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Introduction
In the LS [1], RAN1 is asking RAN4 for a recommendation on the min and max values for a desired DL Tx power adjustment, the actual DL Tx power adjustment, and a desired UL Tx PSD range
	RAN1 has agreed (see R1-2112965 for all RAN1 decisions on eIAB) on the ability for an IAB-node to optionally exchange some power control related information with a parent node to facilitate simultaneous operation of the IAB-MT and the IAB-DU. Specifically, three quantities can be communicated via MAC-CE:
· An IAB-node can indicate to a parent node a desired DL Tx power adjustment to reduce the received power level by the IAB-MT. The DL Tx power adjustment is applied only to PDSCH and its associated DMRS and PTRS.
· A parent node can indicate to an IAB-node an actual applied DL Tx power adjustment.
· An IAB-node can indicate to a parent node a desired UL Tx PSD range.
RAN1 has further agreed to seek guidance from RAN4 on the allowable range for the aforementioned three quantities.
ACTION: RAN1 would like to ask RAN4 to kindly consider providing a recommendation on the min and max values for the desired DL Tx power adjustment, the actual DL Tx power adjustment, and the desired UL Tx PSD range.



Another relevant agreement (RAN1 #107-e) in addition to the one referred to in the LS is
	Agreement
The indicated desired/provided DL TX power adjustment is in terms of a relative offset to the PDSCH a CSI-RS TX power that is RRC configured.



In this paper, we present our view on these ranges.
Discussion
Though the questions by RAN1 are asking for a TX power dynamic range, it relates to the simultaneous receiving as illustrated in Figure 1 below. For such operation, the PSD of the signal from parent IAB-DU and PSD of a signal from child IAB-MT should not differ too much; otherwise, the limited receiver dynamic range would cut/distort especially the lower PSD signal and prevent successful decoding. If the PSD dynamic range of received signal pair (S1, S2) exceeds the allowed dynamic range, then the TX power from either parent IAB-DU or child IAB-MT needs to be tuned and therefore the Tx power dynamic tuning range should be discussed in a second step. 
[bookmark: _Ref90301090]The PSD dynamic range limitation of the receiver RF requirements should be considered first. 


[bookmark: _Ref90054303]Figure 1: simultaneous receiving operation at IAB node (S1: Parent IAB, S2: child IAB)
The dynamic range of a receiver depends on RF receiver characteristic which is specified in TS 38.174. Though most of receiver requirements are similar between MT and DU, there are also discrepancies; for example, there is no in-channel selectivity requirement for IAB-MT and the interference and wanted signal is also different between IAB-MT and IAB-DU. But if the manufacture declares a shared architecture for IAB-MT and IAB-DU, the same receiver characteristic would apply both IAB-MT and IAB-DU. It should be clear that in the context of this LS, only the shared architecture should be assumed, the IAB-MT and IAB-DU signal received with the same transceiver.
[bookmark: _Ref90301101]Only MT/DU shared architecture of an IAB-node is valid in the context of the LS response.
The starting point to discuss an answer to the questions will be the PSD dynamic range that the IAB receiver could handle. In WF [2], it is agreed that there is no new requirement for the simultaneous receiving and listed as below. So, the PSD dynamic range should be discussed based on Rel-16 IAB specification.
From WF [2]:
RAN4 RF specification impact due to Simultaneous MT RX/DU RX for FDM operation
· No RF requirement impact for MT RX/DU RX simultaneous operation in FDM mode based on proper power control, which can ensure such operation mode will not be assumed to exceed legacy requirement (such as ACS, ICS.) 
[bookmark: _Ref90301131]PSD dynamic range for simultaneous receiving should be based on Rel-16 IAB receiver requirement.
In the LS, it does not mention whether the signals from parent and child IAB-node are on the same frequency (“in-band” operation) or different frequency (“out-of-band” operation). Therefore, we think there is a need to discuss both. 
For the “in-band” discussion, there is in-channel selection requirement in IAB-DU requirement. Though it is tested and assumed only for PUSCH receiving, it could apply to the mixed receiving of PDSCH and PUSCH considering the similar PAPR characteristic of these two signals. In TS 38.174, the in-channel selectivity requirements could be normalized with dBm/RB, so the PSD range could be derived from the clause 7.8.2 or clause 10.9.2 and clause 10.9.3. One example is in Table 1 below (5MHz channel is removed; IAB specification does not consider 5 MHz channel BW). From Table 1, it can be observed that the PSD difference (between wanted and interfering signal, last column) for different channel bandwidth and SCS configurations is around 20dB.  If considering the 3dB PAPR difference between DFT-OFDM signal (PUSCH) and CP-OFDM (PDSCH), roughly the PSD range around 17 dB (20 – 3 dB) would be fine for “in-band” operation for wide area IAB-DU receiver.
[bookmark: _Ref90301143]Around 17 dB PSD range could be tolerated for the in-band operation of simultaneous IAB-MT and IAB-DU receiving.

 





[bookmark: _Ref90471170]Table 1: PSD dynamic range derived from Wide Area IAB-DU in-channel selectivity

	IAB-DU channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signal
	wanted signal RB
	Wanted signal mean power (dBm/RB)
	inteference signal RB
	Interfering signal mean power (dBm/RB)
	PSD difference between wanted and intefering signal

	10,15,20,25,30
	15
	G-FR1-A1-1(25 RB)
	-98.7
	-77.4
	DFT-s-OFDM NR signal, 15 kHz SCS,
	25
	-100.098
	25
	-78.7979
	21.3

	40,50
	15
	G-FR1-A1-4 (106 RB)
	-92.3
	-71.4
	DFT-s-OFDM NR signal, 15 kHz SCS,
	106
	-94.3253
	100
	-73.4
	20.92531

	10,15,20,25,30
	30
	G-FR1-A1-2 (11 RB)
	-98.8
	-78.4
	DFT-s-OFDM NR signal, 30 kHz SCS,
	11
	-99.8414
	10
	-79.4
	20.44139

	40,50,60,70,80,90,100
	30
	G-FR1-A1-5 (51 RB)
	-92.6
	-71.4
	DFT-s-OFDM NR signal, 30 kHz SCS,
	51
	-94.3076
	50
	-73.099
	21.2086

	10,15,20,25,30
	60
	G-FR1-A1-9 (6 RB)
	-98.2
	-78.4
	DFT-s-OFDM NR signal, 60 kHz SCS,
	6
	-98.9782
	5
	-79.099
	19.87918

	40,50,60,70,80,90,100
	60
	G-FR1-A1-6 (24 RB)
	-92.7
	-71.6
	DFT-s-OFDM NR signal, 60 kHz SCS,
	24
	-94.0802
	24
	-72.9802
	21.1



For the case of assuming different carriers for the parent IAB-DU and child IAB-MT reception, the ACS of 45 dB for FR1 and ACS of 24 dB for FR2 could be considered for the PSD dynamic range consideration. The Adjacent channel selectivity (ACS) is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. The ACS requirement is testing the digital filter attenuation and not the RF dynamic range so it is good to use this to derive the allowed PSD dynamic range. The ACS is also a worst case  considering the interference carrier is adjacent to wanted signal. The IAB-MT receives a CP-OFDM format as interference signal. This presents a worse-case compared to a DFT-OFDM interference signal. Thus, deriving PSD dynamic range using IAB-MT is more appropriated. From Table 2, it can be observed that the PSD difference (last column) is related to the channel bandwidth and also the SCS. It ranges between 37 dB to 43 dB PSD for WA IAB-nodes in FR1. From Table 2 and Table 3, it can observed that the antenna element does not play a role for the PSD range but still relating to the SCS and channel BW.
[bookmark: _Ref90301153]Around 37 dB ~ 43 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA IAB-MT and WA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
[bookmark: _Ref90301164]Around 45 dB ~ 51 dB PSD range could be tolerated for the out-of-band operation of simultaneous LA IAB-MT and LA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
[bookmark: _Ref90301176]Around 24 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA/LA IAB-MT and WA/LA IAB-DU for type 2-O in FR2 receiving depending on the SCS and channel
[bookmark: _Ref90474562]Table 2: PSD dynamic range derived from IAB-MT (WA IAB type 1-H in FR1) ACS
	IAB-MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	Reference sensitivity power level, PREFSENS 
	P_REFSENS + 6 dB
	wanted signal # RB
	interference signal (WB IAB)
	interference signal # RB
	wanted signal PSD ( one RB)
	interference  signal PSD ( one RB)
	PSD difference 

	10, 15
	30
	G-FR1-A1-22 (Note 1)
	-102
	-96
	11
	-52
	25
	-97.0
	-53.4
	43.6

	10, 15
	60
	G-FR1-A1-23 (Note 1)
	-99
	-93
	11
	-52
	25
	-94.0
	-53.4
	40.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	30
	G-FR1-A1-25 (Note 1)
	-95.4
	-89.4
	51
	-52
	100
	-91.1
	-54.0
	37.1

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	60
	G-FR1-A1-26 (Note 1)
	-95.6
	-89.6
	24
	-52
	100
	-91.0
	-54.0
	37.0



[bookmark: _Ref90474685]Table 3: PSD dynamic range derived from IAB-MT (WA IAB type 1-O in FR1) ACS
	IAB-MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	EIS_minSens 
	EIS_minSens + 6 dB
	P_Refsens
	ΔminSENS
	wanted signal # RB
	interference signal (WB IAB)
	interference signal # RB
	wanted signal PSD ( one RB)
	interference  signal PSD ( one RB)
	PSD difference 

	10, 15
	30
	G-FR1-A1-22 (Note 1)
	-120
	-114
	-102
	18
	11
	-70
	25
	-115.0
	-71.4
	43.6

	10, 15
	60
	G-FR1-A1-23 (Note 1)
	-117
	-111
	-99
	18
	11
	-70
	25
	-112.0
	-71.4
	40.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	30
	G-FR1-A1-25 (Note 1)
	-113
	-107
	-95.4
	17.6
	51
	-69.6
	100
	-108.7
	-71.6
	37.1

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	60
	G-FR1-A1-26 (Note 1)
	-113
	-107
	-95.6
	17.4
	24
	-69.4
	100
	-108.4
	-71.4
	37.0




Table 4: PSD dynamic range derived from IAB-MT (WA IAB type 2-O in FR1) ACS
	IAB-MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	EISREFSENS_50M 
	wanted signal # RB
	EISREFSENS_50M + 26.7 + ΔFR2_REFSENS 
	interference signal # RB
	wanted signal PSD ( one RB)
	interference  signal PSD ( one RB)
	PSD difference 

	50, 100, 200
	60
	G-FR2-A1-21
	-113
	66
	-88.3
	64
	-114.8
	-90.1
	24.7

	50
	120
	G-FR2-A1-22
	-113
	32
	-88.3
	64
	-114.5
	-90.1
	24.4

	100, 200, 400
	120
	G-FR2-A1-23
	-110
	66
	-85.3
	64
	-111.8
	-87.1
	24.7




Table 5: PSD dynamic range derived from IAB-MT (LA IAB type 1-H in FR1) ACS
	IAB-MT channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	Reference sensitivity power level, PREFSENS 
	P_REFSENS + 6 dB
	wanted signal # RB
	interference signal (WB IAB)
	interference signal # RB
	wanted signal PSD ( one RB)
	interference  signal PSD ( one RB)
	PSD difference 

	10, 15
	30
	G-FR1-A1-22 (Note 1)
	-102
	-96
	11
	-44
	25
	-97.0
	-45.4
	51.6

	10, 15
	60
	G-FR1-A1-23 (Note 1)
	-99
	-93
	11
	-44
	25
	-94.0
	-45.4
	48.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	30
	G-FR1-A1-25 (Note 1)
	-95.4
	-89.4
	51
	-44
	100
	-91.1
	-46.0
	45.1

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	60
	G-FR1-A1-26 (Note 1)
	-95.6
	-89.6
	24
	-44
	100
	-91.0
	-46.0
	45.0




The Rel-16/17 IAB-node is considered to be a stationary installed network node and as such the allowed PSD range should be considered if the simultaneous operation would be allowed in the network planning. For the questions in LS:
Question #1: An IAB-node can indicate to a parent node a desired DL Tx power adjustment to reduce the received power level by the IAB-MT. The DL Tx power adjustment is applied only to PDSCH and its associated DMRS and PTRS.
This IAB-node could measure the received power signal S1 and signal S2 in Figure 1 separately before enabling the simultaneous operation. Thus, this IAB-node could derive the wanted total received power adjustment based on the three known parameters:
1. Tolerated PSD range as PSD_allowed as discussed above depending on different IAB type and SCS, and channel BW
2. Received signal level S1 as measured PSD_S1
3. Received signal level S2 as measured PSD_S2

For one example, the wanted total PSD adjustment of received power difference would be 
PSD_Tot_range= PSD_allowed – abs( PSD_S2 – PSD_S1)
It only need adjustment of PSD PSD_Tot_range < 0 meaning the received signal PSD level exceeding the tolerated PSD range. This PSD range could be converted to the desired TX power reduction with allocated # of RB.  And either parent IAB-DU or child IAB-MT or both could reduce the Tx power. If the parent node DL TX power adjustable range is PSD_Tx_parent, the expected/desired DL Tx power adjustment should not be larger than
Min ( PSD_Tx_parent, abs (PSD_Tot_range)) when PSD_Tot_range < 0
Answer: The indication to the parent node for the desired DL Tx power reductoin/PSD range should not be larger than the Min ( PSD_Tx_parent, abs (PSD_Tot_range)) when PSD_Tot_range < 0. The PSD_Tot_range is the difference between measured PSD receiving signal difference and the allowed PSD range for simultaneous receiving:
· Around 17 dB PSD range could be tolerated for the in-band operation
· Around 37 dB ~ 43 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA IAB-MT and WA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
· Around 45 dB ~ 51 dB PSD range could be tolerated for the out-of-band operation of simultaneous LA IAB-MT and LA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
· Around 24 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA/LA IAB-MT and WA/LA IAB-DU for type 2-O in FR2 receiving depending on the SCS and channel
P_Tx_parent is depending on the parent IAB-DU TX PSD dynamic range and relates to the answer of question#2. In case of this is not pre-known by IAB-node, this can be ignored.

Question #2: A parent node can indicate to an IAB-node an actual applied DL Tx power adjustment.
The hardware capability of a parent IAB-DU to adjust its DL TX PSD range will depend on its hardware capability. There is TX RE dynamic range requirement for IAB-DU type 1-H, 1-O but there is no corresponding one for type 2-O;
[bookmark: _Toc21127457][bookmark: _Toc29811663][bookmark: _Toc36817215][bookmark: _Toc37260131][bookmark: _Toc37267519][bookmark: _Toc44712121][bookmark: _Toc45893434][bookmark: _Toc53178161][bookmark: _Toc53178612][bookmark: _Toc61178838][bookmark: _Toc61179308][bookmark: _Toc67916604][bookmark: _Toc74663202][bookmark: _Toc82621742][bookmark: _Hlk503810786]6.3.2.1	General
The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,AC or Pmax,c,TABC) for a specified reference condition.
[bookmark: _Toc21127631][bookmark: _Toc29811840][bookmark: _Toc36817392][bookmark: _Toc37260314][bookmark: _Toc37267702][bookmark: _Toc44712305][bookmark: _Toc45893618][bookmark: _Toc53178338][bookmark: _Toc53178789][bookmark: _Toc61179027][bookmark: _Toc61179497][bookmark: _Toc67916793][bookmark: _Toc74663414][bookmark: _Toc82621955]9.4.2.1	General
The OTA RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,EIRP) for a specified reference condition.

Table 6.3.2.2-1: RE power control dynamic range
	Modulation scheme used
	RE power control dynamic range (dB)

	on the RE
	(down)
	(up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE:	The output power per carrier shall always be less or equal to the maximum output power of the base station.


 
This RE dynamic range is related to the modulation scheme and cannot be applied if only the IAB-MT traffic is used during the time slot as the RE dynamic range is relative to the average output power (Pmax,c,AC or Pmax,c,TABC or Pmax,c,EIRP).
[bookmark: _Ref90301207]Parent IAB-DU for type 1-H and 1-O could adjust the RE Tx DL power with -3 dB for 16QAM and 0 dB for 64 QAM when the average transmitted power is kept the same (Pmax,c,AC or Pmax,c,TABC or Pmax,c,EIRP)

Answer: Parent IAB-node for type 1-H and 1-O could adjust the RE Tx DL power with -6 dB for QPSk, -3 dB for 16QAM and 0 dB for 64 QAM when the average transmitted power is kept the same (Pmax,c,AC or Pmax,c,TABC or Pmax,c,EIRP)

Question#3: An IAB-node can indicate to a parent node a desired UL Tx PSD range.
The question is not so clear, maybe it is asking the UL TX PSD range from a child IAB-MT and this question is formulated standing on the child IAB node (Thus it is this IAB-node to notify the parent node with its UL TX PSD range as capability)
In Rel-16, the IAB-MT can adjust its PSD range with 5 dB for WA IAB-MT and 10 dB for LA IAB-MT. 


Child IAB-node could also reduce the UL TX power by below means:
1. Configure a larger channel BW 
2. Reduce the antenna array size 
However, these methods may need restart the IAB-node to take effect and thus cannot respond quickly with the MAC-CE command.
Answer: Child WA IAB-MT could adjust the UL TX PSD -5 dB and child LA IAB-MT could adjust the UL TX PSD -10dB.

Conclusions
In this paper, the LS response is analyzed with below observations and LS reply is suggest in Annex:
Observation 1 The PSD dynamic range limitation of the receiver RF requirements should be considered first.Observation 2
Observation 2 Only MT/DU shared architecture of an IAB-node is valid in the context of the LS response.
Observation 3 PSD dynamic range for simultaneous receiving should be based on Rel-16 IAB receiver requirement.
Observation 4 Around 17 dB PSD range could be tolerated for the in-band operation of simultaneous IAB-MT and IAB-DU receiving.
Observation 5 Around 37 dB ~ 43 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA IAB-MT and WA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
Observation 6  Around 45 dB ~ 51 dB PSD range could be tolerated for the out-of-band operation of simultaneous LA IAB-MT and LA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
Observation 7 Around 24 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA/LA IAB-MT and WA/LA IAB-DU for type 2-O in FR2 receiving depending on the SCS and channel
Observation 8 Parent IAB-DU for type 1-H and 1-O could adjust the RE Tx DL power with -3 dB for 16QAM and 0 dB for 64 QAM when the average transmitted power is kept the same (Pmax,c,AC or Pmax,c,TABC or Pmax,c,EIRP)
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1. Overall Description: 
RAN4 has below answers for the questions below.
· Question #1: An IAB-node can indicate to a parent node a desired DL Tx power adjustment to reduce the received power level by the IAB-MT. The DL Tx power adjustment is applied only to PDSCH and its associated DMRS and PTRS.
Answer: 
The indication to the parent node for the desired DL Tx power should not be larger than the Min ( PSD_Tx_parent, abs (PSD_Tot_range)) when PSD_Tot_range < 0. The P_Tot_range is the difference between measured PSD receiving signal difference and the allowed PSD range for simultaneous receiving:
· Around 17 dB PSD range could be tolerated for the in-band operation
· Around 37 dB ~ 43 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA IAB-MT and WA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
· Around 45 dB ~ 51 dB PSD range could be tolerated for the out-of-band operation of simultaneous LA IAB-MT and LA IAB-DU for type 1-H and 1-O in FR1 receiving depending on the SCS and channel BW.
· Around 24 dB PSD range could be tolerated for the out-of-band operation of simultaneous WA/LA IAB-MT and WA/LA IAB-DU for type 2-O in FR2 receiving depending on the SCS and channel
P_Tx_parent is depending on the parent IAB-DU TX PSD dynamic range and relates to the answer of question#2. In case of this is not pre-known by IAB-node, this can be ignored. 
Question #2: A parent node can indicate to an IAB-node an actual applied DL Tx power adjustment.
Answer: Parent IAB-node for type 1-H and 1-O could adjust the RE Tx DL power with -6 dB for QPSk, -3 dB for 16QAM and 0 dB for 64 QAM when the average transmitted power is kept the same (Pmax,c,AC or Pmax,c,TABC or Pmax,c,EIRP)
Question#3: An IAB-node can indicate to a parent node a desired UL Tx PSD range.
Answer: Child WA IAB-MT could adjust the UL TX PSD -5 dB and child LA IAB-MT could adjust the UL TX PSD -10dB.

2. Actions:
To RAN WG1 group.
ACTION: 	RAN1 kindly consider above answer and provide any further question at RAN4 meeting below.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #102-e                                     21 February-03 March 2022,  Electronic Meeting
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