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1 Introduction
In the last meeting the a WF on repeater class and types was approved (R4-2108082) this paper discuss the open issues from that WF
This paper addresses the questions raised in the WF
2 Discussion
2.1 Class definitions
It was clarified in the WF (page 5) that the class referred to the BS side for transmission (UL) and the UE side for transmission (DL), and that it would be further discussed if receiver requirements need to be differentiated.
As the repeater is effectively an RF amplifier (in 2 directions) it is not strictly a transmitter and a receiver in the same way as a BS, the input (equivalent to receiver) is on one side (BS or UE) and the output (equivalent to transmitter) is on the other.  
As such if we have the opportunity for separate classes then we have multiple options for each amplifier chain
For example in the DL if we have local area and wide area classes we could have 4 different cases:
	Wide area input (BS side)	-	Wide area output (UE side)
	Wide area input (BS side)	-	Local area output (UE side)
	Local area input (BS side)	-	Local area output (UE side)
	Local area input (BS side)	-	Wide area output (UE side)
Hence it would perhaps be advantageous if the “receiver” requirements we the same for all classes.
Currently the only input requirement we have is input intermodulation and it is open if we need a NF requirement for the input.
UE side receiver 
The UE side receiver is similar to a BS as its in the UL, in BS class definitions the deployment scenario depends on the proximity of the UE’s. This translates in reliever requirements as having a higher sensitivity requirement and higher interferer levels for the classes where the UE’s are closer.
It would seem likely if we were to differentiate between a local (UE side) repeater and a wide area (UE side) repeat then the same arguments would apply and hence the differentiation in requirements would be applicable. 
Repeater classes for type 1-C are defined as indicated below:
-	Wide Area repeaters on the UE side are characterised by requirements derived from Macro Cell scenarios with a repeater to UE minimum coupling loss equal to 70 dB.
-	Local Area repeaters on the UE side are characterised by requirements derived from Pico Cell scenarios with a repeater to UE minimum coupling loss equal to 45 dB.
UE side Transmitter
The main parameters under discussion which may be limited on the transmitter based on class is the maximum output power and unwanted emissions. Once again the BS side transmitter is similar to the BS in that the limits are based on distance from and the ability to interfere with UE’s as such it would seem the same modified class definitions would be suitable.
BS side receiver
On the BS side input signals are received in the DL from the BS, as such the repeater is more similar to a UE or a IAB-MT. UE’s do not really differentiate their requirements due to proximity to a BS, the IAB-MT has 2 classes for IAB-MT based on deployment scenario (more than this could not be agreed). The IAB-MT class differentiator was discussed as planned and unplanned, and whilst this did not get captured in the definition in the TS it was used as part of the decision making when deriving the requirements. This approach seems a good starting point for the repeater class definition discussion.
The IAB-MT receiver requirements do differentiate between wide area and local area receiver requirements with local area having higher (less sensitive) levels of sensitivity and higher power blocking signals. 
BS side transmitter
Again the BS side transmitter is transmitting in the UL so is more similar to the UE or the IAB-MT, the IAB-MT has 2 classes as discussed which are based on deployment scenario if the deployment was planned or unplanned. The unplanned local nodes have a lower output power limit and operating band unwanted emission requirements. The different output power requirements in the discussion seem to be the primary reason for wanting different repeater classes. 
As the BS side receiver DL should be balanced with the BS side UL the receiver sensitivity and interfere levels should also be considered in the repeater in the different classes.
Hence it makes sense that the BS side has potentially different requirements for both Tx and Rx and that the deployment scenarios are distinct. The IAB-MT definitions are a good basis to start with.
For repeater type 1-C, classes are defined as indicated below:
-	Wide Area repeaters on the BS side are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.
-	Local Area repeaters on the BS side are characterised by requirements derived from Pico Cell and /or Micro Cell scenarios.

Of course if it is deemed unnecessary to have different class based requirements for the RF parameters then that can be adopted but it seems likely we will at least need class definitions made separately for UE side and BS side.
In summary the potential class based requirements can be demonstrated as follows:
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2.2	Type 1-H
It was also listed as an open issue if type 1-H were required. Type 1-H is an AAS BS and AAS are generally characterised as having the ability to beam form. Repeaters by definition do not employ active beam forming and as such have no AAS functionality. In this case the difference between 1-C and 1-H is just the attachment of the antenna to 1-H, the majority of the requirements are conducted and the OTA requirements associated with 1-H which are intended to test its beam forming capabilities are not really necessary of no active beam forming is deployed. The antennas for a repeater is a fixed gain directional antenna. Furthermore the RF inputs and outputs for a repeater will be singular (perhaps 2 polarisations) but there will be no need for requirements to deal with many RF ports which the 1-H requirements are designed to do.
As such we see no need for 1-H type (or indeed 1-O) above 1-C.
Summary
As the repeater requirements have an input intermodulation and possibly a NF requirement which are dependent on deployment and UE/BS proximity it seems likely (based on the BS and IAB-MT specs) that class based requirements will be necessary for the receiver. As such referring to classes for UL transmission and DL transmission is not clear enough. The classes should be based on the UE side and the BS side of the repeater. As a starting point the following definitions based on the BS and the IAB-MT definitions are proposed.
For repeater type 1-C, UE side classes are defined as indicated below:
-	Wide Area repeaters on the UE side are characterised by requirements derived from Macro Cell scenarios with a repeater to UE minimum coupling loss equal to 70 dB.
-	Local Area repeaters on the UE side are characterised by requirements derived from Pico Cell scenarios with a repeater to UE minimum coupling loss equal to 45 dB.
For repeater type 1-C, BS side classes are defined as indicated below:
-	Wide Area repeaters on the BS side are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.
-	Local Area repeaters on the BS side are characterised by requirements derived from Pico Cell and /or Micro Cell scenarios.
We also have discussed the necessity for a 1-H repeater class and do not think it is required.
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