3GPP TSG-RAN WG4 Meeting # 105												R4-22XXXXX
Toulouse, France, November 14th – November 18th , 2022

Agenda item:			8.4.3
Source:	Moderator (Huawei)
Title:	Topic summary for [105][307] FS_NR_BS_RF_evo
Document for:	Information
Introduction
This contribution provides a topic summary of contributions submitted at RAN4#105 for the SI on NR BS RF requirement evolution. The contributions are in agenda 8.4, which includes:
· Topic #1: General
· Topic #2: Requirements of FR2-1 multi-band BS
· Topic #3: Feasibility of FR2-1 multi-band BS 

Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2219148
	Huawei, HiSilicon
	TR 38.877 v0.1.0



Open issues summary
Sub-topic 1-1
Issue 1-1: TR update 38.877 v0.1.0
· Proposals
· Option 1: Approve the TR 38.877 v0.1.0 (R4-2219148)
· Option 2: Revise R4-2219148
· Recommended WF
· Option 1

Topic #2: Requirements of FR2-1 multi-band BS
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218324
	Nokia, Nokia Shanghai Bell
	TP to TR 38.877: Requirements of FR2-1 multi-band BS

	R4-2218468
	CATT
	TP for TR 38.877: On definition of FR2-1 multi-band BS in clause 6.1

	R4-2218467
	CATT
	Observation 1: No need to add specific addition for FR2-1 multi-band RIB.
Observation 2: Need to add specific addition for FR2-1 multi-band RIB in sub-clause 9.7.3.3 as below: 
For a multi-band RIB, the ACLR requirement in clause 9.7.3.3 shall apply in Inter RF Bandwidth gaps for the frequency ranges defined in table 9.7.3.3-3, while the CACLR requirement in clause 9.7.3.3 shall apply in Inter RF Bandwidth gaps for the frequency ranges defined in table 9.7.3.3-4. 
Observation 3: Need to add Wgap with “Inter RF Bandwidth gap size” and BS adjacent channel centre frequency offset with “Base Station RF Bandwidth edge” for FR2-1 multi-band RIB in Tables 9.7.3.3-3 and 9.7.3.3-4.
Observation 4: Need to add specific addition for FR2-1 multi-band RIB in sub-clause 9.7.4.3.1 as below: 
For a multi-band RIB inside any Inter RF Bandwidth gaps with Wgap < 2*ΔfOBUE, a combined basic limit shall be applied which is the cumulative sum of the basic limits specified at the Base Station RF Bandwidth edges on each side of the Inter RF Bandwidth gap. The basic limit for Base Station RF Bandwidth edge is specified in clauses 9.7.4.3.2 to 9.7.4.3.3 below, where in this case:
-	f is the separation between the Base Station RF Bandwidth edge frequency and the nominal -3 dB point of the measuring filter closest to the Base Station RF Bandwidth edge.
-	f_offset is the separation between the Base Station RF Bandwidth edge frequency and the centre of the measuring filter.
-	f_offsetmax is equal to the Inter RF Bandwidth gap minus half of the bandwidth of the measuring filter.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
Observation 5: Need to add specific exclusion for FR2-1 multi-band RIB in sub-clause 9.7.5.3.1 as below: 
For multi-band RIB each supported operating band and ΔfOBUE MHz around each band are excluded from the OTA transmitter spurious emissions requirements.
Observation 6: Need to add specific addition for FR2-1 multi-band RIB in sub-clause 10.5.1.3 as below: 
For multi-band RIBs, the OTA ACS requirement shall apply in addition inside any Inter RF Bandwidth gap, in case the Inter RF Bandwidth gap size is at least as wide as the NR interfering signal in table 10.5.1.3-2. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.
Observation 7: Need to add specific addition for FR2-1 multi-band RIB in sub-clause 10.5.2.3 as below: 
For multi-band RIBs, the OTA in-band blocking requirements apply in the in-band blocking frequency ranges for each supported operating band. The requirement shall apply in addition inside any Inter RF Bandwidth gap, in case the Inter RF Bandwidth gap size is at least as wide as twice the interfering signal minimum offset in table 10.5.2.3-1.
Observation 8: Need to add specific exclusion for FR2-1 multi-band RIB in sub-clause 10.6.3.1 as below: 
For a multi-band RIB, the OTA out-of-band requirement shall apply for each supported operating band, with the exception that the in-band blocking frequency ranges of all supported operating bands according to clause 10.5.2.3 shall be excluded from the OTA out of band blocking requirement.
Observation 9: Need to add specific exclusion for FR2-1 multi-band RIB in sub-clause 10.7.3 as below: 
For RX only multi-band RIB, the OTA RX spurious emissions requirements are subject to exclusion zones in each supported operating band.
Observation 10: Need to add specific addition for FR2-1 multi-band RIB in sub-clause 10.8.3 as below: 
For multi-band RIBs, the intermodulation requirement shall apply in addition inside any Inter RF Bandwidth gap, in case the gap size is at least twice as wide as the NR interfering signal centre frequency offset from the Base Station RF Bandwidth edge in Table 10.8.3-2.

	R4-2219150
	Huawei, HiSilicon
	TP for definition of FR2 multi-band BS

	R4-2219155
	Huawei, HiSilicon
	TP on MB RIB requirements



Open issues summary
Sub-topic 2
Issue 2-1: TP on definition of FR2 multi-band BS
· Proposals
· Option 1: TP in R4-2218468
· Option 2: TP in R4-2219150
· Recommended WF
· The two TPs cover the same topic similarly and can be merged

Issue 2-2: TP on multi-band RIB requirements
· Proposals
· Option 1: TP in R4-2218324
· Option 2: TP in R4-2219155
· Option 3: to capture the observations in R4-2218467
· Recommended WF
· The 3 contributions cover the same topic similarly and can be merged

Topic #3: Feasibility of FR2-1 multi-band BS
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218325
	Nokia, Nokia Shanghai Bell
	Observation 1: Optimization for multi-band antenna array with large bandwidth separation between operating bands becomes extremely difficult due to the trade-off among directivity, scanning range and mutual coupling effect of antenna elements. Thus, supporting bandwidth of a multi-band RIB needs to be limited to make common multi-band antenna array feasible.
Observation 2: In tightly integrated PA and antenna array architecture, which is common for FR2 devices, due to the direct interaction between antenna arrays and PAs, the steering angles and mutual coupling effects have remarkable nonlinear impacts to the matching impedance of the PAs, which likely degrades the PA’s efficiency and linearity. In the case of wideband covering multiple frequency range
Observation 3: For FR2 multi-band radios using multiband PAs, DPD may be more demanding as power efficiency and linearity of the radio system may be degraded due to the stronger impact of steering angles and mutual coupling of the array on wideband/multi-band PA output matching, as well as potentially complex characteristics of multi-band signals going through the PAs.
Observation 4: Band combinations within frequency groups with FBW < 19.5% seems to be feasible from component and system level point of view.
Observation 5: Feasibility of band combinations across different frequency groups with FBW > 19.5% are still early to be concluded due to lacking evidence from RF chain-level performance point of view. Furthermore, band combination with FBW > 19.5% would not be feasible in the context of common wideband antenna array for all operating bands.
Proposal 1: To clarify if antenna array in a multiband RIB is common for all operating bands or separate antenna array will be used for each operating band after the common PA as it is critical for defining a feasible maximum supporting bandwidth for multiband RIBs, and for feasibility study of wideband RF components (e.g., in tightly integrated PA-antenna array architecture).
Proposal 2: To consider DPD in multi-band BS using multi-band RIBs, and/or to study behavior of efficiency and linearity of the multiband system and their impact to the current multi-band RIB requirements.
Proposal 3:  To limit the FBW of band combinations below 19.5%.

	R4-2218771
	Murata Manufacturing Co Ltd.
	Observation 1:	To support different frequency group with Multiple single band frequency selective phase shifter with common PA, a diplexer is required between antenna and PA.
Observation 2:	Possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands.
Observation 3:	The feasibility of frequency-selective PS and common PA which supports across the different frequency group needs further study. So we recommend that Rel-18 Study Item focus on the multi-band RIB within the same frequency group.

	R4-2219149
	Huawei, HiSilicon
	Observation 1: Paper [3]showed a 27.48-28.50/36.94-40.43 GHz 2×2 dual-band dual-polarized array antenna, the simulated boresight gain is larger than 8.5 dBi and 10 dBi, and isolation between the vertical and horizontal polarization is lower than -20 dB.
Observation 2: Paper [4] showed a 24-28 GHz and 36-42 GHz dual-band antenna array. The beam scanning angles of the antenna array are about ±60◦ and ±45◦ in the LB and the HB, respectively.
Observation 3: Paper [5] presented a prototype of 2 × 2 23.3-31.7/42.5-46.5 GHz dual-band and dual-polarized antenna array with average gains of 12 and 13.1 dBi, respectively. A 3 dB beam scanning angle from −51◦ to 43◦ at 27 GHz and −28◦ to 30◦ at 45 GHz was obtained. 
Observation 4: Paper [6] presented a 26.5-29 GHz and 37-41 GHz 8×4 dual-band dual-beam TRX phased-array based on commercial SiGe 2×2 beamformer chips and printed dual-band stacked patch antennas. It demonstrates a measured EIRP of 40 dBm. The array is capable of scanning ±55° in azimuth plane and ±40° in elevation plane at both frequencies. 
Proposal 1: MB BS supporting about 26G+40G has feasible solution from antenna implementation perspective.

	R4-2219151
	Huawei, HiSilicon
	Observation 1: 26+28 GHz, 28+39 GHz, 26+40 GHz, 28+40 GHz band combinations are listed in the SID as example bands
Observation 2: the max supported bandwidth and supported band combinations/groups are not defined in existing specification for FR1.
Observation 3: Limiting the range of the MB RIB would not change any actual requirement hence it is unnecessary.
Observation 4: Fractional bandwidth (FBW) is defined for single band and is not suitable for multi-band RIB scenarios.
Proposal 1: no need to define the maximum supported bandwidth and the combinations of supported band combinations/groups for FR2 multi-band RIB. The requirements are defined in a general way and meeting them is left to implementation.

	R4-2219152
	Huawei, HiSilicon
	In the last meeting the WF [R4-2217451] was approved with some agreed observations on WB RF front feasibility. 
0. [bookmark: _Hlk118127861]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.
0. 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.
This TP captures those agreements and attempts to capture some of the background technical information in the TR

	R4-2219153
	Huawei, HiSilicon
	In the last meeting the WF [R4-2217451] was approved with some agreed observation the Antenna array. This TP captures those agreements along with some background behind.
· 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.

	R4-2219154
	Huawei, HiSilicon
	Proposal 1: using single band phase shifters prior to a multi-band PA to steer each band separately is a valid approach and should have no impact on the multi-band requirements

	R4-2219373
	ZTE Corporation
	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.

	R4-2219642
	Ericsson
	This contribution provides a TP on FR2 multi-band BS aspects that should be considered



Open issues summary
Sub-topic 3
Issue 3-1: RF chain and general consideration
· Observations/proposals on feasibility study from contributions at this meeting:
· 
· Proposal 1: To consider DPD in multi-band BS using multi-band RIBs, and/or to study behaviour of efficiency and linearity of the multiband system and their impact to the current multi-band RIB requirements. (R4-2218325)
· Proposal 2: TP on FR2 multi-band BS aspects that should be considered (R4-2219642)
· Recommended WF
· Discuss on these proposals and decide what need be considered or further studied in feasibility study


Issue 3-2: Frequency ranges/groups
Agreements at RAN4#104-bis-e
· [bookmark: _GoBack]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.

· Proposals on feasibility study from contributions at this meeting:
· Option 1: To limit the FBW of band combinations below 19.5% (R4-2218325)
· Option 2: Rel-18 Study Item focus on the multi-band RIB within the same frequency group (R4-2219373, R4-2218771)
· Option 3: no need to define the maximum supported bandwidth and the combinations of supported band combinations/groups for FR2 multi-band RIB. The requirements are defined in a general way and meeting them is left to implementation. (R4-2219151)
· Recommended WF
· TBA


Issue 3-3: RF front-end
Agreements at RAN4#104-bis-e
· 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.

· Observations/proposals on feasibility study from contributions at this meeting:
· Observation 1: for multi-band operation across different frequency group, it is challenging to support by the same power amplifier or driver amplifier. (R4-2219373)
· Observation 2: 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. (R4-2219373)
· Proposal 1: TP on RF front-end in R4-2219152

· Recommended WF
· Discuss on these observations and indicate which observations would be acceptable to capture it in the TR as RAN4 common understanding
· Collect the comments on the TP and revise it if needed

Issue 3-4: Antenna array
Agreements at RAN4#104-bis-e
· 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.

· Observations/proposals on feasibility study from contributions at this meeting:
· Proposal 1: To clarify if antenna array in a multiband RIB is common for all operating bands or separate antenna array will be used for each operating band after the common PA as it is critical for defining a feasible maximum supporting bandwidth for multiband RIBs, and for feasibility study of wideband RF components (e.g., in tightly integrated PA-antenna array architecture). (R4-2218325)
· Observation 1: MB BS supporting about 26G+40G has feasible solution (e.g. stacked patches) from antenna implementation perspective (R4-2219149)
· Observation 2: a diplexer is required between multi-band AA and common PA. It is Possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands (R4-2218771)
· Proposal 2: TP on antenna array in R4-2219153

· Recommended WF
· Discuss on these observations and indicate which observations would be acceptable to capture it in the TR as RAN4 common understanding
· Collect the comments on the TP and revise it if needed


Issue 3-5: Phase shifters
Agreements at RAN4#104-bis-e
· 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.

· Observations/proposals on feasibility study from contributions at this meeting:
· Observation 1: using single band phase shifters prior to a multi-band PA to steer each band separately is a valid approach and should have no impact on the multi-band requirements (R4-2219154)

· Recommended WF
· Discuss on the observation and indicate whether it would be acceptable to capture it in the TR as RAN4 common understanding

