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1 Introduction
In RAN4#94e when reviewing the TP for the system block diagrams and reference points [1] it was agree to leave the minimum number of transmitters for the FR1 OTA IAB-MT as FFS, however as the IAB-DU was left with the same minimum level as the BS i.e. 8.
In the last meeting RAN4#94bis the limit was discusses and it was extended to the implications on OTA emissions scaling.
In the WF [2] the following options were agreed:
For 1-O, minimum limit of number of TRX for ITA IAB-MT
-	Option 1: limitation is 4
-	Option 2: limitation is 8
This paper further discusses the issues.
2 Discussion
2.1 Background
The minimum number of transmitters in the BS type 1-O definitions was introduced to avoid the scaling factor that is used in the BS type 1-H emissions scaling. This was for 2 main reasons:
The requirements could be represented by a single number which required no scaling based on the number of TRX
In 1-H systems because there are physical connectors the number of TRX can be equated to the number of connectors (capable of creating an independent modulated signal). However for an OTA system it is not as easy to identify the number of TRX, having a minimum simplified this.
The scaling factor for BS type 1-H is defined as follows:
The number of active transmitter units that are considered when calculating the conducted TX emissions limits (NTXU,counted) for BS type 1-H is calculated as follows:
	NTXU,counted = min(NTXU,active , 8×Ncells)
NTXU,countedpercell is used for scaling of basic limits and is derived as NTXU,countedpercell = NTXU,counted / Ncells
The Ncells parameter is introduced for BS which are designed to cover multiple cells, this is not needed in te OTA requirements as they are defined per cell rather than at the connectors.
So for the purposes of this discussion the scaling can be thought of as:
	N = min(NTXU,active , 8)
For a system with 8 or more TRX the 1-H and the 1-O requirements are the same.
The scaling is used on the upper power limits for the BS classes, for example:
Table 6.2.1-2: BS type 1-H rated output power limits for BS classes
	BS class
	Prated,c,sys
	Prated,c,TABC

	Wide Area BS
	(Note)
	(Note)

	Medium Range BS
	≤ 38 dBm +10log(NTXU,counted)
	≤ 38 dBm

	Local Area BS
	≤ 24 dBm +10log(NTXU,counted)
	≤ 24 dBm

	NOTE:	There is no upper limit for the Prated,c,sys or Prated,c,TABC of the Wide Area Base Station.



And for the 1-O BS
Table 9.3.1-1: BS rated carrier TRP output power limits for BS type 1-O
	BS class
	Prated,c,TRP

	Wide Area BS
	(note)

	Medium Range BS
	≤ + 47 dBm

	Local Area BS
	≤ + 33 dBm

	NOTE:	There is no upper limit for the Prated,c,TRP of the Wide Area Base Station.



For the local area BS: 24 + 10*log10(8) = 33dBm
The unwanted emissions, for example UEM, the are scaled in the same way. For 1-H:
The operating band unwanted emissions requirements for BS type 1-H are that for each TAB connector TX min cell group and each applicable basic limit in clause 6.6.4.2, the power summation emissions at the TAB connectors of the TAB connector TX min cell group shall not exceed a BS limit specified as the basic limit + X, where X = 10log10(NTXU,countedpercell).
And for 1-O
The OTA operating band unwanted emission requirement for BS type 1-O is that for each applicable basic limit in clause 6.6.4.2, the power of any unwanted emission shall not exceed an OTA limit specified as the basic limit + X, where X = 9 dB.
Where the basic limit is defined (for example):
Table 6.6.4.2.1-1: Wide Area BS operating band unwanted emission limits 
(NR bands below 1 GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Basic limits (Note 1, 2)
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	[image: ]
	100 kHz 

	5 MHz  f <
min(10 MHz, fmax)
	5.05 MHz  f_offset <
min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax 
	-13 dBm (Note 3)
	100 kHz 

	NOTE 1:	For a BS supporting non-contiguous spectrum operation within any operating band, the emission limits within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the emission limits within sub-block gaps shall be -13 dBm/100 kHz.
NOTE 2:	For a multi-band connector with Inter RF Bandwidth gap < 2*ΔfOBUE the emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap.
NOTE 3:	The requirement is not applicable when fmax < 10 MHz.



2.2	IAB-MT scaling
There are 2 issues raised:
1) What is a reasonable minimum number of TRX for an 1-O IAB-MT 
2) What should be the scaling ceiling for the IAB-MT

The scaling is introduced to align an AAS emissions which are defined for the complete system with that of a non-AAS system which are defined per TRX. The AAS emissions requirement was set to be no worse than a non-AAS system with equivalent functionality
The limit of 8 was introduced as it was seen as the maximum number of MIMO layers and hence the maximum reasonable number of non-AAS TRX’s a single installation may consist of.
In EU regulation for emissions in ERC recommendation 74-01 the argument for scaling out of operating band (i.e. spurious emissions) emissions has been rejected so cannot be applied. But in band scaling is still applied in most cases. Also 3GPP to 3GPP requirements such as co-existence and co-location which provide greater levels of protection then regulation requires also apply scaling.
The IAB-MT operates in the UL (and possibly the DL) so is in some ways comparable to a UE, but its deployment and RF front end requirements are more like as BS. AS such it is difficult to conclude how the concept of “equivalence” should be applied.
· For non-synchronised emissions (i.e. out of band) the UL or DL does not matter, as the IAB-MT is deployed like as BS then it should not need tougher emissions requirements so the scaling can be the same as the BS.
· For requirements inside the operating band 3GPP can makes its own decisions based on the optimum system performance.
· A UE has maximum 4 MIMO layers, but it is also likely to have only 4 TRX, the IAB-MT in most cases will have significantly greater number of TRX.
· The transmit power for the IAB-MT would be expected to be the same as that for the IAB-Di if the link were to be balanced – hence the mas transmit power limit for local area IAB-MT should be the same as that for IAB-DU
· The in-band noise from a BS interferes with other UE’s using adjacent channels. UE to BS minimum distances are much smaller than BS-BS minimum distances. An IAB-MT using the UL will have UEM interference to other BS, as these are more distant that UE’s the IAB-MT should not need lower emissions than a BS.
· Noise in an adjacent channel from the UE is -13dBm, this represents an interference level at the BS based on minimum distance of:
· For WA 35m (at 2GHz):	

· For LA 2m (at 2GHz):	

· If the scaled BS emissions levels are used and we make some assumptions on min distance between IAB-MT and BS – based on the previous discussion and the simulated parameters. WA IAB-MT to BS min distance is approx. 200m, LA IAB-MT to BS is 20m.
· For WA 200m (at 2GHz):	

· For LA 20m (at 2GHz):	

· The in band adjacent channel noise from the IAB-MT to the BS is significantly less than that form a UE even if the IAB-MT uses the BS scaling
· An IAB-MT transmitting in the DL is still a valid use case, in such cases it would be expected to have equivalent emissions to the BS.

Considering the above it seems reasonable to apply the same emissions requirements to the IAB-MT as we apply to the BS as such the scaling upper limit should be maintained at 8.
Proposal 1: the scaling upper limit should be the same as the BS (i.e. 8)
The minimum number of TRX options are 8 or 4, either of these are constant with the scaling limit as proposed (1-H has no minimum number of TRX but still has a upper scaling limit of 8).
We think that particularly for the LA IAB-MT it is possible that a very simple system with a low number of TRX may be useful and as such the minimum limit of 4 is preferable. Of course if there are only 4 TRX then the scaling should be restricted to 4.
	Proposal 2: the minimum number of TRX is 4
	Proposal 3: The scaling factor is N = min(NTXU,active , 8)
3 Summary
This paper has looked at the scaling factor for the wanted an unwanted emissions for the IAB-MT, the scaled emissions have been considered in 3 areas
Wanted power levels - in general as the IAB-MT is deployed like as BS it should have the same wanted power limits as a BS, 
Unwanted emissions which are assumed unsynchronised (i.e. out of the operating band) – in this case it does not matter if the TRX is using UL or DL, 
Unwanted emissions inside the operating band due to the deployment limitations the scaled BS emissions generate less interference than the UE emission so once again the BS emission are appropriate.
Hence the following proposal gave been made.
Proposal 1: the scaling upper limit should be the same as the BS (i.e. 8)
	Proposal 2: the minimum number of TRX is 4
	Proposal 3: The scaling factor is N = min(NTXU,active , 8)
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