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1. Introduction
In the Way Forward document [1] from RAN4#101-e following agreements still include some parts as FFS in FR2:Outside passband ACLR
In the DL there is a tentative agreement
ACLR requirement as gNB still apply for repeater’s DL outside-passband ACLR for each class respectively. Here the ACLR include the relative ACLR and absolute ACLR.
The radiated decision will be made once agreement has been made for conducted in topic [306]
In the UL there is a tentative Agreement
For an UL class with no power limit, apply the BS ACLR requirement. For an UL class with a power limit based on one of the UE classes, apply the UE ACLR.
The radiated decision will be made once agreement has been made for conducted in topic [306]
For CACLR requirement the radiated agreement will follow the conducted decision also (if radiated specific issues are raised these can be further discussed)
OBUE 
Agreement
· In the DL apply the BS OBUE requirement for repeaters outside the passband
· In the UL BS OBUE applies for UL class with no power limit (wide area UL transmission) outside the passband
· UL class with power limit (local area UL transmission) has an OBUE requirement outside the passband, further discuss the appropriate requirement rom the following options:
· BS OBUE requirement
· UE SEM requirement
· Something else
· Provision for limitations to the requirement due to noise floor to be considered.
· For in-band OBUE the conducted discussion has the following captured:
· FFS whether inside passband OBUE requirements or other requirements needed for DL and UL for the case with non-full passband transmission
· The same applies to the radiated repeater and the decision on radiated will follow the conducted discussion.


In addition the WF for conducted RF requirements [2] contain some agreements which should be aligned with FR2:Spurious emissions
Additional regional emission requirements as in UE spec should be [defined in repeater spec] or [declared by vendor to compliant with regional requirements]. 
· No A-MPR requirement is required for repeater.
· FFS Whether to define NS signaling.
· FFS whether would the manufacturer declare one power level for general requirements and another level for more stringent requirement


Building on top of these and earlier agreements, in this contribution we further elaborate on how unwanted emissions would be reasonable to specify for NR repeaters. 
2. Discussion
In previous meeting it was agreed that ACLR would be defined only outside passband. Given the baseline assumption that within the passband all signals belong to same or collaborating operators, relaxing emission requirements within passband would impact only own system. Still, RAN4 should also guarantee sufficient system performance also for own system. It can be considered that EVM requirements cover part of that, but removing all emission requirements might be too risky. 

Good starting point for discussion would be to keep at least OBUE requirements also within passband. This would set a limit for emissions within passband, and would limit interference between UEs connected via the repeater and UEs connected directly to base station. UE in-band emissions can be taken as starting point for this requirement, but they need to be adapted to fit repeater use cases and behavior, e.g. taking into account that repeater is not generating the signals but only forwarding them.

Proposal 1: At least OBUE requirements are specified inside passband, to be met within resource blocks which are not allocated.

Proposal 2: UE in-band emission requirements are adapted to be used for repeaters.  

The UE in-band emission requirements are shown in Table 1. IQ-image and carrier leakage requirements would not be necessary for repeaters, as frequency conversion is not expected to take place in the repeater. For the general requirement, the part containing EVM can be removed as repeater emission performance is not expected to be dependent on modulation order, which repeater is not even aware of. The table with these adaptations is shown in table 2, where also the notes within the table have been modified to contain only the relevant parts.
Table 1: Requirements for UE in-band emissions for PC2
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Output power > 16 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 16 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 6 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 6 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	DRB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. DRB = 1 or DRB = -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.



Table 2: Proposed in-band emissions for repeaters
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated (NOTE 2)

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB). is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 6:	LCRB is the Transmission Bandwidth 
NOTE 7:	NRB is the Transmission Bandwidth Configuration 
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. 




Proposal 3: Take requirements shown in Table 2 as starting point for repeater emission requirements within passband.

The WF in [1] concluded that absolute maximum power requirement could be defined, and it should be noted that the formula in table 2 coud be used to calculate such absolute limit with some assumed output power, e.g. 55 dBm EIRP for local area and 60 dBm EIRP for wide area.

Observation 1: The formula in Table 2 can be used to derive a single absolute maximum power limit to be used.

For uplink out-of-band emissions specific care needs to be put in the numerous additional emission requirements specified in UE specifications. These requirements typically originate from local regulations and are combined with NS-signalling. UEs which do not understand NS signalling are not allowed to camp on the cell according to RAN2 specification. Introducing repeaters into the network should not increase emissions into the protected frequency ranges, and therefore repeaters should meet the same emission requirements as UEs. NS signaling does not need to be specified as additional emission requirements can be specified as regional requirements. MPR or A-MPR is not needed for repeaters as manufacturer can freely declare the output power. Also different output power declarations are not needed.

Proposal 4: RAN4 needs to set requirements guaranteeing that additional UL emission requirements are met.

Proposal 5: Additional emissions requirements are defined as regional requirements without any corresponding NS-signalling for repeaters.

Proposal 6: MPR and A-MPR is not defined for repeaters.

Proposal 7: No separate output power declarations are allowed based on emission requirements. 

When the text proposal covering emission requirements were being drafted open issues requiring further discussion were identified. For BS and IAB ACLR and CACLR requirements are defined based on channel bandwidth, and also the gap sizes where the requirement applies depend on channel bandwidth. As channel bandwidth is not defined for repeaters, the same method is not straightforward to be used. There are different ways to solve this. For example, instead of channel bandwidth the passband bandwidth could be used. However, as passband can be a lot wider than any used channel bandwidth, there is risk that the meaning of the requirement changes. Another option could be to define a “nominal channel bandwidth” which is used to define repeater requirements. This could be 800 MHz for FR2 operation, and ACLR/CACLR requirements would be defined and verified using this nominal channel bandwidth.
In similar manner OBUE requirements are defined based on contiguous transmission bandwidth. Therefore also for OBUE it needs to be agreed whether to use passband bandwidth or separately defined nominal bandwidth.
In addition, it was noticed that there is no agreement whether same OBUE and absolute ACLR requirements apply for both DL and UL.
Proposal 8: RAN4 to discuss whether to replace channel bandwidth and/or contiguous transmission bandwidth with passband bandwidth or define a nominal channel bandwidth which is used to define repeater ACLR/CACLR and OBUE requirements.
Proposal 9: RAN4 to confirm whether same OBUE and absolute ACLR requirements apply for both DL and UL
3. Conclusion
In this contribution conducted repeater emission requirements were discussed and following observations proposals were made:
Proposal 1: At least OBUE requirements are specified inside passband, to be met within resource blocks which are not allocated.

Proposal 2: UE in-band emission requirements are adapted to be used for repeaters.  

Proposal 3: Take requirements shown in Table 2 as starting point for repeater emission requirements within passband.

Observation 1: The formula in Table 2 can be used to derive a single absolute maximum power limit to be used.

Proposal 4: RAN4 needs to set requirements guaranteeing that additional UL emission requirements are met.

Proposal 5: Additional emissions requirements are defined as regional requirements without any corresponding NS-signalling for repeaters.

Proposal 6: MPR and A-MPR is not defined for repeaters.

Proposal 7: No separate output power declarations are allowed based on emission requirements. 
Proposal 8: RAN4 to discuss whether to replace channel bandwidth and/or contiguous transmission bandwidth with passband bandwidth or define a nominal channel bandwidth which is used to define repeater ACLR/CACLR and OBUE requirements.
Proposal 9: RAN4 to confirm whether same OBUE and absolute ACLR requirements apply for both DL and UL
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