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1 Introduction

During RAN#90-e, a WI was approved relating to development of repeater specifications for NR [1]. The WI scope includes development of FR1 FDD specifications as well as consideration of TDD specifications for FR1 and FR2.

The agenda for the current meeting splits between radiated and conducted requirements. The WI scope indicates that, currently at least, requirements are assumed to be conducted for FR1. For FR2, requirements are by necessity radiated. This contribution considers both FDD and TDD requirements for FR1, which will be conducted. In particular, unwanted emissions requirements are considered.
2 FDD considerations
For E-UTRA, 36.104 contains repeater requirements. There is no FDD IAB specification. 36.104 specifies the BS operating band unwanted emissions masks and the spurious emissions requirements. Unlike the BS and UE specifications, neither a relative nor an absolute ACLR is specified. The applicable operating band unwanted emissions mask depends on the applicable region. Unlike the BS specification, the wide area OBUE mask is applied regardless of the deployment scenario. The consequences of applying only the BS OBUE mask are as follows:
Figure 1 depicts the BS wide area Category A and Category B (option 2) OBUE masks and the UE spectrum emissions mask. The figure indicates that the BS category A mask is around 6-8dB less stringent than the category B and UE masks. In general, the BS category B option 2 mask is more stringent than the UE mask, apart from in the first 500kHz. For bandwidths of 10MHz or greater, the first 500kHz will fall into the guard band.
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Figure 1: OBUE and SEM for BS Cat. A and Cat. B option 1 and UE
Figure 2 depicts the adjacent channel power in a 10MHz channel if the Category A, Category B (option 2) masks are followed and also the adjacent channel power allowed for a 43dBm BS applying the BS ACLR and a UE applying the UE ACLR.
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Figure 2: Adjacent channel power emitted by (i) 46dBm BS meeting ACLR, (ii) repeater meeting either Cat. A, Cat. B or UE emissions mask only and (iii) UE meeting ACLR
For the downlink, if the OBUE mask is applied on its own then the unwanted emissions will exceed those of a BS meeting the ACLR limit, especially in the case of the category A mask.

Observation 1: Applying only the wide area OBUE mask in downlink means that repeaters create more adjacent channel interference than basestations by 2dB for Category B mask, 10dB for category B mask in 10MHz.

In a real network, DL co-existence depends to a greater extent on UE ACS than BS ACLR. Nonetheless, the co-existence framework for FR1 is based upon meeting the ACLR and ACS requirements.

For the uplink, if the BS meets the category B (option 2) requirements then the emissions levels will be lower than for a UE. If the category A requirements are applied, then the UL emissions will be some 7-10dB greater than emissions considering the UE spectrum emissions mask. The emissions power needed to meet the UE ACLR will depend on the transmission bandwidth and power but meeting the category A BS OBUE mask in uplink is likely to lead to emissions of at least 17dB greater than a UE compliant to the ACLR requirement. Uplink co-existence performance is more dependent on UE ACLR than BS ACS and so the repeater specification does not protect from UL degradation in the same way as the UE specification.
It should also be noted that UL co-existence studies for FR1 have been performed assuming an omnidirectional UE antenna. It may not be the case that a repeater has an omnidirectional antenna. A more directional antenna at the repeater may reduce interference towards some victim BS, but increase interference towards victim BS that are in the same direction as the donor BS.
Observation 2: Applying only the wide area OBUE mask in uplink can lead to performance degradation for adjacent operators, especially in regions where the category A mask is applicable. The UL ACLR degradation may be 17dB.
In the NR BS specification, 3 classes of BS are defined relating to different deployment scenarios of wide area, medium range and local area. A medium range BS has a limitation on power of maximum 38dBm and a local area BS of 24dBm. For the different BS classes, the OBUE mask differs.
Figure 3 depicts the Medium range BS mask and ACLR for a BS with 38dBm output power and with 31dBm output power. It can be seen that with 31dBm output power, the operating band unwanted emissions will be lower than the UE mask. Figure 4 depicts the adjacent channel power (10MHz) for a BS meeting ACLR (for 31 and 38dBm), a UE meeting ACLR and a repeater meeting the BS or UE unwanted emissions mask only. The adjacent channel emissions for downlink for a 31dBm repeater that meets the OBUE mask will be the same as for a BS meeting the ACLR requirement; for a 38dBm repeater there are around 6dB greater emissions. For UL transmissions, the adjacent channel power will increase by at least 10dB reduced compared to for a repeater that meets the BS medium range requirements compared to a UE meeting UE ACLR.
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Figure 3: BS and UE emissions masks
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Figure 4: Adjacent channel power emitted by (i) BS meeting absolute ACLR, (ii) repeater meeting either 31dBm/38dBm BS OBUE or UE emissions mask only and (iii) UE meeting ACLR
Observation 3: If a relay would have 32dBm or lower power and meet the medium range BS OBUE then in downlink the same protection would be achieved as for a gNB. In UL, the UE spectrum emissions mask would be met, but adjacent channel power would still be 10dB greater than a UE meeting ACLR.
Figure 4 depicts the operating band unwanted emissions mask and figure 5 the adjacent channel power for a local area BS and a UE. A repeater that would meet the local area BS OBUE mask would provide as much protection as a gNB. The repeater would exceed the UE spectrum emissions mask but would provide worse adjacent channel protection than a UE by 3dB.
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Figure 5: BS and UE emissions masks
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Figure 4: Adjacent channel power emitted by (i) BS meeting absolute ACLR only, (ii) repeater or BS meeting OBUE or UE emissions mask only and (iii) UE meeting ACLR
Observation 4: A local area repeater meeting local area BS OBUE requirements would protect DL co-existence. In UL, adjacent channel emissions could be degraded by around 3dB or more.
3 TDD considerations

For TDD, the unwanted emissions considerations are basically the same as for FDD.
4 Conclusion

This contribution has considered the FR1 unwanted emissions requirements for repeaters. 36.106 emissions requirements are based on the wide area BS operating band unwanted emissions. The consequences of applying these emissions requirements are that in downlink, emissions would be greater than those considered in BS co-existence studies. The impact would be similar to the BS ACLR being degraded by up to 10dB. In the uplink, emissions would increase significantly compared to a UE. This would be equivalent to UE ACLR being degraded by 20dB or more.
To avoid degradation of the co-existence performance, the following could be considered:

· For repeaters in medium range and local area scenarios, the OBUE mask corresponding to those environments could be applied. This would reduce but not eliminate the ACLR degradation compared to BS

· The repeater could be required to meet the BS absolute ACLR requirement of -13dBm/MHz. This would mostly eliminate the emissions increase in downlink, but not fully in uplink.

· The repeater could be required to meet an adjacent channel emissions limit set by considering the ACLR for a PC3 UE (regardless of repeater power). This would eliminate the DL and UL emissions increase.
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