with the below conclusion for FR2:
IAB operation on FR2:

ECC regulation requirement  is specified for the synchronized TDD operation. For unsynchronized TDD operation, Draft ECC report [3] gives some condition on the unsynchronized TDD operation with below statements:

“For the case where the BS are using the baseline limits from ECC Dec 18(06), but there is a geographical separation of at least 50-80 m (assuming an ACIR of 28 dB) between the closest base station sites of the respective networks, there is no need to synchronise if the networks are using adjacent channels. If the networks are using the same channel the separation distance should be at least [600] m.”

Observation-5: It is difficult for BS to operate on the unsynchronized TDD without geographical separation with the baseline requirements (assuming an ACIR of 28 dB).

As in [4], the BS output power for outdoor deployment is around 28 dBm TRP/200MHz with minimum distance of 30m to 70m to victim BS with ACIR of 37 dB to 40 dB for different urban/suburban scenarios, so similar IAB-MT power could be set as the same as BS power when ACIR and minimum distance could be guaranteed.
Observation-1: The IAB-MT Tx power could be set similar as the IAB-DU Tx power, assuming a minimum distance between IAB node to neighbour NR BS of at least 50m to 80m and assuming an ACIR of 28 dB, from regulator perspective.
In [3], the regulatory aspects are surveyed with the below conclusion for FR1:
“Observation-3: If IAB node is BS (or in general, transmits with greater power or beamforming gain than a UE) and use the uplink part of the TDD pattern, the BS-BS interference will occur and the stricter ECC regulation will apply for multiple operator coexistence.”
If the IAB-MT Tx power is set to the same Tx power as for UEs when the IAB-MT transmit in uplink time slots, no additional regulation on IAB-MT Tx power seems to be required and setting MT Tx power to UE type power (EIRP) seems to not result in problems from co-existing aspect. 
However, the implication of above understanding would be still questioned as the IAB is a network node in a fixed installation position. What does it mean that reusing the same UE power on network node but without reusing the same mobility and temporary service characteristic as UE. The UE power level is derived from statistical monte-calo simulation and this aspect need to be considered when reusing the UE power level on IAB MT.
Blocking the neighbour BS:
When the IAB node is deployed in a network, it will be preferable that the minimum distance to the IAB donor and neighbour NR BS is respected. With such assumption, there are two cases where the IAB-MT transmitted power could be limited to ensure the neighbour network blocking performance.

[image: image1.emf]NR 

BS

IAB 

donor

IAB

40 meter

Ref to RIB

NR 

BS

IAB donor

IAB

Ref to RIB

Ref to RIB

S1: Co-located NR gNB and IAB (FR2) deployment S2: Neighbour NR gNB and IAB (FR2) deployment

NR ACS: (-91,-114) dBm + 27.7 = (-63.3,-86.3) dBm

Co-located NR BS maximum tolerated IAB Tx on ACS transmission

(-63.3,-86.3) dBm  + Pathloss =( -63.3,-86.3) + 114.7 =( 51.4, 28.4)dBm (EIRP)

Near NR BS maximum tolerated IAB Tx on ACS transmission

(-63.3,-86.3) dBm  + Pathloss =( -63.3,-86.3) + 114.7 =( 51.4, 28.4)dBm (EIRP)

NR ACS: (-91,-114) dBm + 27.7 = (-63.3,-86.3) dBm


Figure 1: Limited IAB-MT Tx power to protect blocking on adjacent carrier of neighbour NR BS

As the Figure 1 shows, the IAB-MT TX output power should be limited for the cases where neighbour BS operating at adjacent carrier is not far away so that the blocking performance of neighbour BS can be protected. The pathloss is derived from 5G propagation model with distance of 40 meter and a 10 meter antenna height (Refer to Table 1). Even an IAB node could be located far away to its IAB parent, if there is a neighbour victim BS, the IAB-MT output power should be limited with a range of 28.4 dBm to 51.4 dBm depending how victim BS ACS blocking declared level for S2. The EIRP should be limited between 28.4 dBm to 51.4dBm for co-located victim BS for S1, but maybe it will subject to even lower output power due to uplink power control.
However, in the real deployment cases, the real propagation condition could add more on the pathloss, so potentially higher IAB-MT transmit power will be possible. The question is how to know the radio propagation condition for potential victim BS? It may be worthwhile for IAB node to have some measurement function considering the measurement for:
1. The potential victim BS

2. The pathloss between victim BS and IAB 

3. The declared blocking level from victim BS

As measuring the surrounding cell reference signal and estimate pathloss to set the output power is also done in HeNB traditionally, RAN4 need to investigate if it would be beneficial for IAB to protect neighbour BS receiver in general so IAB-MT power could be set flexibly to benefit long distance deployment.
Proposal-2: RAN4 discuss if additional pathloss estimation on victim BS is beneficial so more IAB-MT power could be set to benefit a flexible IAB deployment.

IAB deployment:

IAB can have either coverage or capacity enhancement type of deployment. To provide extended coverage, it will be preferable that IAB node could provide long distance backhaul, while for capacity enhancement, a limited backhaul distance could be acceptable.
Table 1 lists the MCL calculation on the different IAB-MT power settings (55 dBm or 24 dBm); it can be observed that if the target SINR of 22 dB is to be fulfilled, reducing the IAB-MT power from 55 dBm to 23 dB will reduce the distance from IAB node to its IAB donor from 900meters to 40 meters taking account reasonable path loss calculation.
On the other hand, if it is allowed to reduce the IAB-MT throughput to gain the coverage, the SINR can be traded off with more MCL for uplink backhaul. The unsymmetrical throughput on uplink time slot and downlink time slot could be compensated by configuring more uplink time slots, but then the IAB DU uplink capacity may be further reduced due to TDM operation between IAB-MT and IAB-DU.

Observation-2: Reducing the IAB-MT power implies either a redurced deployment distance to IAB parent for capacity enhancement or limited uplink backhaul throughput for coverage enhancement.
Table 1: Link budget on the different IAB-MT output power

	Deployment scenario
	IAB donor (Macro) to IAB-MT
	 IAB-MT to IAB donor
	 IAB-MT to IAB donor

	Frequency and SCS
	28GHz, 120kHz
	28GHz, 120kHz
	28GHz, 120kHz

	Channel Bandwidth (MHz)
	100
	100
	100

	Channel 
	PDSCH (120kbps)
	PUSCH (120kbps)
	PUSCH (120kbps)

	Transmitter
	 
	 
	 

	(1) Tx EIRP power  (dBm)
	60
	55 (Max EIRP for PC1 UE)
	24

	Receiver
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	10
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (MHz)
	95.04
	95.04
	95.04

	(6) Effective noise power
	 
	 
	 

	         = (2) + (3) + (4) + 10 log(5)  (dBm)
	-84.22
	-89.22
	-89.22

	(7) Required SINR (dB)
	21
	22
	22

	 Thoughput ( Mbps) @ required SINR
	460
	420
	420

	(8) Receiver signal level
	 
	 
	 

	         = (6) + (7) (dBm)
	-63.22
	-67.22
	-67.22

	 
	 
	 
	 

	(9) Reciever Antenna Gain IAB  [dBi]
	24.07
	24.07
	24.07

	    Antenna Array element gain (IAB, IAB donor)
	3
	3
	3

	     # of antenna element ( IAB, IAB donor)
	128
	128
	128

	(10) TX Antenna Gain IAB  [dBi]
	24.07
	24.07
	24.07

	     Antenna Array element gain (IAB)
	3
	3
	3

	     # of antenna element (IAB)
	128
	128
	128

	(11)Maximum Coupling loss (dB)
	86
	86
	86

	MCL (dB)
	 
	 
	 

	    = (1) -(8) + (9) 
	147.29
	146.29
	115.29

	(12) Distance to IAB donor (Meters)
	 
	 
	 

	d2d 
	900
	900
	40

	 (a) 5G Path loss model ( 3D-Uma LOS (SF=4) 3GPP 38.901)
	116
	116
	86.7

	 (b) Penetration loss (outdoor -> indoor)
	0.00
	0.00
	0.00

	 (c) slow fading margin 
	7
	7
	7

	  (d) Foliage loss 
	17
	17
	17

	(e) body block loss
	0
	0
	0

	(f) Rain/ice margin
	3
	3
	3

	(g) interferance margin
	1
	1
	1

	Total Path loss =
	 
	 
	 

	(a) + (b) + (c) + (d)+ (e) +(f) + (g) 
	144.00
	144
	114.70


Summary on the IAB MT maximum power:

If IAB-MT transmit in DL time slots as in scenario 2, the IAB-MT maximum power could set to be the same as the IAB-DU Tx power. 
When IAB-MT transmit on UL time slot, there will be different aspects related to the IAM-MT maximum power.

1. From regulatory aspect, for FR2, IAB-MT maximum power could be set the same as IAB-DU with minimum distance and guaranteed ACIR. For FR1, it will be safe to set IAB-MT Tx power to the UE Tx power level to avoid stricter regulatory requirement.

2. To protect neighbour BS blocking performance, whether or not to introduce a measurement function on the pathloss of the victim BS to limit/boost IAB-MT need to be further discussed.
3. The IAB deployment for coverage enhancement may suffer from IAB-MT power reduction unless using more uplink time slot could compensate for.

2.2 IAB-MT maximum Tx power in RAN1 spec

In 38.213, for PUSCH, PUCCH, SRS and power heading (PH) calculation, there is one parameter Pcmax,f which refer to the 38.101 and thus the connection between the RAN1 power control algorithm and the parameter value in real case can be mapped. Now for IAB, there is IAB-MT which need to follow the uplink power control at stage 1 at the initial access phase, so it will be the question on IAB-MT which value it should be set. Below is excerpt on the text in 38.213 on PUSCH power control.

7.1.1
UE behaviour

If a UE transmits a PUSCH on active UL BWP 
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 of carrier 
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 using parameter set configuration with index 
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 and PUSCH power control adjustment state with index 
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, the UE determines the PUSCH transmission power 
[image: image7.wmf])

,

,

,

(

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

 in PUSCH transmission occasion 
[image: image8.wmf]i

 as


[image: image9.wmf]ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

×

+

=

)

,

(

)

(

)

(

)

(

))

(

2

(

log

10

)

(

),

(

min

)

,

,

,

(

,

,

,

TF,

,

,

,

,

PUSCH

,

RB,

10

,

O_PUSCH,

,

,

CMAX

,

PUSCH,

l

i

f

i

q

PL

j

i

M

j

P

i

P

l

q

j

i

P

c

f

b

f,c

b

d

c

f

b

c

f

b

f,c

b

f,c

b

c

f

d

f,c

b

a

m

 [dBm]

where,

-

[image: image10.wmf])

(

,

 

CMAX,

i

P

c

f

is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS38.101-3] for carrier 
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Proposal-3: Pcmax in RAN1 spec for UE initial TX power setting need to be re-discussed in context of IAB-MT.

Proposal-4: At least the reference of the Pcmax setting for IAB-MT need to refer to the new RF spec where such parameter should be specified. 

At the initial access, the IAB-MT Tx power setting will be relevant for Pcmax when IAB-MT operate at uplink time slot. If the additional power backoff is needed to protect nearby victim BS receiver, the Pcmax of IAB-MT could be adjusted with Pcmax,mt – ΔPprotect . 
As IAB-MT maximum power setting could related to either regulation, protection of victim BS receiver, vendor specific implementation, it is recommend in [1] that vendors should declare IAB-MT maximum power to cater for different deployment scenario (IAB-MT using uplink time slot or downlink time slot to transmit) and declare one power level to be used for Pcmax,MT.

Proposal-5: Declare the IAB-MT maximum power corresponding to Pcmax,mt.

The proposed text is below.
X.Y OTA IAB output power


X.Y.Z Configured transmitted power

Manufacturer can declare multiple IAB MT EIRP power levels, one of these power levels should be declared corresponding to Pcmax,mt when IAB MT is subject to uplink power control in TS 38.213.  

3 Conclusions

In this contribution, we have provided our view on the IAB-MT maximum power and have below observation and proposal:
Proposal-1: One option of setting IAB-MT Tx power is to use the same maximum carrier TRP output power as an IAB-DU.

Observation-1: The IAB-MT Tx power could be set similar as the IAB-DU Tx power, assuming a minimum distance between IAB node to neighbour NR BS of at least 50m to 80m and assuming an ACIR of 28 dB, from regulator perspective.

Proposal-2: RAN4 discuss if additional pathloss estimation on victim BS is beneficial so more IAB-MT power could be set to benefit a flexible IAB deployment.
Observation-2: Reducing the IAB-MT power implies either a redurced deployment distance to IAB parent for capacity enhancement or limited uplink backhaul throughput for coverage enhancement.
Proposal-3: Pcmax in RAN1 spec for UE initial TX power setting need to be re-discussed in context of IAB-MT.

Proposal-4: At least the reference of the Pcmax setting for IAB-MT need to refer to the new RF spec where such parameter should be specified. 

Proposal-5: Declare the IAB-MT maximum power corresponding to Pcmax,mt.

4 References

[1] R4-1910589, Ad-hoc meeting minutes for IAB
[2] R4-1905105, Summary of the IAB scenario, Ericsson

[3] R4-1904253, Regulation aspect for IAB operation within adjacent TDD network, Ericsson

[4] ECC Report on toolbox for the most appropriate synchronisation regulatory framework including coexistence of MFCN in 24.25-27.5 GHz in unsynchronised and semi-synchronised mode
[5] 47 CFR Part 30, “UPPER MICROWAVE FLEXIBLE USE SERVICE, §30.202   Power limits”, FCC
_1631451562.unknown

_1631451566.unknown

_1631451568.unknown

_1631451570.unknown

_1631451571.unknown

_1631451569.unknown

_1631451567.unknown

_1631451564.unknown

_1631451565.unknown

_1631451563.unknown

_1631451560.unknown

_1631451561.unknown

NR
BS
IAB
donor
IAB
40 meter
Ref to RIB
NR
BS
IAB donor
IAB
Ref to RIB
Ref to RIB
S1: Co-located NR gNB and IAB (FR2) deployment
S2: Neighbour NR gNB and IAB (FR2) deployment
NR ACS: (-91,-114) dBm + 27.7 = (-63.3,-86.3) dBm
Co-located NR BS maximum tolerated IAB Tx on ACS transmission
(-63.3,-86.3) dBm  + Pathloss =( -63.3,-86.3) + 114.7 =( 51.4, 28.4)dBm (EIRP)
Near NR BS maximum tolerated IAB Tx on ACS transmission
(-63.3,-86.3) dBm  + Pathloss =( -63.3,-86.3) + 114.7 =( 51.4, 28.4)dBm (EIRP)
NR ACS: (-91,-114) dBm + 27.7 = (-63.3,-86.3) dBm



