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Introduction
During RAN4#99-e, the topic of repeater classes was further discussed and a WF was agreed [1]. The following agreements were reached:

· At least 2 DL classes for FR1
· Introduce FR2 classes if requirements are different between classes, otherwise not
· Introduce at least 2 UL classes for FR1
· For FR2, either introduce 2 UL classes or limit the repeater power to the maximum UE power class
· Tentative agreement to decouple DL and UL TX classes. Further check if RX requirements might differ between classes
· Introduce types 1-C and 2-O. Further discuss 1-H/O.

The above is a summary of the main agreements and the WF contained further details to discuss.
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Downlink classes
For the FR1 downlink classes, the open issues to discuss in the WF were whether to use the same approach to describing classes as the BS/IAB and whether to consider two or 3 classes.
In the basestation specifications, classification of basestations is carried out according to the scenario in which the basestation is expected to be deployed. The three classes (WA, MR, LA) relate to macro, micro and pico environments respectively.
Basestation requirements, including TX power limitations, emissions requirements, sensitivity and blocking requirements etc. are set based on the expected deployment scenario. Many of the requirements (e.g. TX power, sensitivity, blocking) are based on heterogeneous network co-existence simulations taking into account the deployment scenarios.
Observation 1: BS requirements are based on analysis and simulation of the macro, micro, pico deployment scenarios.

Essentially, a similar approach should be taken for repeaters; relevant deployment scenarios should be identified and then, based on analysis and simulation of the scenarios relevant requirements should be created. A key question is whether the deployment scenarios for repeaters are likely to deviate significantly from basestation deployment scenarios. Since repeaters are expected to communicate with UEs, our view is that the scenarios are not likely to deviate.
Observation 2: Repeater deployment scenarios are likely to be similar enough to BS scenarios that the BS classes and requirements can be used as a basis.

If repeater deployment scenarios are judged to be similar enough to BS deployment scenarios that the BS requirements for each scenario will provide co-existence protection also for repeaters then it is best to use the same classes as used for the BS and IAB.
It should be noted that the OBUE masks are related to the BS classes, and thus using the same class definitions as for the basestation will also enable use of the same OBUE masks, which enables repeaters to be more easily related to regulation.
Observation 3: OBUE masks are based on the BS class types.

Proposal 1: BS class definitions (Macro, Micro, Pico) are applied for repeaters

In the specifications, the class definitions are described using two parameters, the scenario and an assumed minimum distance or minimum coupling loss:

-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.
Each scenario should actually be described with a large number of parameters (cell size, ISD, sectorization, BS height etc..), however only one of the parameters (minimum distance) is included in the definition. 

During the discussions at RAN4#99-e, it was suggested that the minimum distance between the UE and a repeater may differ from a UE and a basestation. It is not obvious why this would be the case, but nonetheless if this is a concern then for the repeater class definition, the statement about minimum distance could be omitted.

Proposal 2: Discuss whether to omit the statement about minimum distance from repeater class definitions.

A further question is whether to create all 3 classes for repeaters. 
One of the deployment scenarios discussed so far is one in which the repeater provides coverage inside of a train carriage. Due to the low TX power needed, it has been suggested that a “home” class would be needed for this scenario. In our understanding, home eNB is related to other functionality such as CSG. In general, there is no reason to believe that with normal network functionality, a BS meeting LA requirements would not be sufficient for deployment inside of a train carriage (i.e., assuming that there is no closed subscriber group). Similarly, for repeaters, from an RF point of view, meeting LA requirements would not cause co-existence issues. Of course, the TX power may be lower than the power limit for a local area repeater. However, there is no problem in designing a transmit power that is lower than the maximum limit.
Regarding the other two classes, it is also conceivable that repeaters may be deployed in medium range scenarios. It is less obvious that repeaters would be deployed with high power in wide area scenarios considering the limitations of repeaters (i.e., limiting SNR, not able to add capacity) and the need for them to be low cost. However, we do not see a need to restrict the scenarios available in the standard and believe that relevant requirements for all of the scenarios can be derived from the existing BS requirements.

Proposal 3: Create LA, MR, WA repeater classes.

Uplink classes
In the uplink, UEs are built towards so-called power class requirements. The concepts surrounding UE power classes are quite different to those around BS classes. UE power classes are not linked to deployment scenarios, since in general UEs can roam and may operate in different deployment scenarios. Unlike for the BS, the transmit power for a UE power class is not an upper limit on what can be designed (in the case of BS, designing a BS with a lower power than the maximum limit for a BS class is perfectly legitimate). The UE is required to deliver the stated output power for the power class (to within an allowed maximum power reduction).
UE co-existence requirements are designed based on the UE power classes and the assumption that the UE can be anywhere within the cell.
For repeaters, in principle deployment scenario-based classes could be applied. However, requirements for ensuring co-existence considering uplink transmit and downlink receive based on deployment scenario have not been studied. 
A very important consideration for uplink co-existence is that the underlying studies have assumed that UEs are power controlled and do not exceed the output power of their power class. If repeaters would not be power controlled and/or would be able to transmit with greater power than the maximum UE power class, then co-existence is not assured. 
Power control is achieved indirectly by means of power control of the UE (assuming that the repeater has a fixed gain). Regarding the maximum power, if the repeater exceeds the maximum UE power class then interference towards neighbor operators may be achieved if the repeater has a directional antenna and its location is planned to take into account the location of other operators’ equipment.
In the IAB specification, two uplink classes are created with these considerations in mind. One class is called “local area”. For the local area class, the output power is limited and the IAB meets the UE requirements. The other class, called “wide area” does not restrict the UL transmit power, however there is an underlying assumption that the IAB-MT antennas are directional and the deployment of IABs is planned.
For repeaters, a similar approach to IAB is appropriate. One class of repeater is required not to exceed the output power for the largest UE class (however, unlike UEs the output power for this class can be an upper limit, not a requirement to meet). The second class assumes that the repeater has directional antennas on the donor link side and its position is planned by the operator.

Proposal 4: Either limit the repeater output power to the maximum UE power class or create 2 UL repeater classes similar to the IAB classes.

Conclusion
Proposal 1: BS class definitions (Macro, Micro, Pico) are applied for repeaters
Proposal 2: Discuss whether to omit the statement about minimum distance from repeater class definitions.
Proposal 3: Create LA, MR, WA repeater classes.
Proposal 4: Either limit the repeater output power to the maximum UE power class or create 2 UL repeater classes similar to the IAB classes.
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