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1. Introduction
In the Way Forward document [1] from RAN4#100-e following was agreed for FR1:DL ACLR
Agreements:
The baseline assumption for specifying RAN4 requirements that: the passband should only contain carriers from the same operator or collaborating operators.  This assumption also will be included into pass band definition.
Agreement: Further discuss the inside and outside cases for potential ACLR requirements with following aspect:
· Co-existence on adjacent channel within and outside of pass-band
· Achievable performance considering repeater implementation
· If requirements specified for inside of pass band, the requirements maybe be relaxed compared to BS ACLR
DL ACLR will be decided in next meeting to consider the following aspects,
· Whether ACLR will be defined separately inside and outside pass band.
· Define OBUE instead of ACLR inside pass band is an option to be considered.
· What’s the expected DL ACLR performance at maximum output power.
· How to define the exact requirements.
UL ACLR
Agreements:
· For repeater with output power higher than [UE maximum output power under existing PCs], UL ACLR should be aligned with BS spec. 
· For repeater with output power equal to or less than UE power class, UL ACLR should be aligned with corresponding UE ACLR requirements.
· Test issue can be further discussed and addressed under conformance phase.
The following aspects will be discussed and decided in next meeting,
· Whether UL ACLR will be defined separately inside and outside pass band.





OBUE
WF:
· OBUE will be defined for both DL and UL whether ACLR is defined or not.
· Reuse BS OBUE requirement for DL at least outside pass band(s). FFS the requirements for inside pass band.
· FFS UL OBUE.


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
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. Thus, as discussed in [2] if the signal power is lower, for example if the signal power is in the scale of noise power, then the ACLR cannot be measured.
The operating band unwanted emission (OBUE) is defined as the maximum power that the transmitter (e.g., BS or IAB) can transmit within a predefined bandwidth that ranges within a certain offset from the centre frequency. 
As ACLR measurement bandwidth is the full adjacent channel, ACLR requirement does not care about the spectrum shape. OBUE measurement bandwidth is traditionally 1 MHz or less, and therefore OBUE limits the maximum level of narrowband peaks in the spectrum. Therefore ACLR and OBUE requirements are complementary working together to limit different kinds of emissions.
Based on the above definitions, it is worth noting that the ACLR is defined relative to the desired signal power level, and hence, if the desired power level is low it is not possible to obtain a meaningful ACLR level as instead of emissions the amplified thermal noise will be measured. On the other hand, OBUE defines a maximum threshold or an upper bound to limit the unwanted transmissions in the adjacent bands and does not depend on the desired signal power levels. In case of repeaters, it is not always meaningful to use a parameter which is dependent on the wanted signal power level to measure the unwanted emissions in the adjacent bands. Instead of ACLR, the OBUE can be used as it is simply a threshold, which is independent and act as an upper bound to limit the emissions.  
[bookmark: _Ref67750587]Observation 1: As relative ACLR depends on the desired signal power, it may not be measurable if the desired signal power is very low or if it is in the scale of noise power level. This needs to be considered in performance part of the work.
[bookmark: _Ref67750598]Observation 2: OBUE is an upper bound, which is independent on the signal power level, defined to limit the unwanted emissions in the adjacent bands. 
On the other hand, for lower output power especially in uplink direction, although spectrum mask and spurious emission can be met, ACLR is still required to make sure neighboring channel is not disturbed.  For beam forming with large number of antenna elements, the coupling between antennas could be a problem causing intermodulation between power amplifiers, which will results in worse ACLR. Therefore, we see that ACLR is necessary to specify. However, it should be further discussed in performance part whether it can be verified.
For BS or IAB operating in non-contiguous spectrum, cumulative ACLR (CACLR) is used to measure unwanted emissions in the adjacent bands and aligned with earlier observation it will not be a suitable metric either. CACLR and ACLR requirements should follow the same principles.
[bookmark: _Hlk67834416][bookmark: _Ref67779674]Observation 3: Same principles in setting the requirement can be applied for ACLR and CACLR. 
Furthermore, we think that the baseline of the emission levels should be set based on gNB emission levels, i.e. 45 dBc ACLR, and the limit should be the same both for UL and DL transmissions. This will mean the in UL the limit will be more stringent than UE limit, but on the other hand also expected maximum repeater output power is higher than maximum power class 3 UE transmission power. In case UL output power is limited to UE output power, UE requirements can apply, however in this comparison also antenna gains should be considered..
Proposal 1: Adopt BS OBUE and ACLR requirements outside passband for DL operation to guarantee similar co-existence towards other operators as BS.
Proposal 2: In case UL output power is higher than UE output power, UL ACLR needs to align with DL ACLR. Antenna gain should be taken into account in the comparison.

In previous meeting one contentious point was whether ACLR is 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 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 an absolute limit for emissions within passband, while relaxing the requirement compared to relative ACLR.

Proposal 3: At least OBUE requirements are specified inside passband. 

As repeater is a network node designed to support specific frequency range, it generally is reasonable to use OBUE approach for UL emissions instead of the carrier centric approach used in UE specifications. 

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.

Proposal 4: OBUE requirements are defined for UL. 

Proposal 5: RAN4 needs to set requirements guaranteeing that additional UL emission requirements are met.
3. Conclusion
In this contribution conducted repeater emission requirements were discussed and following observations proposals were made:
Observation 1: As relative ACLR depends on the desired signal power, it may not be measurable if the desired signal power is very low or if it is in the scale of noise power level. This needs to be considered in performance part of the work.
Observation 2: OBUE is an upper bound, which is independent on the signal power level, defined to limit the unwanted emissions in the adjacent bands. 
Observation 3: Same principles in setting the requirement can be applied for ACLR and CACLR. 
Proposal 1: Adopt BS OBUE and ACLR requirements outside passband for DL operation to guarantee similar co-existence towards other operators as BS.
Proposal 2: In case UL output power is higher than UE output power, UL ACLR needs to align with DL ACLR. Antenna gain should be taken into account in the comparison.

Proposal 3: At least OBUE requirements are specified inside passband. 

Proposal 4: OBUE requirements are defined for UL. 

Proposal 5: RAN4 needs to set requirements guaranteeing that additional UL emission requirements are met.
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