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1 Introduction
In RAN4#44-bis, a document, R4-071559, was presented informing about the introduction of regulatory requirements for UTRAN low power repeater in Japan .

This document is meant to be a comment to that information, thus aiming at increasing the common understanding on the issue of repeater requirements between 3GPP and the Japanese regulatory bodies.
2 Ramifications
It is recognised that translation is crucial in order communicate efficiently over the language barrier. The comments made in this document are based on interpretations that to the greatest extent are explicitly explained. Never the less, there is always the risk of misunderstanding terms believed to be fully understood. It is expected that this document is read with this in mind.

It is recognised that the terminology used in 3GPP is not used in the Japanese regulatory requirements presented. It is believed that using a common terminology to the greatest extent possible will facilitate communication between Japanese regulatory bodies and 3GPP on the issue of repeaters. Hence the aim of this document will be to describe the 3GPP terminology and try to map it to the specification used in the presented the Japanese regulatory requirements.

It is recognised that some parameters in the Japanese regulatory requirements are such that they are considered implementation specific requirements. 3GPP does not as a rule specify implementations (the goal is to avoid discriminating new technology), and thus such requirements are not specified in the 3GPP requirement specifications.

It appears that some crucial definitions regarding the repeater specified are not present in the specification informed about. A discussion about such parameters is also part of this document. An attempt to map such parameters to the Japanese regulatory requirement summary is also made.

The Japanese regulatory requirement summary refers to the conformance specification TS25.143, which is a conformance specification when comparing to the own repeater specification. However, the Japanese regulatory specification appears to be a requirement specification. Hence a comparison to TS25.106 may be more appropriate.

Up till now, 3GPP has only specified performance requirements for FDD repeaters. Still, the TDD repeater specification will be commented in a general manner.

3 Comments to the FDD part of the regulatory requirement summary 
3.1 General

In 3GPP, the repeater is considered a two-port device with both ports being duplexed. Essentially it is a bidirectional amplifier and its basic function in the network is to add negative pathloss to the link budget. 
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Figure 3.1.1
repeater schematic

The ports are named donor port and Service port or Coverage port. The donor port is where the DL is picked up from the BS, and UL signal is transmitted. The Service port is where the UL signal is picked up from the UE(s), and the DL signal is transmitted. As both the points are duplexed, the requirements on these ports are often dominated by the transmit requirements (e.g. spurious emissions). The link between the BS and the repeater is referred to as the donor link. Correspondingly, the link between the repeater and the UE(s) is referred to as the service link, or the coverage link. Note that both the links are duplex.



Figure 3.1.2.
Repeater ports.

3.2 Specific paragraphs

3.2.1 Maximum output power

Maximum output power is currently defined as a property in 3GPP repeater specifications. This definition is used to classify the repeater into different power classes, which to some extent have different requirements. The actual maximum output power shall be stated by the vendor, and this statement defines the class which requirements the repeater shall comply to. The requirement as stated in the Japanese regulatory requirement summary can be interpreted as defining a power class below the classes currently defined in the 3GPP specification.

3.2.2 Antenna gain 

Antenna gain is a property normally not specified in 3GPP as it is not considered part of the repeater (if they were the requirements on repeaters would apply after the antenna). I.e the points of reference are the donor port and the service port. The Japanese regulatory requirement as stated in the summary table (UL antenna and DL antenna) is a bit difficult to interpret in view of the 3GPP nomenclature which assumes that the ports are duplexed. The higher gain seems reasonable to have on the donor port as the higher gain is valuable on the donor link since it reduces both the UL interference and the necessary gain in the repeater, thereby reducing the amount of noise transmitted on the service port. This mechanism extends beyond the limit of 9 dBi and the rationale for limiting the donor antenna gain is not obvious. Consequently, it is assumed that the service antenna is limited to 0 dBi. Also here the rationale for the specification is not clear. The assumption is that the aim is to limit the EIRP. As the antenna gain - or specifically its directivity - is generally beneficial for the system performance (reducing the amount of stray RF power and the amount of noise) it may be worth revisiting this specification point in order to reap the benefits of good antenna application in repeater systems by using an alternative phrasing or definition.

3.2.3 Frequency stability

The frequency stability requirement in the Japanese regulatory specification summary refers to TS25.143, where the test requirement is actually based on the state of art measurement accuracy at the time of writing. This may have improved (and should hence be updated also in TS25.143) or the tighter requirements proposed in the specification summary can be reached by deviating from the "never fail a good equipment" philosophy. The core requirement, TS25.106, where the design target is defined, the requirement does not include the fixed frequency offset which is the difference between the Japanese regulatory requirement specification and the 3GPP specification at this point.

3.2.4 Occupied bandwidth

Occupied bandwidth is in 3GPP used to refer to a modulation property. It does not apply to repeaters as they are supposed to be transparent to the modulation. It is here assumed that this parameter can be mapped to the 3GPP repeater property "pass band", which defines the band amplified by the repeater nominal gain as set. The requirement of maximum 5 MHz pass band would translate into that maximum one UTRAN carrier shall be amplified.

3.2.5 ACLR 

In 3GPP, the parameter ACLR is not used specifying repeater requirements for reasons described in TR25.956 section 4.4. In essence the concern is that the ACLR cannot be tested due to too low S/N of the repeater input signal producing maximum output power. In the particular case of the Japanese regulatory requirement specification for low power repeaters it also appears that the limited pass band would effectively hinder the measurement of ACLR (as it would be reduced by the out of band gain requirements). It is proposed that further studies on this specification point may be beneficial, and that using the parameter set used in 3GPP, the specification point may be redundant.

3.2.6 ACRR

Adjacent channel rejection is not specified in the Japanese regulatory requirement specification summary. The passband requirements and the adjacent channel gain requirements as described in the summary table do not guarantee that the ACRR of 20 dB can be achieved. It may be beneficial to verify that self interference (please refer to TS25.956 for a technical discussion) will not occur (or that the areas affected are sufficiently small). However, it is recognised that this parameter may not be considered a regulatory requirement, since it essentially only affects adjacent UTRAN carriers.

3.2.7 Out of band gain

The interpretation of the out of band gain requirement is not fully defined by the points specified. The adjacent channel gain (and implicitely, the ACRR) will be determined by the definition of the gain limitations between the points.

3.2.8 Spurious emissions

Spurious emissions as described in the summary coincide with the definitions used in the 3GPP specifications. The requirements are not corresponding to category A or category B (ITU-R SM329) are but a combination. This can well be specified in as regional requirement.

3.2.9 The protection of PHS

The protection of PHS requirement is 10 dB harder than the corresponding requirements in the 3GPP specifications. The rationale is not obvious, but the requirement may well be put this way. It would be useful to have specified which frequency bands are actually to be protected (reference to TS25.106 stating 1884.5 MHz to 1919.6 MHz is understood).

3.2.10 Receiver requirements

The receiver requirements in the Japanese regulatory requirements summary do not map to any 3GPP specification repeater property. Are non-duplexed ports assumed or shall this be interpreted to be a requirement on a mandatory measurement receiver? At which port is this expected to apply?

3.2.11 Other functions required

The other functions required do not map to 3GPP repeater properties specified. Requirement number 1 can be interpreted as a requirement on a measurement receiver. Or is it sufficient to recognise a carrier in the repeater pass band (assuming only the legitimate operator will use that band)?

The requirement on the isolation between antennas is not meaningful unless both antennas are required to be integrated in the repeater (which is a very unpractical arrangement). This is something considered an implementation issue in 3GPP and is thus not specified. Note that recommendations in this area are given in TR25.956 in section 5, the planning with repeaters.

Shall the requirement be interpreted as that oscillation detection and mitigation is a required functionality of the repeater?

4 Comments on the TDD repeater requirement summary

TDD repeaters have so far not been specified in 3GPP. It is expected that the unwanted emission will be determined by the synchronisation and the switching scheme. Switching transients may be an area for further studies. As the specification points for the TDD repeater are very similar to those of the FDD repeater, the above comments apply to a great extent.

5 Conclusion

This document points out several instances where the understanding of repeaters appears to differ between 3GPP and the Japanese regulatory body. It is hoped the started discussion will enhance the understanding of repeaters for all involved parties.
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