	
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]3GPP TSG-RAN WG4 Meeting #104-e                                                                                      R4-2211658
Electronic Meeting, August 15 –August 26 2022

Source: 	CATT
Title: 	General consideration on mmWave multi-band BS
Agenda item:	11.4.2
Document for:	Approval
1. Introduction
In RAN #96 meeting, the Revised SID [1] on NR BS RF requirement evolution was agreed. Objective of SI is shown as follows:
	· [bookmark: OLE_LINK35]mmWave multi-band BS
Study the following aspects for FR2 multi-band BS:
· Example bands: 
· 26+28 GHz: n258 + n261
· 28+39 GHz: n257/n261 + n260
· 26+40 GHz: n258 + n259/n262
· 28+40 GHz: n257/n261 + n259/n262

· Investigate the feasibility and performance of wideband RF and antenna architectures covering multiple FR2 bands
· Investigate if FR1 multi-band methods are re-usable for FR2, and (if so) agree on the appropriate inter-RF BW gaps
· Investigate if FR1 exceptions are acceptable for FR2 
· Investigate whether a generic solution for all combinations within FR2-1 is possible and/or a solution for all or a part of the frequency range should be targeted
· Frequency range 24-29 GHz which includes n257/n258/n261
· Frequency range 37-48 GHz which includes n260/n259/n262
· Study the definition of FR2 multi-band BS



In this meeting, RAN4 work on NR BS RF requirement evolution starts. This contribution provides our general consideration on mmWave multi-band BS.
2. Discussion
Feasibility of FR2 multi-band BS
The radiated reference points for BS type 2-O defined in TS 38.104 is shown in Figure 2-1, for multi-band BS type 2-O, we need to discuss the feasibility and implementation structure of multi-band TRXUA(Transceiver Unit Array) and multi-band AA(Antenna Array).


Figure 2-1: Radiated reference points for BS type 2-O

The FBW (Fractional bandwidth) of FR2-1 operating bands and possible multi-band frequency range is shown in table 2-1.
Table 2-1 FBW of FR2-1 operating band
	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive
FUL,low   –  FUL,high
FDL,low   –  FDL,high
	Duplex mode
	Fractional bandwidth(FBW)

	n258
	24250 MHz – 27500 MHz
	TDD
	12.6%

	n257
	26500 MHz – 29500 MHz
	TDD
	10.7%

	n261
	27500 MHz – 28350 MHz
	TDD
	3%

	Frequency range 24-29 GHz  which includes n257/n258/n261
	24250 MHz –29500 MHz
	TDD
	19.5%

	n260
	37000 MHz – 40000 MHz
	TDD
	7.8%

	n259
	39500 MHz – 43500 MHz
	TDD
	9.6%

	n262
	47200 MHz – 48200 MHz
	TDD
	2.1%

	Frequency range 37-48 GHz which includes n260/n259/n262
	37000 MHz – 48200 MHz
	TDD
	26.3%

	Example bands:26+28 GHz: n258 + n261
	24250 MHz – 29500 MHz
	TDD
	19.5%

	Example bands:28+39 GHz: n257/n261 + n260
	26500 MHz – 40000 MHz
	TDD
	40.6%

	Example bands:26+40 GHz: n258 + n259/n262
	24250 MHz –  48200 MHz
	TDD
	66.1%

	Example bands:28+40 GHz: n257/n261 + n259/n262
	26500 MHz – 48200 MHz
	TDD
	58.1%



Referring to multi-band base station passive antennas specifications for mobile communication in China [2], for multi-band antenna with common radiated element, FBW of single-band antenna is less than 15%, FBW of wide-band antenna is between 15% and 25%, and FBW of ultra-wide band antenna is larger than 25%. When FBW is higher than 35%, as FBW becomes larger, it becomes more difficult to implement. 
From Table 2-1, FBW of 26+28 GHz is 19.5%. From perspective of antenna product, multi-band AA (Antenna Array) with common radiated element with 19.5% FBW in 26+28 GHz combination is feasible.
Observation 1: Multi-band AA (Antenna Array) with common radiated element with 19.5% FBW in 26+28 GHz combinations is feasible.
From Table 2-1, the FBW of Frequency range 24-29 GHz which includes n257/n258/n261 and Frequency range 37-48 GHz which includes n260/n259/n262 is 19.5% and 26.3%, respectively.  From perspective of antenna product, for FBW 19.5% and 26.3%, 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.
Observation 2: 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.  
From Table 2-1, FBW of 28+39 GHz, 26+40 GHz, and 28+40 GHz are 40.6%, 66.1%, and 58.1% respectively. From perspective of antenna product, for such larger FBW, multi-band AA (Antenna Array) with common radiated element for 28+39 GHz, 26+40 GHz, and 28+40 GHz combinations is not feasible. In this case, it is possible to use multiple separate single-band AAs (Antenna Array) for ultra-wide band combination, for example, one single-band AA is for frequency range 24-29 GHz  which includes n257/n258/n261, and another single-band AA is for frequency range 37-48 GHz which includes n260/n259/n262.
Observation 3: Multi-band AA (Antenna Array) with common radiated element with higher than 40.6% FBW in 28+39 GHz, 26+40 GHz, and 28+40 GHz combinations is not feasible.
Observation 4: It is possible to use multiple separate  single-band AAs (Antenna Array) for ultra-wide band combination, for example, one single-band AA is for frequency range 24-29 GHz  which includes n257/n258/n261, and another single-band AA is for frequency range 37-48 GHz which includes n260/n259/n262.
Multi-band BS type 2-O should be handled with generic requirement, and thus generic requirement should accommodate any combination of multi-band or single-band receivers and transmitters in TRXUA (Transceiver Unit Array) mapped into one multi-band AA or multiple separate single-band AAs through RDN. 
 The possible different implementations of TRXUA is as example in the following.
Example 1: Multi-band receivers and multi-band transmitters in TRXUA.
Example 2: Multi-band receivers and multiple single-band transmitters in TRXUA.
Example 3: Multiple single-band receivers and multi-band transmitters in TRXUA.
Example 4: Multiple single-band receivers and multiple single-band transmitters in TRXUA.
So, the possible different implementations of Multi-band BS type 2-O includes above four possible different implementations of TRXUA mapped into one multi-band AA or multiple separate single-band AAs through RDN.
Observation 5: Multi-band BS type 2-O should be handled with generic requirement, and thus generic requirement should accommodate any combination of multi-band or single-band receivers and transmitters in TRXUA (Transceiver Unit Array) mapped into one multi-band AA or multiple separate  single-band AAs through RDN.

Definition of FR2 multi-band BS
The multi-band RIB and single-band RIB defined in TS 38.104 are copied in follows:
	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.
single-band RIB: operating band specific RIB supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band RIB. 



According to above definition of multi-band RIB and single-band RIB, the definition of multi-band RIB is dependent on active RF components (TRXUA), and is independent on passive RF components (AA). Thus, all RIBs of example1 are multi-band RIBs, the all RIBs of example4 are single-band RIBs, and for example2, example3, all RIBs are combination of single-band RIBs and multi-band RIBs. 
According to definition of FR1 multi-band BS, FR2 multi-band BS can be defined as following:
BS type 2-O may be capable of supporting operation in multiple operating bands with one of the following implementations at the radiated interface boundary:
-	All RIBs are single-band RIBs.
-	All RIBs are multi-band RIBs.
-	A combination of single-band RIBs and multi-band RIBs provides support of the BS type 2-O capability of operation in multiple operating bands.
Observation 6: Definition of FR2 multi-band BS may be,
BS type 2-O may be capable of supporting operation in multiple operating bands with one of the following implementations at the radiated interface boundary:
-	All RIBs are single-band RIBs.
-	All RIBs are multi-band RIBs.
-	A combination of single-band RIBs and multi-band RIBs provides support of the BS type 2-O capability of operation in multiple operating bands.

Definitions and terminology for FR2 multi-band operation



Figure2-1: Graphical description of suggested terminology [3]
In TR 38.712, the graphical description of suggested terminology for FR1 multi-band methods are as defined in Figure 2-1. The definition of inter RF bandwidth gap, Base Station RF bandwidth in one operating band (for example, RF bandwidth of Band X, RF bandwidth of Band Y) in Figure 2-1 are defined in the following from TS 38.104. 
Inter RF Bandwidth gap: frequency gap between two consecutive Base Station RF Bandwidths that are placed within two supported operating bands
Base Station RF Bandwidth: RF bandwidth in which a base station transmits and/or receives single or multiple carrier(s) within a supported operating band
NOTE:	In single carrier operation, the Base Station RF Bandwidth is equal to the BS channel bandwidth.

As shown in Figure 2-1, the existing terminology inter RF bandwidth gap, Base Station RF bandwidth accurately describe the frequency gap relationship between two different operating bands. We believe that existing definitions of Inter RF Bandwidth gap and Base Station RF Bandwidth for multi-band operation can be reused for FR2 multi-band operation.
Observation 7: Existing definitions of Inter RF Bandwidth gap and Base Station RF Bandwidth for multi-band operation can be reused for FR2 multi-band operation.

Requirement for FR2 multi-band operation
Referring to TS 37.104[4], for BS capable of multi-band operation, the RF requirements defined for transmitter and receiver for each supported operating band are applicable unless otherwise stated. For some requirement, to add specific additions or exclusions to the requirement apply for BS capable of multi-band operation.
The specific additions or exclusions to OTA requirement for FR1 multi-band operation in TS 38.104 are listed in Table 2-2 below.
Table 2-2 specific additions or exclusions to OTA requirement for FR1 multi-band operation
	9.5.2	OTA transmitter OFF power
	[bookmark: _Hlk528438836]For multi-band RIBs and single band RIBs supporting transmission in multiple bands, the OTA transmitter OFF power requirement is only applicable during the transmitter OFF period in all supported operating bands.

	9.7.3	OTA Adjacent Channel Leakage Power Ratio (ACLR)
	For a multi-band RIB, the ACLR and CACLR requirement shall apply in Inter RF Bandwidth gaps for the frequency ranges.

	9.7.4	OTA operating band unwanted emissions
	For a multi-band RIB, the OTA operating band unwanted emissions requirements shall apply inside any Inter RF Bandwidth gap for the frequency ranges.

	9.7.5	OTA transmitter spurious emissions
	For multi-band RIB each supported operating band and ΔfOBUE MHz around each band are excluded from the OTA transmitter spurious emissions requirements.

	10.5.1	OTA adjacent channel selectivity
	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. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.

	10.5.2	OTA in-band blocking
	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.
For a multi-band RIBs, the OTA narrowband blocking requirements apply in the narrowband 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 the interfering signal minimum offset.

	10.6	OTA out-of-band blocking
	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 7.4.2.2 shall be excluded from the OTA out‑of‑band blocking requirement.

	10.7	OTA receiver spurious emissions
	For RX only multi-band RIB, the OTA RX spurious emissions requirements are subject to exclusion zones in each supported operating band.

	10.8	OTA receiver intermodulation
	For multi-band RIBs, the OTA 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.
For multi-band RIBs, the OTA narrowband intermodulation requirement shall apply in addition inside any Inter RF Bandwidth gap in case the gap size is at least as wide as the NR interfering signal The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.



As shown in Table 2-2, the inter RF bandwidth gap is used for defining requirement for FR1 OTA multi-band operation in TS 38.104. For FR1 OTA BS capable of multi-band operation, the RF requirements defined for radiated transmitter and receiver for each supported operating band are applicable unless otherwise stated. For some requirement, to add specific additions or exclusions to the requirement apply for BS capable of multi-band operation. 
We think existing method for requirement for FR1 multi-band operation can be reused for that for FR2 multi-band operation.
Observation 8:  The existing method for requirement for FR1 multi-band operation can be reused for that for FR2 multi-band operation. For FR2-1 BS capable of multi-band operation, the RF requirements defined for transmitter and receiver for each supported operating band are applicable unless otherwise stated. For some requirement, to add specific additions or exclusions to the requirement apply for BS capable of multi-band operation.

3. Conclusion
This contribution provides our general consideration on mmWave multi-band BS. The following observations are concluded as follows:
Observation 1: Multi-band AA (Antenna Array) with common radiated element with 19.5% FBW in 26+28 GHz combinations is feasible.
[bookmark: _GoBack]Observation 2: 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.  
Observation 3: Multi-band AA (Antenna Array) with common radiated element with higher than 40.6% FBW in 28+39 GHz, 26+40 GHz, and 28+40 GHz combinations is not feasible.
Observation 4: It is possible to use multiple separate  single-band AAs (Antenna Array) for ultra-wide band combination, for example, one single-band AA is for frequency range 24-29 GHz  which includes n257/n258/n261, and another single-band AA is for frequency range 37-48 GHz which includes n260/n259/n262.
Observation 5: Multi-band BS type 2-O should be handled with generic requirement, and thus generic requirement should accommodate any combination of multi-band or single-band receivers and transmitters in TRXUA (Transceiver Unit Array) mapped into one multi-band AA or multiple separate  single-band AAs through RDN.
Observation 6: Definition of FR2 multi-band BS may be,
BS type 2-O may be capable of supporting operation in multiple operating bands with one of the following implementations at the radiated interface boundary:
-	All RIBs are single-band RIBs.
-	All RIBs are multi-band RIBs.
-	A combination of single-band RIBs and multi-band RIBs provides support of the BS type 2-O capability of operation in multiple operating bands.
Observation 7: Existing definitions of Inter RF Bandwidth gap and Base Station RF Bandwidth for multi-band operation can be reused for FR2 multi-band operation.
Observation 8:  The existing method for requirement for FR1 multi-band operation can be reused for that for FR2 multi-band operation. For FR2-1 BS capable of multi-band operation, the RF requirements defined for transmitter and receiver for each supported operating band are applicable unless otherwise stated. For some requirement, to add specific additions or exclusions to the requirement apply for BS capable of multi-band operation.
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