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Introduction
In RAN#95e meeting, the work item [RP-221001] on study on NR BS RF requirement evolution was approved as one of Rel-18 RAN4 package. During the last RAN4 meeting, we have some initial discussions and reached some high level guidance for further discussions. In this contribution, we want to share some further understandings on the multi-band RIB in FR2.
· Agreement: 
· To investigate if the FR1 definition of multi-band RIB can be re-used for FR2
· To revisit the definition of multi-band BS for FR2, and clarify whether the following scenarios should be considered as multi-band BS 
1) Multi-band transmitter and/or receiver with common active RF components
2) Single-band transmitter and receiver 
3) Configurable BS for different bands with the same hardware
4) BS covers full-band or sub-band of band A and band B
5) BS covers consecutive spectrums with different band number, for example, n258+n261
6) BS covers overlapping spectrums with different band number, for example, n258+n257
· FFS whether need to introduce the definition of multi-band BS for FR2 into specification 
[bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK14]Discussion  
The motivation to support FR2 multi-band gNB could be understandable since there were some inter-band combinations already supported in TS38.101-2, it seems reasonable to have multi-band RIB/gNB in FR2, however as indicated in the objective we need to investigate the feasibility and performance of wideband RF, phase shifter and antenna architecture covering multiple FR2 bands e.g. whether it’s feasible to support this multi-band operation in FR2 from hardware perspective and how to specify the requirement based on the baseline hardware assumption.
First of all, FR2 spectrum could be group into two different frequency group as shown in Figure 2.1. For the supported inter-band combination as documented in TS 38.101-2 17.6.0, the component operation bands could come from different frequency group. For inter-band DL CA within same frequency group, there were some discussions on CBM within the same frequency group in Rel-17 FR2 UE RF enhancement, however there were no consensus reached on the RF requirement definition at the end for FR2 UE RF CBM requirement in Rel-17. 
In addition, based the specified FR2 inter-band CA until now, it seems that inter-band CA among different frequency groups draw more commercial interest from the operators and the corresponding UE RF requirement is also more complete, however it’s also quite clear that it’s more challenging to support the inter-band CA with multi-band operation at BS side.
During the last RAN4 meeting, there were some comments that inter-band CA are different concept than multi-band operation in FR2. I also admit that, however we want to highlight here is that to support the inter-band CA with multi-band operation. 
For inter-band CA within the same frequency group, it should be more easier due to its narrower supported frequency range, then it should be more easier to support it with multi-band operation at BS side, however it draw less commercial interest from the operators. 
[image: ]
Figure 2.1. the illustration of the existing FR2 band

Table 5.2A.2-1: Inter-band CA operating bands in FR2 [TS 38.101-2]
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n257-n2591
	n257, n259

	CA_n258-n2601
	n258, n260

	[bookmark: OLE_LINK1]CA_n258-n2611
	n258, n261

	CA_n260-n2611
	n260, n261

	NOTE 1:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between inter-band NR carriers in the current version of this specification.



Observation 1:
	
	Pros
	Cons

	multi-band operation among different frequency groups
	To support the inter-band CA with multi-band operation at BS side might draw more commercial interest from the operators and the corresponding UE RF requirement is also more complete
	More challenging to support it with multi-band operation at BS side.


	multi-band operation within the same frequency group
	Easier due to its narrower supported frequency range
	Draw less commercial interest from the operators at least from supporting the inter-band CA with multi-band operation.



	Note 1: not sure to support the different bands from different operators with multi-band operation is practical implementation. Based on the legacy design, the AAU equipment is more or less targeted to single operator’s holding spectrum. 



2.1. Feasibility study for FR2 multi-band operation
In the following section, both multi-band operation across different frequency group and within the same frequency group would be discussed in details.
For multi-band operation across different frequency group, based on the existing definition for multi-band RIB in TS 38.104 as following, there should be some common active RF components within BS RF chain to process two or more carriers from different frequency group. The general FR2 BS architecture is shown in Figure 2.1.1 for the convenience of the discussions. Generally speaking, similar as FR1 multi-band operation, wideband RF components e.g. PA within the antenna sub-array, phase shifter within the sub-array and antenna array supporting lager frequency range should be feasible to support multi-band operation in FR2.

Due to the large frequency gap between 28GHz and 39GHz or 26GHz and 40GHz or 28GHz and 40GHz , it seems that it is difficult to use shared active RF components to process carriers from different frequency group from the available commercial PA components [3]. From power amplifier perspective, for most of commercial available power amplifier or driver amplifier for FR2 NR BS, its supported frequency range is still limited within the same frequency group. For the receiver LNA, it supported frequency range would cover different frequency groups. In other words, even though BS capable of supporting multi-band operation in different frequency group, the component RIBs are still single-band RIBs. Except for the commercial available power amplifier as mentioned before, as also investigated in [6], there would be relative big difference of antenna directivity between different frequency groups due to its large frequency spanning and it actual difference value could be even up to 5.78dB for 26-40GHz multi-band operation. In addition, the frequency selective phase shifter for multi-band BS cannot be treated as baseline assumption at the current phase due to its manufacturing and availability.
[image: ]
Figure 2.1.1. the general diagram for FR2 BS

Observation 2: for multi-band operation across different frequency group, it is challenging to support by the same power amplifier or driver amplifier. 

For multi-band operation within the same frequency group, based on the definition for multi-band RIB in TS38.104 as following, the component band cannot be sub-band of another operating band, therefore n257+n261 is not applicable here. 
multi-band RIB: operating band specific RIB associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band.

For the example band band combination, 26+28 GHz: n258 + n261, it seems that it is still feasible to use shared active RF components to process carriers within the same frequency group from the available commercial PA components [3]. From power amplifier perspective, for most of power amplifier or driver amplifier,its supported frequency range is limited within the same frequency group.
Observation 3: for multi-band operation of example band combination 26+28 GHz: n258 + n261 it seems feasible to support by the same power amplifier or driver amplifier. 
Based on the above considerations, the following proposal is made:
Proposal 1: to focus the multi-band RIB within the same frequency group in Rel-18.
2.2. Definition of multi-band RIB
For the definition of multi-band RIB for FR2, if there is no other specific reasons, we propose to use the same definition as FR1 which could serve the same purpose of FR1 BS.
Proposal 2: to follow the same definition of FR1 multi-band RIB for FR2 multi-band RIB.
Conclusions
In this contribution, we want to share some further understandings on the multi-band operation in FR2 and proposals are made as following:
Observation 1:
	
	Pros
	Cons

	multi-band operation among different frequency groups
	To support the inter-band CA with multi-band operation at BS side might draw more commercial interest from the operators and the corresponding UE RF requirement is also more complete
	More challenging to support it with multi-band operation at BS side.


	multi-band operation within the same frequency group
	Easier due to its narrower supported frequency range
	Draw less commercial interest from the operators at least from supporting the inter-band CA with multi-band operation.



	Note 1: not sure to support the different bands from different operators with multi-band operation is practical implementation. Based on the legacy design, the AAU equipment is more or less targeted to single operator’s holding spectrum. 


Observation 2: for multi-band operation across different frequency group, it is challenging to support by the same power amplifier or driver amplifier.
Observation 3: for multi-band operation of example band combination 26+28 GHz: n258 + n261 it seems feasible to support by the same power amplifier or driver amplifier. 
Proposal 1: to focus the multi-band RIB within the same frequency group in Rel-18.
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