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1 Introduction

During RAN4#98bis-e, it was agreed that repeater classes will be defined for FR1, but details on which classes and how many classes was not concluded. For FR2, there is a need to further consider whether the concept of classes is needed.
2 Discussion
2.1 General considerations
Strongly related to the concept of classes is limits on DL output power, which is discussed under another agenda item. A further consideration is whether repeater classes need to be defined for DL only or for both DL and UL operation, and whether it should be possible to declare a different class for DL and UL.

The concept of BS classes is related specifically to DL transmit and UL receive. It is not readily transferrable to UL. In our view, the need for classes and associated power limits should be discussed separately for DL TX and UL TX operation. If after such a discussion it becomes apparent that a common set of class definitions can be created for DL and UL TX then this can be done. We note though that for IAB, the classes defined for IAB-DU differ from those for IAB-MT.

Proposal 1: For now, discuss repeater class definitions and associated power limits separately for DL TX (UL RX) and UL TX (DL RX).

Not all repeaters are integrated and in some cases the scenarios and transmitters for DL and UL may differ. In the previous meeting, an example of a repeater transmitting to/receiving from a BS outside of a train and users inside of a train carriage was mentioned. This is an example of a scenario in which the deployment scenario (and power limits) may differ between DL transmit and UL transmit.
Proposal 2: However classes are defined, separate declarations for each direction are needed.
Repeaters bring a further complication compared to e.g. BS and IAB in that they do not have receiver requirements, but there are requirements on input intermodulation. In principle, the input intermodulation levels should relate to the deployment scenario and hence class, however this is complex. Consider the inside train to outside train scenario. For the uplink the transmitter will be outside of the train and have higher power, however the receiver part of the UL direction repeater would be inside the train environment. Thus, the UL transmitter and UL receiver would be in different deployment scenarios. This could apply in each direction.
Whether this is an issue to consider depends on whether receiver IM levels would be differentiated between classes. Input IM levels are somewhat analogous to RX blocking and IM for basestations, which do differ between classes. The main reason for the difference is that the distance to other operators UEs may be smaller for the MR and LA classes than for the WA class.

We propose that first of all the need for differentiating input IM levels between deployment scenarios/classes should be discussed as part of the discussion on RF requirements and then the class definition considerations addressed if needed.
Proposal 3: Assess whether different input IM levels should be defined for different deployment scenarios (classes).
Proposal 4: Consider any impact to class definition of input IM levels after deciding whether any differentiation is needed.
In the above scenario with the railway carriage, the DL transmit (within the train carriage) deployment scenario will differ to the UL transmit scenario (to the BS outside of the train).
2.2 FR1

2.2.1 Downlink classes
Four BS deployment scenarios exist for LTE; Wide Area, Medium Range, Local Area and Home eNB. Home eNB is not defined as an NR BS class.
During the previous meeting, it was proposed that a class similar to home eNB may be needed for covering certain scenarios such as inside of a railway carriage where the transmit power will be low.
We emphasize that classes should represent different deployment scenarios that are expected to have different characteristics. For certain scenarios, an upper limit is placed upon the output power based on co-existence considerations and this is represented in the upper power limits for the classes. Just because there is an upper power limit due to co-existence considerations though, this does not mean that the maximum possible power for the class has to be provided.

Inside a train carriage there is no co-existence scenario to other network layers that would differ from a local area scenario. Hence, we do not believe that there is a need for a differentiated upper power limit for a repeater within a train compared to a local area scenario.

Observation 1: The upper power limits for BS classes are related to maximum allowed power to avoid co-existence issues. BS can choose to deliver less power than the maximum allowed.

It is possible (but not certain) that the input IM levels may be differentiated between classes. The IM levels will relate to expected minimum distance of devices from other networks from the repeater, which will not differ between the local area and train carriage scenario. Thus, even if input IM levels are to be differentiated between classes, the same levels as for LA should be applicable for repeaters within a train carriage.
Proposal 5: Do not adopt a home eNB like class for repeaters. The train carriage scenario can be covered with LA class.
For the wide area BS, the BS TX power is not limited. It was argued in previous meetings that due to oscillations the power of a repeater is anyhow in practice limited to around 30dBm. This is true if the repeater is integrated, however there are also repeater scenarios in which the transmitter/receiver segments are physically separated.
The power limits linked to BS classes are related to co-existence in the associated deployment scenarios. Thus, in principle if a repeater is deployed in a MR scenario, it should be subject to the same power limit as a BS. Whether there will really be wide area repeater scenarios is not clear and should be discussed further.

Apart from the TX power limits, BS OBUE requirements differ between the different classes, i.e. between deployment scenarios.

Considering the train carriage scenario, there is at least one scenario where LA requirements are relevant.

Proposal 6: Develop an LA repeater class

Proposal 7: Include for now both WA and MR repeater classes. Discuss further whether WA is needed.

2.2.2 Uplink classes

Uplink power classes for UEs are not related to deployment scenario. For IAB, however the IAB-MT classes are related to deployment scenario. One IAB class is intended for planned, wide area deployments and the other for unplanned, local area.
For repeaters, if the repeater is not constrained to the maximum UE power and is not planned then there is a risk to cause ACS degradations towards neighbor networks. On the other hand, if a repeater is planned and potentially has directional antennas then degradations can be mitigated.
A basis for further consideration for uplink classes would be whether repeaters are assumed to be unplanned and with unknown antenna patterns, or planned with directional antennas, or one class for each.

Proposal 8: Discuss whether repeaters should be assumed to be unplanned (with unknown antenna characteristics) or planned (with directional antennas) or whether a UL class for each could be useful to define.

2.3 FR2

2.3.1 Downlink classes

For FR2 BS, three classes are defined: Wide Area, Medium Range and Local area. For FR2, due to the pathloss and beamforming, it is not necessary to impose maximum power limitations on any of the classes.

In-band blocking requirements also do not differ between the different deployment scenarios, and so it is to be expected that input intermodulation requirements for a repeater would not differ between scenarios.

The operating band unwanted emissions and ACLR also do not differ between classes for FR2.

For repeaters, there is not any reason to expect that requirements would be differentiated between deployment scenarios. This implies that there is no need to define repeater classes for FR2.

Proposal 9: No need to define DL repeater classes for FR2.

2.3.2 Uplink classes
Similar to FR1, if in the UL the repeater power exceeds the largest expected UE power then there is a risk of creating degradation to other operators. The largest UE power is for a CPE type UE and can be up to 31dBm TRP. This may be sufficient for repeater scenarios.

If the possibility of larger UL power would be desired, then similar to FR1 the need to planned / unplanned UL repeater classes may need to be considered.

Proposal 10: Either limit UL power to the CPE power class, or consider planned / unplanned repeater UL classes (similar to FR1 considerations)
3 Conclusion

Proposal 1: For now, discuss repeater class definitions and associated power limits separately for DL TX (UL RX) and UL TX (DL RX).

Proposal 2: However classes are defined, separate declarations for each direction are needed.
Proposal 3: Assess whether different input IM levels should be defined for different deployment scenarios (classes).

Proposal 4: Consider any impact to class definition of input IM levels after deciding whether any differentiation is needed.
Observation 1: The upper power limits for BS classes are related to maximum allowed power to avoid co-existence issues. BS can choose to deliver less power than the maximum allowed.

Proposal 5: Do not adopt a home eNB like class for repeaters. The train carriage scenario can be covered with LA class.
Proposal 6: Develop an LA repeater class

Proposal 7: Include for now both WA and MR repeater classes. Discuss further whether WA is needed.

Proposal 8: Discuss whether repeaters should be assumed to be unplanned (with unknown antenna characteristics) or planned (with directional antennas) or whether a UL class for each could be useful to define.

Proposal 9: No need to define DL repeater classes for FR2.

Proposal 10: Either limit UL power to the CPE power class, or consider planned / unplanned repeater UL classes (similar to FR1 considerations)
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