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Introduction
This contribution considers definitions of system parameters for repeaters and their impact on system operation.
Background: BS and UE definitions and requirements
In the basestation specifications, a number of parameters relevant to basestation operation are defined:

[bookmark: _Hlk513018421]Aggregated BS Channel Bandwidth:	The RF bandwidth in which a Base Station transmits and receives multiple contiguously aggregated carriers. The aggregated BS channel bandwidth is measured in MHz.

BS channel bandwidth: RF bandwidth supporting a single NR RF carrier with the transmission bandwidth configured in the uplink or downlink
BS transmission bandwidth configuration: set of resource blocks located within the BS channel bandwidth which may be used for transmitting or receiving by the BS
Base Station RF Bandwidth: RF bandwidth in which a base station transmits and/or receives single or multiple carrier(s) within a supported operating band
Base Station RF Bandwidth edge: frequency of one of the edges of the Base Station RF Bandwidth.
operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of technical requirements
Inter RF Bandwidth gap: frequency gap between two consecutive Base Station RF Bandwidths that are placed within two supported operating bands

A BS channel bandwidth refers to a contiguous range of frequencies that contains a single carrier. Due to the need to leave guard bands for digital filters, not all available resource blocks within a BS channel bandwidth are utilized. The set of RBs that are sued for transmission is the BS transmission bandwidth configuration.

A BS may transmit more than one carrier. If several carriers are transmitted within contiguous spectrum, the spectrum allocated to the carriers are referred to as a sub-block. It is possible to transmit more than one group of carriers, in which case there will be more than one sub-block.
In between the sub-blocks there may be other operators’ carriers. For this reason, it is expected that the BS must meet in-band emissions requirements such as CACLR within the sub-block gaps. Also, RX requirements such as in-band blocking apply.
FC,block 1,low

[image: ]
The basestation RF bandwidth refers to the total bandwidth within which all sub-blocks are located within an operating band. Outside of the BS RF bandwidth, the BS is expected to meet in-band emissions requirements including ACLR and OBUE for spectrum within the band, RX requirements such as in-band blocking and out of band requirements for spectrum outside of the band.
Some BS are able to transmit in more than one band. Within each band, a separate BS RF bandwidth is configured. Between the BS RF bandwidths, appropriate emissions and receiver requirements must be met in order to protect other operators and systems.
For a multi-band BS, in-band emissions apply for the bands that the BS covers.

In a typical BS, an analogue filter is used to suppress emissions or RX blockers outside of the band. Within the band, digital filtering is used to meet emissions and selectivity requirements. Analogue filters are not used to meet in-band requirements since in that case the BS hardware would be configuration specific.

For the UE, the following terms relevant to UE operation are defined:

Channel bandwidth: The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
Aggregated Channel Bandwidth: The RF bandwidth in which a UE transmits and receives multiple contiguously aggregated carriers.
Sub-block: This is one contiguous allocated block of spectrum for transmission and reception by the same UE. There may be multiple instances of sub-blocks within an RF bandwidth.
UE transmission bandwidth configuration: Set of resource blocks located within the UE channel bandwidth which may be used for transmitting or receiving by the UE.

The UE has similar definitions as the BS for similar reasons. A basic carrier is carried within a UE channel bandwidth. Multiple carriers may be transmitted/received within one or more sub-blocks. The resource blocks that are actually used within a carrier are known as a transmission bandwidth configuration.

Considerations with regard to repeaters
In the E-UTRA repeater specification, the terms channel bandwidth and transmissions bandwidth configuration are defined in the same manner as for the BS and UE specifications, although it is not obvious how the transmission bandwidth configuration would be applicable to a repeater.
In addition, in the repeater conformance specification the term passband is introduced:

Pass band: The frequency range in which the repeater operates in with operational configuration. This frequency range can correspond to one or several consecutive nominal channels. If they are not consecutive each subset of channels shall be considered as an individual pass band. A repeater can have one or several pass bands

The definition of the pass band appears to envisage the repeater amplifying several nominal channels. There may be more than one pass band and gaps in between repeater pass bands. Within the gaps, emissions requirements shall be met.

What is not obvious in the repeater specification is whether the “pass band” includes only carriers belonging to the operator that deploys the repeater.

If a repeater is deployed by an operator, in order to protect neighbor operators, it should in general operate like a BS in the DL direction and a UE in the uplink direction. Thus, in principle if should amplify and forward power within sub-blocks and carriers belonging to the operator.
In order to avoid amplification within carriers belonging to other operators then a repeater would need to either incorporate operator configuration specific analogue filters, leading to operator specific products or would need to implement configurable digital filtering in a similar manner to a BS architecture, implying the need to convert to the digital domain, filter and then re-convert to the analogue domain, with an associated latency. Both of these approaches would make a repeater somewhat more complex than a simple operating band wide amplifier.

Observation 1: To avoid amplification of signals in neighbor operators’ carriers, a repeater would either need to implement configuration specific analogue filters or digital filtering.

If there are carriers within the passband that belong to another operator, then the repeater will also amplify signals in the other operator’s spectrum. In some cases, this might be beneficial for a neighbor operator if also the neighbor carrier is amplified. However, it may be the case that the repeater amplifies already existing unwanted emissions in the neighbor operator’s spectrum and thus worsens performance for the neighbor operator. Alternatively, a neighbor operator’s wanted signal may be amplified together with noise and added EVM from the repeater, which could worsen the SNR experienced by a neighbor operator.

Observation 2: If a repeater amplifies in neighbor operators’ carriers, it may in some cases be beneficial to the neighbor operator, but it may also cause degradations in neighbor operator networks.

In some cases, if the repeater antennas have narrow beamwidth then impact to the neighbor operators can be avoided. This will be the case if there is a narrow beamwidth to the BS and the operator is not co-located with the neighbor operator. For the link to the UE, there is also likely to be spatial selectivity if the beamwidth is narrow, although it is noted that in the current WI scope there is no dynamic repeater-UE beamforming.

Observation 3: Narrow beamwidths may provide spatial selectivity and reduce the impact of amplification on neighbor operator carriers as long as operators are not co-located.

The E-UTRA specification is rather vague about whether amplification in neighbor operators’ carriers is caused by the repeater, but it may be assumed it could be the case for some repeater architectures. In the context of NR, it should be noted that advanced 5G networks are designed to maximize performance, with advanced MIMO features, high modulation orders, advanced receivers etc. and so the impact to an operator of repeater interference or degradation may be more severe than in early E-UTRA times. The impact to other operators may need to be balanced against the impact to feasible repeater architectures and further discussion is needed.

Proposal 1: RAN4 discuss the impact of amplification on neighbor operator carriers within the operating band on 5G performance of the neighbors and repeater architectures.

Apart from amplification of signals on neighbor operator carriers, another potential impact on neighbor operators could be emissions that are added by the repeater (due to PA non-linearities). If it is assumed that the passband could contain other operators’ carriers, then a requirement relating to emissions generated within the repeater towards neighbor operators could be simple to define. For example, a single carrier could be transmitted to the repeater within the passband and the emissions from the repeaters in the rest of the passband measured.

Proposal 2: If the passband is assumed to potentially contain other operator’s carriers, consider a requirement on repeater emissions within the rest of the passband when only one carrier is transmitted/amplified by the repeater.

Conclusion
This contribution has considered some system aspects of repeater specifications. Within the context of high performance 5G networks, the potential impact of amplifying signals on neighbor operator carriers and impacts to repeater architectures should be further considered by RAN4. Also, consideration may be given to a requirement on repeater generated emissions within the passband.

Proposal 1: RAN4 discuss the impact of amplification on neighbor operator carriers within the operating band on 5G performance of the neighbors and repeater architectures.
Proposal 2: If the passband is assumed to potentially contain other operator’s carriers, consider a requirement on repeater emissions within the rest of the passband when only one carrier is transmitted/amplified by the repeater.
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