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Introduction
In RAN#90-e a new work item for NR repeaters was agreed [1]. The work item description provides the objectives in very high level. This contribution we discuss what baseline understanding and alignment is needed before the work on detailed requirements can start in RAN4.
Discussion
The objectives from [1] are reproduced below.Normative work phase objective [RAN4]
· Specify RF and EMC requirements for NR repeaters 
· Consider FR1 (FDD and TDD) and FR2 (TDD) bands
For the above objective, the leveraging of RF specifications for LTE repeater and IAB should be sought. 

It is assumed that the repeater does not perform adaptive beamforming towards the UE.

It is assumed that the TDD repeater meets both BS and UE emission requirements (or the more stringent absolute level in dBm) in all slots.

The following constraint may be considered for TDD repeaters, as needed, to contain the workload associated with this project:
· TX EIRP/TRP/power of Repeater not exceeding any UE power class defined in the band 

Note: FR1 FDD repeaters testing is assumed to be conducted. This assumption can be revisited in RAN#91.


It can be seen that the main objective is only to specify requirements for NR repeaters, with few additional side conditions. There are however important technical aspects to be agreed upon before the discussion on specific requirements can start. Most importantly, RAN4 needs to conclude on the use cases and deployment scenarios for NR repeaters, based on which the requirements can be developed.
Proposal 1: Use cases and deployment scenarios need to be discussed and agreed to provide the starting point for requirement discussions.
Part of the discussion should be to conclude which frequency ranges and duplex modes are part of the work. The current WID only states to “consider” FR1 (FDD and TDD) and FR2.  It would be beneficial to aim to understand the complexity and implications of supporting all these cases first. When complexity is better understood for each case then it can be seen whether it is reasonable and feasible to develop requirements for all of them.
Observation 1: When complexity is understood for each case in the WID, it can be seen whether it is reasonable and feasible to develop requirements for all of them.
Specifically, when it comes to TDD operation there are many technical details, which require discussion before RF requirements are considered. These aspects include for example the network synchronization. In case TDD repeater is not properly synchronized, there is a potential for harmful interference in the network. As the work item is contained to cover only RAN4, it is not possible to specify synchronization in PHY-layer. Therefore, a question remains whether synchronization requirements need to be developed in RAN4, or whether this is left purely for implementation. When this is discussed, it is important consider the possible negative impacts caused by synchronization errors.
Observation 2: Discussion is needed on how to handle synchronization in case TDD repeaters are decided to be worked on.
The work item also includes a statement that the repeater does not perform adaptive beamforming towards the UE. However, it is left open if there is adaptive beamforming towards the parent base station, or whether there is any beamforming towards the UE. Especially in FR2 these assumptions have a large impact to applicable use cases. For example, when antenna array becomes larger the beamwidth typically become narrower. Without any adaptive beamforming the geographical area served by the repeater is therefore impacted.
Observation 3: Beamforming and antenna array assumptions need to be discussed for both the backhaul between parent BS and NR repeater as well as for the access link between repeater and the UE.
The work item also states that TDD repeater is assumed to meet both BS and UE emission requirements, or the more stringent absolute level in dBm, in all slots. While this assumption has potential to alleviate some interference concern, it also generates multiple questions. Firstly, the UE and BS emission requirements are based on different concepts. UE emissions are typically carrier centric, whereas base station emission requirements are designed for the full operating band. Furthermore, additional UE emission requirements are often tied to network signaling. There are also other differences. Therefore, it is important to clarify the basic principles how the NR repeater emission requirements are defined.
Observation 4: The differences between the principles of how UE and BS emissions requirements are defined impact on how to interpret meeting both BS and UE emission requirements. 
Finally, the work item description suggests that for TDD repeaters it may be considered that the output power does not exceed any UE power class defined for the operating band. The statement is somewhat unclear how to handle cases when multiple UE power classes are defined for an operating band, as it could be considered that it is sufficient to stay below the power of the highest power class. The other possible interpretation is that repeater power level would need to be below the power class of lowest power class. Furthermore, this statement raises a question whether TDD output power is intended to be based on power classes, or it will follow declaration framework similar to base stations, but impose some limitations for those declarations.
Observation 5: Possible output power limitations need further clarifications
Overall, it is concluded that further discussion is needed to better understand the deployment scenarios, use cases and the whole work item description so that the requirements can be built upon a solid baseline. Only after this baseline is understood, it can be evaluated how much LTE repeater and IAB specifications can be leveraged.
Observation 6: Understanding on use cases and deployment scenarios is needed before it can be evaluated how much LTE repeater and IAB RF specifications can be leveraged.
Conclusion 
In this contribution the work for NR repeaters was discussed and following observations and proposals were made
Observation 1: When complexity is understood for each case in the WID, it can be seen whether it is reasonable and feasible to develop requirements for all of them.
Observation 2: Discussion is needed on how to handle synchronization in case TDD repeaters are decided to be worked on.
Observation 3: Beamforming and antenna array assumptions need to be discussed for both the backhaul between parent BS and NR repeater as well as for the access link between repeater and the UE.
Observation 4: The differences between the principles of how UE and BS emissions requirements are defined impact on how to interpret meeting both BS and UE emission requirements. 
Observation 5: Possible output power limitations need further clarifications
Observation 6: Understanding on use cases and deployment scenarios is needed before it can be evaluated how much LTE repeater and IAB RF specifications can be leveraged.
Proposal 1: Use cases and deployment scenarios need to be discussed and agreed to provide the starting point for requirement discussions.
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