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1 Introduction

During RAN4#98bis-e, there was some further discussion on emissions requirements for FR1. This contribution analyzes further the unwanted emissions and makes proposals on how to set requirements to ensure inter-operator co-existence.
2 Discussion
2.1 Downlink emissions
BS and UE emissions requirements consist of in-band and spurious emissions. For the BS, in-band emissions consist of ACLR and operating band unwanted emissions (OBUE). As discussed in previous contributions [1, 2], meeting OBUE only is insufficient to ensure co-existence to adjacent operators.

The WF from RAN4#98bis-e included as an issue to consider whether emissions limits need to be assessed by means of simulations for repeaters or BS/UE limits can be applied. For the downlink, we think it is reasonable to assume that in each deployment scenario, the repeaters will have similar antenna patterns to those assumed for BS in co-existence studies. In this case, it can be assumed that co-existence properties are similar and ACLR limits for BS can be applied.
Proposal 1: Assume that for DL, the emissions limit needed to mitigate inter-operator co-existence can be based on the BS ACLR limits.
In the BS specifications, ACLR is defined using a relative requirement and an absolute requirement. The absolute requirement is applicable when the BS TX power is low, and the relative requirement would be too stringent. Defining a relative requirement for repeaters is problematic. One approach to the issue is to define an absolute requirement based on the largest permitted output power for each class. For the MR and LA classes, this would represent what a BS meeting the power limit would emit in terms of emissions. For a WA class there is no output power limit, but a per-carrier output power of 43dBm may be reasonable to assume.

Proposal 2: Define an absolute limit on repeater emissions corresponding to the BS emissions when the BS output power is 24dBm, 38dBm and 43dBm for LA, MR, WA respectively.

ACLR is defined over the whole adjacent channel bandwidth whereas OBUE is defined on a more granular basis. For achieving the overall ACLR target, either the OBUE could be scaled such that the sum over the adjacent channel would equal the absolute limit on ACLR, or the absolute ACLR could be defined separately over the adjacent bandwidth. Scaling the OBUE would be potentially more stringent that defining ACLR over the whole bandwidth, in particular for emissions close to the carrier. In our view, it is preferable to separately set a requirement on emissions over the whole adjacent carrier.
Proposal 3: Set a requirement, separate to OBUE, on total emissions over the whole of the adjacent carrier.

Based on proposals 2 and 3, the emissions limit over the adjacent carrier would be as follows:

	BS class
	TX power limit per carrier
	Total unwanted emissions limit over adjacent carrier

	Local area
	24 dBm
	-21 dBm

	Medium range
	38 dBm
	-7 dBm

	Wide area
	No limit, but 43dBm assumed for calculating emissions limit
	-2 dBm


Similar to output power, there is a need to relate the per-carrier adjacent channel emissions to the repeater passband. If the passband is the size of one carrier, then the assignment is trivial. However, it may be the case that the passband includes several carriers. The carrier configuration depends on the gNB and UEs, not the repeater so definition of a carrier for the purposes of the emissions requirement is difficult.
Co-existence simulations generally assume the same carrier bandwidth for the aggressor and victim networks.

For the output power, we propose in [3] that the output power is based on assuming a 10MHz carrier for FDD and 40MHz carrier for TDD. These are the CBW used for defining the UE demodulation requirements and can be viewed as typical bandwidths in the middle of the range of likely bandwidths. For the emissions requirement, we propose that the same assumptions are used for adjacent channel bandwidth; 10MHz for FDD or 40MHz for TDD.

Proposal 4: Assume the adjacent channel bandwidth to be 10MHz for FDD or 40MHz for TDD.

In the BS specification there may be non-adjacent carriers. Between non-adjacent carriers the concept of cumulative ACLR (CACLR) is introduced. For the repeater specification, it should be discussed further whether there is a need to consider the possibility of non-adjacent passbands and an inter-passband CALCR.

Proposal 5: Discuss further whether CALCR for non-adjacent passbands is needed

It should be noted that the emissions limits in the table above are greater than the BS absolute ACLR limits for a 10MHz FDD carrier, but for a 40MHz TDD carrier for the LA and WA BS classes the limit in the table is around 3dB more strict than if the BS absolute ACLR would be applied. Making exceptions for two of the 3 classes for TDD seems rather messy though, and so it may be preferable to keep a uniform table. 

Proposal 6: Discuss whether, if 40MHz adjacent channel carrier is assumed for TDD, the adjacent channel emissions limits should be adjusted for the LA and WA class to align exactly to the BS spec or it is preferable to consistently use the limits in the above table in all cases.
Regarding spurious emissions, one open question is whether receiver spurious emissions should be defined for TDD operation. For an integrated repeater with both transmitter and receiver then there will anyhow always be a transmitter active when one part of the repeater is receiving. However, in some cases repeaters may not be integrated and two sections of the repeater may be in different positions. In this case, each section may emit receiver emissions when in receive mode. To cover for the non-integrated case, it may be useful to define receiver spurious emissions requirements.
Proposal 7: Apply receiver spurious emissions requirements

2.2 Uplink emissions

UE uplink unwanted emissions are regulated by ACLR and SEM. As indicated in [1,2], the BS OBUE limits are more than 15dB insufficient to ensure the same uplink co-existence properties as UEs.
The needed level of UL ACLR may depend on the repeater antenna pattern. If we would take as an assumption that the repeater should achieve the same amount of adjacent channel emissions as a UE meeting ACLR, then the absolute adjacent channel emissions levels should be as below

	UE power
	ACLR
	Total power in adjacent channel

	31 dBm
	31 dB
	0 dBm

	26 dBm
	31 dB
	-5 dBm

	23 dBm
	30 dB
	-7 dBm


Only the 23dBm UE is included for all bands, and so this kind of UE and the -7dBm limit should be considered as the baseline. This limit is the same as a medium range BS.
In some circumstances, a more powerful repeater in uplink may be deployable if it is planned and positioned carefully by the operator and has a directional antenna. In this case, a higher power and higher emissions may be acceptable, although further study is needed.

With similar reasoning to the downlink, we propose that for UL a requirement is set on the total unwanted emissions over the adjacent channel.

Proposal 8: Assume -7dBm as the baseline for total UL adjacent channel emissions for the repeater.

Proposal 9: Study further whether, via different UL classes, for some repeaters a greater emissions limit may be acceptable for planned/directional repeaters.

Similar to the DL, 10MHz for FDD and 40MHz for TDD could be assumed as the width of the adjacent channel.

Proposal 10: Assume 10MHz (FDD) and 40MHz (TDD) for the width of the UL adjacent channel.

The UE spectrum emissions mask is depicted in comparison with the category A and category B BS OBUE masks in the figure below.
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The figure shows that the UE SEM is more stringent than the category B BS OBUE for the first approximately 500kHz from the carrier edge. It is more stringent than the category A BS mask for all frequency offsets. Thus, in order to provide the same protection as a UE, a repeater would need to meet the UE SEM in the uplink.

Proposal 11: Consider applying UE SEM for UL transmissions in order to achieve the same protection as a UE.

For the additional NS related emissions values; the applicability of these is on a regional level and should be considered in the repeater specification. Since a repeater is a piece of network equipment and will not move between regions, there is no need to receive or apply NS signalling.

Proposal 12: Discuss how to interpret and apply additional spectrum emissions mask requirements for UL.

3 Conclusion

Proposal 1: Assume that for DL, the emissions limit needed to mitigate inter-operator co-existence can be based on the BS ACLR limits.
Proposal 2: Define an absolute limit on repeater emissions corresponding to the BS emissions when the BS output power is 24dBm, 38dBm and 43dBm for LA, MR, WA respectively.

Proposal 3: Set a requirement, separate to OBUE, on total emissions over the whole of the adjacent carrier.

Proposal 4: Assume the adjacent channel bandwidth to be 10MHz for FDD or 40MHz for TDD.

Proposal 5: Discuss further whether CALCR for non-adjacent passbands is needed

Proposal 6: Discuss whether, if 40MHz adjacent channel carrier is assumed for TDD, the adjacent channel emissions limits should be adjusted for the LA and WA class to align exactly to the BS spec.
Proposal 7: Apply receiver spurious emissions requirements

Proposal 8: Assume -7dBm as the baseline for total UL adjacent channel emissions for the repeater.

Proposal 9: Study further whether, via different UL classes, for some repeaters a greater emissions limit may be acceptable.

Proposal 10: Assume 10MHz (FDD) and 40MHz (TDD) for the width of the UL adjacent channel.

Proposal 11: Consider applying UE SEM for UL transmissions in order to achieve the same protection as a UE.

Proposal 12: Discuss how to interpret and apply additional spectrum emissions mask requirements for UL.

4 References

[1] Ericsson, “Conducted unwanted emissions”, R4-2102110, RAN4#98-e, February 2021
[2] Ericsson, “Conducted unwanted emissions requirements for repeaters”, R4-2104669, RAN4#98bis-e, April 2021

[3] Ericsson, “Repeater conducted TX power requirements”, R4-2110735, RAN4#99-e, May 2021

1/2


