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1 Introduction
We have submitted a draft WID for a new WI on BS multi-band requirements for mm Wave (FR2) band. This paper offers some background on the multi-band requirements for FR1 and how they might apply to FR2 and the extent of the work needed to update the FR2 requirement to cover multi-band.
2 Discussion
The important definitions when considering multi-band requirements are summarised below:
[image: ]
Requirements are modified to either include or exclude one of these defined frequency ranges.
2.1 Definitions
Bot multi-band connectors and multi-band RIBs are defined as follows:
multi-band connector: Antenna Connector of BS type 1-C or TAB connector of BS type 1-H 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
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
FR2 requirements are OTA only so the multi-band connector being FR1 specific is not an issue.
The multi-band RIB definition can apply equally well to FR2 and FR1, no change is needed.
2.2 Requirements for BS capable of multi-band operation
Section 4.8 of the BS requirements details how multi-band requirements apply to multi transceiver AAS applications.
Some statements are specific to conducted requirements and hence would not be applicable to FR2. Key parts of the text are:
For multi-band connector or multi-band RIB, the RF requirements in clause 6, 7, 9 and 10 apply separately to each supported operating band unless otherwise stated. For some requirements, it is explicitly stated that specific additions or exclusions to the requirement apply at multi-band connector(s), and multi-band RIB(s) as detailed in the requirement clause.
This statement clearly defines the nature of the multi-band requirements and that they are specifically highlighted in the relevant sections.
Radiated requirements, specifically 1-O are covered by the following text
BS type 1-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 1-O capability of operation in multiple operating bands.
For multi-band connectors and multi-band RIBs supporting the bands for TDD, the RF requirements in the present specification assume no simultaneous uplink and downlink occur between the bands.
The RF requirements for multi-band connectors and multi-band RIBs supporting bands for both FDD and TDD are not covered by the present release of this specification.
The addition of BS type 2-O would allow the same text to apply to FR2.
2.3	RF requirements
2.3.1	TX OFF
For multi-band RIBs the following restriction applies:
[bookmark: _Hlk528438836]For multi-band RIBs and single band RIBs supporting transmission in multiple bands, the requirement is only applicable during the transmitter OFF period in all supported operating bands.
As it’s already stated in sub-clause 4.8 that no simultaneous uplink and downlink exists between the bands (i.e. they are synchronised) this is perhaps obvious. However the statement is equally valid for FR1 and FR2 and as it is in the general section applies to both FR1 and FR2 minimum requirements
No change needed
2.3.2	ACLR
For the ALCR requirement the multi-band requirement specifies how the requirement applies to the Inter RF bandwidth gaps, it is written in the minimum requirement for type 1-O and hence does not apply to FR2 type 2-O.
For a multi-band RIB, the ACLR requirement in clause 6.6.3.2 shall apply in Inter RF Bandwidth gaps for the frequency ranges defined in table 6.6.3.2-2a, while the CACLR requirement in clause 6.6.3.2 shall apply in Inter RF Bandwidth gaps for the frequency ranges defined in table 6.6.3.2-3.
The Inter RF bandwidth gaps are defined as follows:
Inter RF Bandwidth gap: frequency gap between two consecutive Base Station RF Bandwidths that are placed within two supported operating bands
This is equally applicable to FR1 or FR2 so no change is needed.
The frequency ranges defined in table 6.6.3.2-2a are as follows:
Table 6.6.3.2-2a: Base Station ACLR limit in non-contiguous spectrum or multiple bands
	BS channel bandwidth of lowest/highest carrier transmitted BWChannel (MHz)
	Sub-block or Inter RF Bandwidth gap size (Wgap) where the limit applies (MHz)
	BS adjacent channel centre frequency offset below or above the sub-block or Base Station RF Bandwidth edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	5, 10, 15, 20
	Wgap ≥ 15 (Note 3)
Wgap ≥ 45 (Note 4)
	2.5 MHz
	5 MHz NR (Note 2)
	Square (BWConfig)
	45 dB

	
	Wgap ≥ 20 (Note 3)
Wgap ≥ 50 (Note 4)
	7.5 MHz
	5 MHz NR (Note 2)
	Square (BWConfig)
	45 dB

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Wgap ≥ 60 (Note 4)
Wgap ≥ 30 (Note 3) 
	10 MHz
	20 MHz NR (Note 2)
	Square (BWConfig)
	45 dB

	
	Wgap ≥ 80 (Note 4)
Wgap ≥ 50 (Note 3)
	30 MHz
	20 MHz NR (Note 2)
	Square (BWConfig)
	45 dB

	NOTE 1:	BWConfig is the transmission bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 5, 10, 15, 20 MHz.
NOTE 4:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.



As we have different BS channel BW’s for FR2 it will be necessary to have a similar table covering the FR2 channel BW’s. However the FR2 requirements already have sub-block gaps defined for operating in a single band with non-contiguous spectrum
Table 9.7.3.3-3: BS type 2-O ACLR limit in non-contiguous spectrum
	BS channel bandwidth of lowest/highest carrier transmitted (MHz)
	Sub-block gap size (Wgap) where the limit applies (MHz)
	BS adjacent channel centre frequency offset below or above the sub-block edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	50, 100
	Wgap≥ 100 (Note 5)
Wgap≥ 250 (Note 6)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	200, 400
	Wgap≥ 400 (Note 6)
Wgap≥ 250 (Note 5) 
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	NOTE 1:	BWConfig is the transmission bandwidth configuration of the assumed adjacent channel carrier.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz.
NOTE 5:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 50 or 100 MHz.
NOTE 6:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 200 or 400 MHz.



For FR1 the same sub-block gaps are used for multi-band and operation in non-contiguous spectrum so it seems the same can be applied to FR2. 
Currently the requirement for 24.25 – 33.4 GHz is different for that of 37 – 52.6 GHz, with the existing bands (n257 to n262) if the Inter RF Bandwidth gap crosses this range tehn there are both unspecified frequencies and also a step in requirement level at some point. 
Action 1: agree he sub-block gaps for the FR2 non-contiguous spectrum can be applied to FR2 multi-band.
Action 2: Extend the ranges in note 3 and 4 to ensure the Inter RF bandwidth gaps are covered.
Action 3: Discuss the scenario of bands spanning the ranges defined in note 3 and 4 and the step in the requirement.
The Inter sub-block gaps for CALCR for FR2 in non-contiguous spectrum are also defined the same set of actions need to be take for the CACLR need to be taken.
Action 4: agree a set of sub-block gaps for FR2 channel BW’s for CACLR multi-band.
2.3.3	OBUE
Similar to ACLR the FR1 multi-band requirements are defined in the minimum requirement for BS type 1-O and hence are currently applicable only for FR1.
The nature of the multi-band requirements are similar to those for ACLR in that they apply in the defined Inter RF bandwidth gaps.
For a multi-band RIB, the requirements shall apply inside any Inter RF Bandwidth gap for the frequency ranges defined in clause 6.6.4.1.
From sub-clause 6.6.4.1 the applicable text is:
In addition, for a BS operating in multiple bands, the requirements apply inside any Inter RF Bandwidth gap.
And
For a multi-band connector 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 6.6.4.2.1 to 6.6.4.2.4 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.
For a multi-band connector, the operating band unwanted emission limits apply also in a supported operating band without any carrier transmitted, in the case where there are carrier(s) transmitted in another supported operating band. In this case, no cumulative basic limit is applied in the inter-band gap between a supported downlink operating band with carrier(s) transmitted and a supported downlink operating band without any carrier transmitted and
-	In case the inter-band gap between a supported downlink operating band with carrier(s) transmitted and a supported downlink operating band without any carrier transmitted is less than 2*ΔfOBUE, f_offsetmax shall be the offset to the frequency ΔfOBUE MHz outside the outermost edges of the two supported downlink operating bands and the operating band unwanted emission basic limits of the band where there are carriers transmitted, as defined in the tables of the present clause, shall apply across both downlink bands.
-	In other cases, the operating band unwanted emission basic limits of the band where there are carriers transmitted, as defined in the tables of the present clause for the largest frequency offset (fmax), shall apply from ΔfOBUE MHz below the lowest frequency, up to ΔfOBUE MHz above the highest frequency of the supported downlink operating band without any carrier transmitted.
These requirements are perhaps a little hard to pick apart for OTA as they are specifically written for connectors and hence conducted requirements. The instruction is that the requirements apply inside the Inter RF Bandwidth gap for the frequency ranges defined in clause 6.6.4.1. As such it’s only the Inter RF Bandwidth gap definitions which are applicable to OTA. It’s actually not clear that the 2nd multi-band requirement applies to OTA as it is not defining an Inter RF Bandwidth gap and hence the reference to the section does not really include it. Although its relatively clear that this should apply to OTA as well as conducted! Possibly this reference could be improved.
Observation 1: FR1 OTA multi-band definition referencing does not completely define the requirement.
As there are no FR2 conducted requirements the FR2 OTA requirement is not referred but written out. This will make the addition of a multi-band requirement easier to implement.
Once again there are requirements defined for RIBs operating non-contiguous spectrum which are very similar to multi-band requirements. For the non-contiguous requirements the requirements apply to sub-block gaps (rather than Inter RF Bandwidth gaps).
If the FR1 approach is taken the requirement should be applied to Inter RF Bandwidth gaps with Wgap < 2*ΔfOBUE.
Note currently I is applied toΔfOBUE outside the operating band.
Action 5: agree the applicability inside the  Inter RF Bandwidth gaps for FR2 (potentially copy FR1 where Inter RF Bandwidth gaps with Wgap < 2*ΔfOBUE.).
2.3.4	Spurious emissions
For the transmitter spurious emission requirements when specifying multi-band the operating bands are excluded for the spurious emission requirements (as they are of course covered by the in-band requirements OBUE and ALCR). In FR1 this is done in the general section for the BS type 1-O minimum requirements as follows:
For multi-band RIB each supported operating band and ΔfOBUE MHz around each band are excluded from the OTA transmitter spurious emissions requirements.
This is a pretty simple exclusion and can logically be applied to FR2 as well
Action 6: apply the SE operating band exemption to FR2 multi-band
2.3.5	Additional spurious emissions
The FR1 OTA additional requirements reference the conducted sub-clause where there are exclusion made in the notes columns of the tables.
The spurious emission basic limits are provided in table 6.6.5.2.3 -1 for a BS where requirements for co-existence with the system listed in the first column apply. For a multi-band connector, the exclusions and conditions in the Note column of table 6.6.5.2.3 -1 apply for each supported operating band.
For example in table 6.6.5.2.3-1 we have:
	System type for NR to co-exist with
	Frequency range for co-existence requirement
	Basic limits
	Measurement bandwidth
	Note

	E-UTRA Band 42
	3400 – 3600 MHz
	-52 dBm
	1 MHz
	This is not applicable to BS operating in Band n48, n77 or n78.



It would seem that this is not strictly a multi-band requirement as the notes cover bands which overlap the  co-existence band.
IN FR2 the only additional requirements are regulatory requirements for EESS rather than co-existence in the same geographical area. As such no multi-band requirements are needed for BS type 2-O.
No action needed.
2.3.6	Co-location spurious emissions
For FR1 there are a list of exclusion in the notes column of the table which cover the multi-band exclusions
For a multi-band RIB, the exclusions and conditions in the notes column of table 6.6.5.2.4-1 apply for each supported operating band.
For example in table 6.6.5.2.4-1 we have:
	Type of co-located BS
	Frequency range for
	Basic limits
	Measurement
	Note

	
	co-location requirement
	WA BS
	MR BS
	LA BS
	bandwidth
	

	E-UTRA Band 42
	3400 – 3600 MHz
	-96 dBm
	-91 dBm
	-88 dBm
	100 kHz
	This is not applicable to BS operating in Band n48, n77 or n78



This is not strictly just applicable to multi-band as the notes cover bands which overlap with the co-located BS band.
FR2 however has no co-location requirements (due to the high isolation between systems at mmWave frequencies) so will require no multi-band co-location requirements.
No action required.
2.3.7	Tx Intermodulation
The FR1 multiband requirements the multi-band requirements apply to each operating band and clarifies how the specification is applied inside the inter RF Bandwidth gap.
For RIBs supporting operation in multiple operating bands, the requirement shall apply relative to the Base Station RF Bandwidth edges of each operating band. In case the inter RF Bandwidth gap is less than 3*BWChannel (where BWChannel is the minimal BS channel bandwidth of the band), the requirement in the gap shall apply only for interfering signal offsets where the interfering signal falls completely within the inter RF Bandwidth gap.
Note the requirement does not use the defined term multi-band RIB but instead states operation in multiple operating bands.  This is not quire correct so should perhaps be corrected.
Observation 2: The term multi-band RIBs should be used for the FR1 requirement.
There are no Tx IMD requirement for FR2 due to the high isolation between co-located systems at mmWaves so there is no need to consider multi-band FR2.
No action needed.
2.3.8	ACS
The FR1 multi-band requirements are included in the BS type 1-O minimum requirement sub-clause so cover only FR1, additions would be needed to the BS type 2-O minimum requirements clause to add multi-band
Once again for FR1 the ACS requirement includes the Inter RF Bandwidth gap.
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 10.5.1.2-2. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.
For FR2 the interfering signals are also defined in a similar table and it seems a similar approach could be used for multi-band
Action 7: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.
2.3.9	In-band Blocking
The FR1 multi-band requirements are included in the BS type 1-O minimum requirement sub-clause so cover only FR1, additions would be needed to the BS type 2-O minimum requirements clause to add multi-band
As with ACS the requirements state that they apply in any Inter RF Bandwidth gapas long as such gap is larger than the interfering signal. There are 2 requirements for in-band blocking and narrowband blocking as follows:
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 tables 10.5.2.2-1 and 10.5.2.2-3.
And
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 in table 10.5.2.2-3.
Multi-band is also referenced in the FR1 table where the refsens offset X is defined for different cases in the note.
For FR2 there is no narrowband requirement so the multi-band requirement applies only to general blocking, also there is no refsens offset variable which varies. As such the FR2 multi-band just need to include Inter RF Bandwidth gap for general blocking with once again the provision that the Inter RF Bandwidth gap is larger than the interferer.
Action 8: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.
2.3.10	Out of band blocking
The FR1 multi-band requirements are captured I the BS type 1-O minimum requirements, so FR2 multi-band requirements would be added to the BS type 2-O minimum requirements sub-clause. For out of band blocking there is a similar exception to spurious emissions in that the in-band region of each of the operating bands are not included.
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.
A similar exception can be used for FR2
Action 9: Apply the multi-band exceptions to FR2 minimum requirements sub-clause.
2.3.11	Receiver spurious emissions
Once again the FR1 multi-band requirements are captured in the BS type 1-O minimum requirements sub-clause. 
For spurious emissions the other operating bands are made exceptions as well as the exclusion zones around the operating bands:
For RX only multi-band RIB, the OTA RX spurious emissions requirements are subject to exclusion zones in each supported operating band.
The exceptions are more clearly outlined as a note in the table:
NOTE 5:	The frequency range from ΔfOBUE below the lowest frequency of the BS transmitter operating band to ΔfOBUE above the highest frequency of the BS transmitter operating band may be excluded from the requirement. ΔfOBUE is defined in clause 9.7.1. For multi-band RIB, the exclusion applies for all supported operating bands.
The same exceptions should be applied to multi-band FR2.
Action 10: Apply the multi-band exceptions text to the BS type 2-O minimum requirements sub-clause.
2.3.12	Receiver Intermodulation
The FR1 multi-band receiver intermodulation requirements are captured in the BS type 1-O minimum requirement sub-clause. The multi-band requirements are similar to the ACS and in-band blocking requirements in that they state that they apply to the Inter RF Bandwidth gap. There are both intermodulation requirements and narrowband intermodulation requirements.
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.
For multi-band RIBs, the 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 in tables 10.8.2-2 and 10.8.2-4. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.
For FR2 there are no narrow band intermodulation requirements so only the general intermodulation for multi-band needs to be included in the BS type 2-O sub-clause.
Action 11: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.
Summary
This paper looks at how multi-band requirements are applied to FR1 and indicates what actions are required to generate multi-band requirenets for FR2.
The multi-band requirents are generaly 1 of 2 modificatiosn to teh single band requirements
	Inclusion of the requirenet inside the Inter RF Bandwidth gap to the in-band requirements
	Exclusion of the operating bands from the out of band requirements.
The required actions to impliment FR2 multi-band have been identified as follows:
	Clause
	Requirement
	Actions for FR2 MB

	Conducted 
	OTA
	
	

	6.4.1.1
	9.5.2.1
	Transmitter OFF power
	No change needed

	6.6.3.1
	9.7.3.2
	ACLR
	Action 1: agree he sub-block gaps for the FR2 non-contiguous spectrum can be applied to FR2 multi-band.
Action 2: Extend the ranges in note 3 and 4 to ensure the Inter RF bandwidth gaps are covered.
Action 3: Discuss the scenario of bands spanning the ranges defined in note 3 and 4 and the step in the requirement.
Action 4: agree a set of sub-block gaps for FR2 channel BW’s for CACLR multi-band.

	6.6.6.1
	9.7.4.2
	OBUE
	Observation 1: FR1 OTA multi-band definition referencing does not completely define the requirement.
Action 5: agree the applicability inside the  Inter RF Bandwidth gaps for FR2 (potentially copy FR1 where Inter RF Bandwidth gaps with Wgap < 2*ΔfOBUE.).

	6.6.5.1
	9.7.5.2.1
	TX Spurious emissions
	Action 6: apply the SE operating band exemption to FR2 multi-band

	6.6.5.2.3
	9.7.5.2.4
	Additional spurious emissions (co-existence)
	No action required.

	6.6.5.2.4
	9.7.5.2.5
	co-location
	No action required.

	6.7.2.1 / 6.7.3.1
	9.8.2
	Tx intermodulation
	Observation 2: The term multi-band RIBs should be used for the FR1 requirement.

FR2 No action needed.

	7.4.1
	10.5.1
	ACS
	Action 7: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.

	7.4.2
	10.5.2
	In-band blocking (general and narrow band)
	Action 8: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.

	7.5.2
	10.6.2.1
	Out of band blocking
	Action 9: Apply the multi-band exceptions to FR2 minimum requirements sub-clause.

	7.6
	10.7.2
	Rx spurious emissions
	Action 10: Apply the multi-band exceptions text to the BS type 2-O minimum requirements sub-clause.

	7.7.2
	10.8.2
	Receiver Intermodulation
	Action 11: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.



References
3GPP
image1.emf
Operating Band 1 Operating Band 2

Base Station RF Bandwidth 1 Base Station RF Bandwidth 2

Inter-band gap

Inter RF bandwidth gap


