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1 Introduction
There are 3 meetings remaining to finish the study item, at this stage we have agreed a number of key points in the form of WF agreements and started to populate the Technical Report.
As the rapporteur we think it’s a good time to begin discussing the summary of the SI and potential next steps.
2 Agreements so far
In RAN4#104bis the following agreements were captured in R4-2217450
[bookmark: _GoBack]Issue 1-1: Scenarios
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, i.e. only one band can be configured to operate at any time.
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 two bands which have overlapping spectrums, for example, n258+n257, and BS support no overlapping frequency range in the two bands.
Agreement:
· Scenarios 1), 4), 5) and 6) should be considered as the target scenarios to be studied in this SI while no study needed on the scenario 2) and 3) 
Issue 1-2:  Definition of multi-band RIB
Agreement:
· To reuse the current FR1 definition of multi-band RIB for FR2.
Issue 1-3:  Definition of multi-band BS
Agreement:
· [bookmark: historyclause]No need to introduce the definition of multi-band BS for FR2 into specification

In RAN4#104bis the following agreements were captured in R4-2217451
Issue 2-1: RF front-end
Agreement: 
· RAN4 reached consensus on below observations:
· Multi-band beamformer IC with common active RF components with 19.5% FBW in frequency range 24-29 GHz which includes n257/n258/n261 is feasible.
· For RF front-end, commercially available TRX chips cover 24-29.5GHz. 27-41GHz RX is implemented. A harmonic-selection technique is proposed to extend the receiver’s operating bandwidth up to 24.25-71GHz.

Issue 2-2: Antenna array
Agreement: 
· RAN4 reached consensus on below observation
· Multi-band AA (Antenna Array) with common radiated element with 19.5% FBW in frequency range 24-29 GHz which includes n257/n258/n261, or with 26.3% FBW in frequency range 37-48 GHz which includes n260/n259/n262 is feasible at least from antenna array aspect; other aspects FFS.

Issue 2-3: Phase shifters
Agreement: 
· RAN4 reached consensus on below observations:
· Multi-band frequency selective phase shifter might not be soon commercially available but should not be excluded specifically at this stage
· Multiple single band frequency selective phase shifter with common PA is possible while the impact to requirements/performance needs further study.

Issue 2-4: Frequency ranges/groups 
Agreement: 
· The maximum supported bandwidth and the combinations of supported band combinations/groups for FR2 multi-band RIB may be defined based on the feasibility study.

In RAN4#104bis the following agreements were captured in R4-2217452
Agreement:
· Existing definitions of Inter RF Bandwidth gap and Base Station RF Bandwidth for multi-band operation can be reused for FR2 multi-band operation.
· The existing method for requirement for FR1 multi-band operation can be reused for that for FR2 multi-band operation.
· The FR1 exceptions for spurious emissions, RX spurious emissions and out of band blocking could be applied in FR2-1, as well as all other multi-band considerations made for FR1 for transmit ON/OFF power, operating band unwanted emissions, transmitter/receiver intermodulation, in-band selectivity and blocking.

In RAN4#105 the following agreements were captured in R4-2220249
Issue 3-1: RF chain and general consideration
· Agreement:
·  Further study DPD aspect for multi-band supporting in FR2.

Issue 3-2: Frequency ranges/groups
· Agreement: 
· Rel-18 Study Item focus on the multi-band RIB within the same frequency group meanwhile the study on multi-band RIB across different groups not precluded.

Issue 3-4: Antenna array
· Agreement:
· Further study the impact of supporting multi-bands with separate antenna array used for each band
· RAN4 have common observation as following:
· MB BS supporting about 26G+40G has possible solution (e.g. stacked patches) from antenna implementation perspective. The performance impact needs to be further studied.
· It is possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands.
Issue 3-5: Phase shifters
· Agreement: 
· RAN4 reached below common observation
· Using single band phase shifters prior to a multi-band PA to steer each band separately is a possible approach and should not differentiate the multi-band requirements compared to other possible approaches of using single band or multi-band phase shifters.
3 Discussion
3.1	Technical feasibility
Considering the technical feasibility, the work has split into a number of sub-sections:
RF Front end
· It is agreed that percentage BW up to 19.5% is feasible
· Greater percentage BW’s are available for some identified circuits
Text capturing the agreements and the technical background are being submitted and reviewed for the TR however it seems that multiple band is feasible at least for some band groupings.
Antenna array
· It is agreed that percentage BW up to 19.5% is feasible
· It is agreed percentage BW of 26.5% is feasible for the antenna array
· Stacked patch solutions are available for 26G + 40G and diplexers can be implemented to divide the bands 
Text capturing the agreements and the technical background are being submitted and reviewed for the TR. It seems that wide band multiple band is feasible for some band groupings and split element approach can be applied to other bad groupings.
Phase shifters
· Multi-band phase shifters may not be available in the near future, but their implementation cannot be completely ruled out.
· Using multiple single band phase shifters is a valid approach both technically and for the system implementation.
Text capturing the agreements and the technical background are being submitted and reviewed for the TR. Using multiple single band phase shifters does not limit any potential band pairings.
In summary the technical feasibility study for the RF and antenna parts found that:
· Multi-band implementations with percentage BW of up to 19.5% are feasible.
· Where wide band solutions are not feasible (e.g. phase shifters) alternative architectural solutions are available to achieve a multi-band system.
· Multi-band implementations with greater percentage BW’s may be feasible in the future.
Proposal 1: As the summary for the technical feasibility the following 3 points are made:
· 	Multi-band implementations with percentage BW of up to 19.5% are feasible.
· Where wide band solutions are not feasible (e.g. phase shifters) alternative architectural solutions are available to achieve a multi-band system.
· Multi-band implementations with greater percentage BW’s may be feasible in the future.
3.2	Frequency groups
There have been a number of agreements on frequency groups and focusing the technical feasibility to limited percentage BW’s in frequency groups. These groups have become evident in the technical feasibility study items, in most cases some level of feasibility has been agreed so that multi-band systems can be shown to be feasible either with wide band circuits or multi-band system designs within frequency groups, notable 19.5% percentage BW has been agreed feasible in many cases. 
Multi-band systems across frequency groups however whilst not agreed feasible have not been excluded and as such may be feasible in the near future. 
Whilst this distinction should be made clear in the technical report there seems no benefit in limiting the definition or the implementation of multi-band in the technical specification, this will allow any feasible frequency pairs to be implemented without further modification of the technical specification.
This is consistent with the approach to FR1 where clearly the same situation exists with very large percentage BW’s between many bands but no restriction in the specification as to which bands can be paired ( as long as the requirements are met).
Proposal 2: the following points are captured in the summary
· Technical feasibility to frequency groups are captured in the Technical report
· Frequency groups and/or band pairing restrictions are not needed in the technical specification
3.3	Technical specification
A number of agreements on how FR2 multiple bands are handled in the technical specification have been captured.
· Reuse the current FR1 definition of multi-band RIB for FR2.
· No need to introduce the definition of multi-band BS for FR2 into specification
· Existing definitions of Inter RF Bandwidth gap and Base Station RF Bandwidth for multi-band operation can be reused for FR2 multi-band operation.
· The existing method for requirement for FR1 multi-band operation can be reused for that for FR2 multi-band operation.
· The FR1 exceptions for spurious emissions, RX spurious emissions and out of band blocking could be applied in FR2-1, as well as all other multi-band considerations made for FR1 for transmit ON/OFF power, operating band unwanted emissions, transmitter/receiver intermodulation, in-band selectivity and blocking.
It is clear the changes needed to the technical specification for FR2 multi-band are to follow the same approach as FR1, in many cases the definitions are not frequency range specifically and the existing FR1 definitions can be applied without modification. As such the changes to the TS to implement the FR2 multi-band requirements are straight forward.
The agreements made on how to handle the specification of the FR2 multi-band are consistent with proposal 2 in this paper.
Proposal 3: Update the TS to include FR2 multi-band using the same approach as FR1 multi-band, re-using FR1 definitions.
4 Summary
Whilst there are 3 meetings left to finish the SI and a few open technical questions remain to reach conscious we believe there is sufficient progress on technical issue that we can discuss the final summary of the SI and make proposals for the findings and further work. This paper has discussed the agreements made so far and tried to summarise those agreements to begin the work on a conclusion for the SI, the proposals are:
Proposal 1: As the summary for the technical feasibility the following 3 points are made:
· 	Multi-band implementations with percentage BW of up to 19.5% are feasible.
· Where wide band solutions are not feasible (e.g. phase shifters) alternative architectural solutions are available to achieve a multi-band system.
· Multi-band implementations with greater percentage BW’s may be feasible in the future.
Proposal 2: the following points for frequency groups are captured in the summary
· Technical feasibility to frequency groups are captured in the Technical report
· Frequency groups and/or bad pairing restrictions are not needed in the technical specification
Proposal 3: Update the TS to include FR2 multi-band using the same approach as FR1 multi-band, re-using FR1 definitions.
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