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1. Introduction
Based on the WF agreed in RAN4#99-e, the following items are to be addressed in the August meeting [1]: 
	· FFS how exactly the pass band will be used as a reference
· FFS how the UE/BS specifications would be referenced (e.g. if some Note in the repeater specifications is enough)
· FFS how exactly the pass band will be used as a reference
· FFS what the framework for such bands should be



In this contribution, we further discuss issues related to multi-band operation of NR repeaters and consider also the pass band definition for different scenarios. 
1. Discussion
In WF [1], it was agreed that NR repeater specification must specify the multi-band support only for FR1, not for FR2. Furthermore, for multi-band operation of the NR repeaters, the requirements for Inter RF Bandwidth gaps need to be considered from the perspective of ACLR/CACLR, OBUE, etc. Additionally, for spurious emissions, multi-band exceptions/exclusions need to be specified for each supported operating band. 
Multi-band requirements are defined based on the type of the node; for example, in BS specification [2] the multi-band requirements are defined separately for BS types (1-C, 1-H, and 1-O separately). Assuming that NR-repeaters shall be typified relying on the BS/IAB types, in this contribution we provide our insights about the multi-band requirements assuming different implementation options. 
For FR1 type 1-C, the following implementation options are considered in the BS specification, for supporting operation in multiple operating bands:
· [bookmark: _Hlk71205306]All TAB connectors are single-band connectors
· All TAB connectors are multi-band connectors
· A combination of single band and multi band TAB connectors
For a repeater, we need to consider the possible implementation aspects of both access link and backhaul link sides, for supporting operation in multiple operating bands. In case of repeaters, it is reasonable to assume that the above implementation options could be used for type 1-C repeaters as well.  
[bookmark: _Hlk71204695][bookmark: _Ref79137412][bookmark: _Ref71274571]Proposal 1:  For repeater type 1-C, the implementation options used for BS type 1-C (to define the multi-band requirement) could be used. 
[bookmark: _Ref71205232][bookmark: _Ref71205223]Proposal 2: It makes sense to specify the requirements assuming that the same implementation option is used for the access and backhaul sides of a repeater. 
To elaborate Proposal 2, for type 1-C repeater one could assume that all antenna connectors are single-band connectors in the access side and all antenna connectors are single-band connectors in the backhaul side. It could be studied later whether it is meaningful to have a mix of implementations in access and backhaul sides. That is, whether the access link could be implemented with all antenna connectors are single-band connectors, and the backhaul side could be implemented with all antenna connectors are multi-band connectors, and so on. 
In BS specification, multi-band connector related discussions focus on how ACLR, OBUE, spurious emissions, etc. requirements will be affected when a BS operates in multi-bands. For example, in case of ACLR the requirements are defined to be applied to inter RF Bandwidth gaps for different frequency ranges. Specifically, if inter RF bandwidth gap () satisfies the condition, , then emission limits within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap. WF agrees that for repeater multi-band operation, the necessary RF requirements have to be agreed. 
The repeater passband is defined as follows [1]: 
	Pass band: The frequency range in which the repeater operates in with operational configuration. This frequency range can correspond to one or several consecutive nominal channels. If they are not consecutive each subset of channels shall be considered as an individual pass band. A repeater can have one or several pass bands.



The definition of the pass band seems to be bit ambiguous, as it does not explicitly indicate whether the non-consecutive channel subsets belong to the same operating band or not. Hence, based on the pass band definition we could think of two possible cases depending on where each individual pass band could be located (assuming only two operating bands). That is, 1.) both pass bands would locate in the same operating band and 2.) only one pass band would locate in an operating band, see Figure 1.
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	(a)
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	(b)

	[bookmark: _Ref79004514]Figure 1: Possible individual pass band location options (a) within the same operating band (b) within two different operating bands


[bookmark: _Ref79137426]Observation 1: The agreed pass band definition does not clearly state whether each of those individual pass bands belong to the same operating band or not.  As a result, one could think the individual pass bands would locate in the same or different operating bands. 
In case if a repeater has several pass bands and if they are located in the same operating band, then the requirements defined for the operating band could be applied to each individual pass band. However, if the pass bands are from two different operating bands, then it may not be possible to have same requirements for all the pass bands, it may need different requirements for each pass band. For example, the BS specification states that depending on the BS type and the operating band the operating band edge () is changed [2, Sec. 6.6], thus indicating different requirements for different operating bands. One could similarly think in the same for the repeaters as well, i.e., different requirements for pass bands located in different operating bands, given that those operating bands have different requirements. In this case, one possible approach could be to use the same requirements for the pass band which are defined for each operating band (where the pass band is located). 
[bookmark: _Ref79137435]Proposal 3: When the pass bands are located in different operating bands, the requirement defined for each operating band could be used for the respective pass band. That is, if the requirements for each operating band are different, then requirements for each pass band would also be different.  
If a repeater could have more than one pass band, it would be essential to define some parameters to characterize the repeater pass bands. For example, similar to the sub-block gap  in contiguous and non-contiguous carrier aggregation. 
[bookmark: _Ref79137439]Proposal 4: Additional parameters would need to be defined to characterize multiple pass bands of a repeater. 
Another point to be noted is that whether the same RF components can be used in case of multiple pass bands which are located in different operating bands. One could think that if the operating bands are located close by then the same components can be used. However, it is unclear whether the same set of components could be used if the operating bands are located far apart. Thus, it may be wise to further investigate whether the aforementioned scenario (i.e., when the operating bands are located far apart) is a feasible implementation option for the RF repeaters and whether the repeater needs a separate set of components for each pass band. This may impact what level of performance is feasible and may need to be taken into account in defining the requirements.
[bookmark: _Ref79137444]Proposal 5: It would be good to consider whether requirements need to differ in cases where a repeater has two pass bands which are located either within two different operating bands or within the same band. 
2. Conclusion
In this contribution, we have discussed the multi-band operation aspects of NR repeaters. We have made following observation and proposals:
Proposal 1:  For repeater type 1-C, the implementation options used for BS type 1-C (to define the multi-band requirement) could be used.
Proposal 2: It makes sense to specify the requirements assuming that the same implementation option is used for the access and backhaul sides of a repeater.
Observation 1: The agreed pass band definition does not clearly state whether each of those individual pass bands belong to the same operating band or not.  As a result, one could think the individual pass bands would locate in the same or different operating bands.
Proposal 3: When the pass bands are located in different operating bands, the requirement defined for each operating band could be used for the respective pass band. That is, if the requirements for each operating band are different, then that of the pass band would also be different.
Proposal 4: Additional parameters would need to be defined to characterize multiple pass bands of a repeater.
Proposal 5: It would be good to consider whether requirements need to differ in cases where a repeater has two pass bands which are located either within two different operating bands or within the same band.
References
[1] [bookmark: _Ref68090752][bookmark: _Ref71144286][bookmark: _Ref67746847][bookmark: _Ref66807513][bookmark: _Ref67499305]R4-2108626, WF on Repeater System Parameters
[2] [bookmark: _Ref68090806]3GPP TS 38.104, 5G; NR; Base Station (BS) radio transmission and reception

3GPP
image1.png
Pass band 1 Pass band 2

T T
' '
>

Gap between the passbands

Operating band n; Operating band n




image2.png
Pass band 1 Pass band 2

1 . :
Gap between the passbands

Operating band n; Operating band n;




