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1	Background
[bookmark: _Hlk149936446]In RAN4#110, it was possible to discuss the paper [1] presenting our plans to improve the R19 block approval process and technical scope which resulted in way forward [2]. In this contribution, we share the template example for two band DL based on MSD issue detection tables proposed in [4-7] together with additional improvements to the TP structure and tables.
2 Discussion
2.1 RAN4#100bis Proposed MSD issue detection tables
In last meeting RAN4#110 we previously shared multiple templates for the two DL band inter-band CA with one or two UL bands and up to three UL CCs. These documents were not treated as there was no specific AI for R19 in RAN4#110. Based on way forward [2], we have resubmitted a number of documents with further supporting companies to cover the same in AI 11.3 which can be used as the elements to build a complete two band DL TP template:
· [4] R4-2404243 Improved harmonic related MSDs template, Skyworks Solutions Inc., Nokia, RAN4#110bis
· Proposes an improved template for UL harmonic and harmonic mixing detection table with clarifications on direct-hit and near-miss cases. Applies to 2 band DL / 1 band UL / 1UL CC and uses proposed UL/DL orders for harmonic mixing from [3]
· [5] R4-2404250 On cross band isolation MSD analysis, Skyworks Solutions Inc., Nokia, Murata, RAN4#110bis
· Provides a missing template to detect cross-band isolation issues. Applies to 2 band DL / 1 band UL / 1UL CC
· [6] R4-2404249 On simplifying analysis for 2DL-1 band intra-band ULCA IMD products, Skyworks Solutions Inc., Nokia, Murata, RAN4#110bis
· [7] R4-2404248 On simplifying analysis for triple beat products, Skyworks Solutions Inc., Nokia, Murata, RAN4#110bis.

Separately, this document proposes:
· A small improvement for the 2 band DL / 2Band UL / 1UL CC per band detection table.
· A new TP structure based on number of UL bands and number of UL CCs
· Some guidelines and additional tables to sort the valid UL configurations and point at the necessary sections for analysis.

2.1 Proposed improvements to the 2DL/1or2UL coexistence analysis 
Based on the above and the per MSD types contributions [4-7] in this meeting, we make the following proposal for the overall two band DL TP template.

Proposed enhancements for 2DL/1or2UL bands block approval TP template for Release 19:
· Addition at the end of section “5.XX.1.2 Channel bandwidths per operating band for CA” of:
· A question related to the support of SimRx/Tx, or otherwise for TDD/TDD cases.
· A table that sorts the applicable UL configuration and their related MSD studies
· For the 2DL/1UL section:
· The addition of a specific section for “Co-existence studies for 1UL band with 1CC”
· UL harmonic and harmonic mixing tables are updated in a matrix form with additional guidelines as discussed in [4]
· A new calculation table for cross-band isolation MSD is added, as discussed in [5]
· The addition of a specific section for “Co-existence studies for 1UL band with 2CC intra-band”
· The IMD range table is updated and simplified as discussed in [6]
· For this meeting, the delta T/R, REFSENS and OOB exception sections are not covered, However, these may be part of further guidelines/proposals on how to design MSD test points.
· For the 2DL/1UL section:
· Slightly updated 2DL 2UL with 1CC/band IMD table, with an analysis and Note section
· Added section “5.XX.2.2.1	Co-existence studies for 2UL band with 3CC (2CC intra-band in one band)”, with a calculation table that includes an analysis and Note section, as discussed in [7]
· For the TR and/or TP, annexes may be added to provide further guidelines and calculations.

In future meetings, we may decide to propose further enhancements to the two DL band TP for other sections, most notably with a focus on guidelines for the design of the REFSENS test points related to the different MSD types.

Note that a defined part of the template is relevant to derive the one and three DL band templates:
· The new calculation table for cross-band isolation MSD added as discussed in [4], is relevant to the FDD intra-band DLCA with 1UL CC.
· The section for “Co-existence studies for 1UL band with 2CC intra-band” with the IMD range table is updated and simplified, as discussed in [5], is relevant to the FDD intra-band DLCA with intra-band ULCA.
· The 2DL/1UL section, with the updated 2DL 2UL with 1CC/band IMD table is relevant to the 3DL/2ULwith 1CC/band case.
· Similarly, the section “5.XX.2.2.1 Co-existence studies for 2UL band with 3CC (2CC intra-band in one band)”, as discussed in [6], is relevant to the 3DL/2UL 3CC case.
2.2 Proposed template for 2DL/1or2UL block approval TPs 
In the proposed template the fields to be completed by the proponent in are highlighted in grey, added parts are designated with blue text.
The note part of the table may become redundant for the different TPs captured in the TR. The rapporteur updating the TR may decide to omit the Note section of the tables when copying the TPs in the related TR.

************************* Start of template **********************************
5.XX		CA_nX-nY
5.XX.1	Common for 1 band UL and 2 bands UL CA
5.XX.1.1 Operating bands for CA
Note: For band definition, relevant rows can be copied directly from Table 5.2-1 in 38.101-1 to Table 5.XX.1.1-1 below.
Table 5.XX.1.1-1: CA band combination of band nX+nY
	NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	nX
	xxxx MHz – xxxx MHz
	xxxx MHz – xxxx MHz
	XXX

	nY
	xxxx MHz – xxxx MHz
	xxxx MHz – xxxx MHz
	XXX



5.XX.1.2	Channel bandwidths per operating band for CA
Table 5.XX.1.2-1: Supported bandwidths per CA band combination of band nX+nY 
	CA operating/channel bandwidth [MHz]

	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_nXA-nYA
	CA_n1A-n102A
	nX
	Channel BWs
	X

	
	
	nY
	Channel BWs
	

	CA_nX(A/B/C(2A)-nY(A/B/C(2A)
	CA_nX(A/B/C(2A)-nY(A/B/C(2A)
	nX
	Channel BW or CA BCS
	X

	
	
	nY
	Channel BW or CA BCS
	



To determine the coexistence study cases to be analyzed, the following question and UL configuration types table should be completed. The allowable UL configurations are listed in annex B.
If the band combination is TDD/TDD, is SimRx/Tx supported (YES/NO/N-A)? XXX
Table 5.XX.1.2-2: Supported UL configurations and required coexistence studies
	Type of UL Configuration
	UL
Configuration
	Power
class
	Condition
	Coexistence analysis to be performed
	Coexistence study Tables

	1UL band
with 1CC
	nX, 
nY
	3
3
	One band is FDD
Or 
SimRx/Tx TDD/TDD
	UL harmonic, harmonic mixing and cross-band MSD should be studied
	5.XX.1.3.1-1
5.XX.1.3.1-2

	1UL band
with 2CC
	CA_nXornYB/C/(2A)
	3
	
	IMDs of the two intra-band UL CCs
	5.XX.1.3.2-1

	2UL bands
1CC per band
	CA_nXA-nYA
	3
	FDD/FDD
Or
FDD/TDD
	IMDs of the two UL bands
	5.XX.2.2.1-1

	2UL bands incl.
1UL band with 2CC
	CA_nXA/B/C-nYA/B/C

	3
3
	
	Triple beat of the three UL CCs if the two bands are in adjacent band groups
	5.XX.2.2.2-1



5.XX.1.3	Co-existence studies
[bookmark: _Hlk158936926]5.XX.1.3.1	Co-existence studies for 1UL band with 1CC
Table 5.XX.1.3.1-1 summarizes frequency ranges of UL harmonics and/or harmonic mixing collisions may occur for CA_nX-nY.
Table 5.XX.1.3.1-1: UL/DL harmonics collision table for CA_nX-nY
	UL/DL
harmonics
	nX
	UL13
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	fULlow
	2*fULlow
	3*fULlow
	4*fULlow
	5*fULlow
	

	nY
	fLow
	fHigh
	fULhigh
	2*fULhigh
	3*fULhigh
	4*fULhigh
	5*fULhigh
	

	DL1
	fDLlow
	fDLhigh
	N/A
	
	
	
	
	UL Harmonic

	DL22
	2*fDLlow
	2*fDLhigh
	
	N/A
	
	N/A
	N/A
	Harmonic Mixing

	DL33
	3*fDLlow
	3*fDLhigh
	
	
	N/A
	
	N/A
	

	DL4
	4*fDLlow
	4*fDLhigh
	
	N/A
	N/A
	N/A
	N/A
	

	DL53
	5*fDLlow
	5*fDLhigh
	
	
	N/A
	N/A
	N/A
	

	Analysis
	text

	UL/DL
harmonics
	nY
	UL13
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	fULlow
	2*fULlow
	3*fULlow
	4*fULlow
	5*fULlow
	

	nX
	fLow
	fhigh
	fULhigh
	2*fULhigh
	3*fULhigh
	4*fULhigh
	5*fULhigh
	

	DL1
	fDLlow
	fDLhigh
	N/A
	
	
	
	
	UL Harmonic

	DL22
	2*fDLlow
	2*fDLhigh
	
	N/A
	
	N/A
	N/A
	Harmonic Mixing

	DL33
	3*fDLlow
	3*fDLhigh
	
	
	N/A
	
	N/A
	

	DL4
	4*fDLlow
	4*fDLhigh
	
	N/A
	N/A
	N/A
	N/A
	

	DL53
	5*fDLlow
	5*fDLhigh
	
	
	N/A
	N/A
	N/A
	

	Analysis
	text

	Note 1: When a collision is detected with an overlap >0Hz between the UL(X) with DL(Y) frequency ranges, the UL(X)/DL(Y) cell is marked “D” for direct hit.
        When the gap between UL(X) and DL(Y) frequency range is from 0Hz to X*MinULCBW, the UL(X)/DL(Y) cell is marked “N” for Near miss.
Note 2: UL3/DL2 harmonic mixing direct hit case for PC3/5 only apply for DL>3GHz
Note 3: For harmonic mixing, near-miss cases only apply for UL1 and odd DL orders.



[bookmark: _Hlk158936194]Table 5.XX.1.3.1-2 summarizes frequency ranges where cross-band isolation issues may occur for CA_nX-nY.

Table 5.XX.1.3.1-2: Cross-band isolation analysis of CA_nXA-nYA with nX and nY UL
	Bands
	nX
	nY

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	
	
	
	

	fDL (MHz)
	
	
	
	

	CBW (MHz)2
	
	
	
	

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	
	
	
	

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	
	
	
	

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	
	
	
	

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	
	
	
	

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	
	
	
	

	Analysis
	text
	

	Note 1: Even if there is no overlap up to ACLR5, MSD beyond the ACLR5 range should be evaluated further if:
	-The UL aggressor band and DL aggressor band are part of the same or adjacent band group as described in annex Y
	-If the DL band is above the UL band, it’s lower frequency edge must be below the UL lowest harmonic 2 frequency
	-As an indicative threshold, if >45dB UL rejection at the DL band frequency can be guaranteed, assuming a -130dBm/Hz TX noise floor level, the transmitter noise floor related MSD should be negligible
Note 2: The maximum UL channel bandwidth of the BCS (noted maxULCBW) is used to calculate the band ACLR ranges while the minimum DL channel bandwidth of the BCS (noted minDLCBW) is used for the DL band victim channel bandwidth.



5.XX.1.3.2	Co-existence studies for 1UL band with 2CC intra-band
Table 5.XX.1.3.2-1 provides the one UL band with intra-band ULCA IMD frequency ranges for the CA_nX/YB/C/(2A) UL configuration for DL CA_nX-nY.
Table 5.XX.1.3.2-1: Intra-band ULCA IMD overlap for CA_nXA/B/C/(2A)-nYA/B/C/(2A)/CA_nX/YB/C/(2A) DL/UL
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL
	
	
	Order
	flow
	fhigh

	2CCBW1
	
	
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	
	
	
	
	

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	
	

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	
	
	
	
	

	IMD5
(3-2)
	fULlow-2*Max2CCLBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	
	
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	
	
	
	
	

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	
	
	
	
	

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	
	
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	
	
	
	
	

	Analysis
	text 

	Note 1: 2CCBW is the instantaneous transmit bandwidth of the two intra-band UL CCs:
- The minimum 2CCBW for contiguous / non-contiguous intra-band ULCA is 0 / minimum UL channel bandwidth
- The maximum 2CCBW for contiguous / non-contiguous ULCA is Min(maximum aggregated bandwidth / maximum separation bandwidth(600MHz),fULhigh-fULlow)
Note 2: The close to UL IMD range is the most critical when the victim DL band in proximity to the UL band:
- For contiguous/non-contiguous intra-band ULCA within a TDD band, IMD order up to 9/7 should be considered and MPR assumed
- For intra-band ULCA within a FDD band, IMD order up to 13 should be considered for bands in the same band group and MPR is not assumed. If justified by poor filtering performance, higher order IMD may need to be specified.
Note 3: The BB IMD range should only be considered if the DL band is below the UL band and for non-contiguous ULCA within a TDD band >3GHz (assuming CA with 450MHz bands is not considered)
-IMD2 is not considered assuming CA with 450MHz bands is not considered
-IMD4 is considered for FDD or SimRx/Tx TDD bands <1GHz
-IMD6 is considered for FDD or SimRx/Tx TDD bands <1.68GHz
Note 4: The harmonic 2 and 3 IMD ranges should only be considered if the DL band is above the UL band



*************** Delta T/R and 2DL/1UL REFSENS sections omitted in this version of the proposal ****************

5.XX.2		Specific for 2 bands UL CA
5.XX.2.1	Maximum output power for inter-band CA
Table 5.XX.2.1-1: UE Power Class for uplink inter-band CA
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	CA_nXA-nYA
	23
	+2/-3

	CA_nX/YA/B/C/(2A)
	23
	+2/-3

	CA_nXA/B/C-nXA/B/C
	23
	+2/-3


5.XX.2.2		UE co-existence
5.XX.2.2.1	Co-existence studies for 2UL band with 1CC per band
Table 5.XX.2.2.1-1 provides the two UL bands with one CC per band IMD interference analysis for CA_ nXA-nYA.
Table 5.XX.2.2-1: IMD analysis
	Bands
	nX
	nY

	Frequency 
	fx_low
	fx_high
	fy_low
	fy_high

	UL (MHz)
	
	
	
	

	DL (MHz)
	
	
	
	

	IMD2 products
	|fyULlow – fxULhigh|
	|fyULhigh – fxULlow|
	|fyULlow + fxULlow|
	|fyULhigh + fxULhigh|

	IMD2 (MHz)
	
	
	
	

	IMD3 products
	|2*fxULlow – fyULhigh|
	|2*fxULhigh – fyULlow|
	|2*fyULlow – fxULhigh|
	|2*fyULhigh – fxULlow|

	IMD3 (MHz)
	
	
	
	

	IMD3 products
	|2*fxULlow + fyULlow|
	|2*fxULhigh + fyULhigh|
	|2*fyULlow + fxULlow|
	|2*fyULhigh + fxULhigh|

	IMD3 (MHz)
	
	
	
	

	IMD4 products
	|3*fxULlow –1* fyULhigh|
	|3*fxULhigh – 1*fyULlow|
	|3*fyULlow – 1*fxULhigh|
	|3*fyULhigh – 1*fxULlow|

	IMD4 (MHz)
	
	
	
	

	IMD4 products
	|2*fxULlow –2* fyULhigh|
	|2*fxULhigh –2* fyULlow|
	|2*fxULlow +2* fyULlow|
	|2*fxULhigh +2* fyULhigh|

	IMD4 (MHz)
	
	
	
	

	IMD4 products
	|3*fxULlow +1* fyULlow|
	|3*fxULhigh + 1*fyULhigh|
	|3*fyULlow + 1*fxULlow|
	|3*fyULhigh + 1*fxULhigh|

	IMD4 (MHz)
	
	
	
	

	IMD5 products
	|fxULlow – 4*fyULhigh|
	|fxULhigh – 4*fyULlow|
	|fyULlow – 4*fxULhigh|
	|fyULhigh – 4*fxULlow|

	IMD5 (MHz)
	
	
	
	

	IMD5 products
	|2*fxULlow - 3*fyULhigh|
	|2*fxULhigh - 3*fyULlow|
	|2*fyULlow - 3*fxULhigh|
	|2*fyULhigh -3*fxULlow|

	IMD5 (MHz)
	
	
	
	

	IMD5 products
	|fxULlow + 4*fyULlow|
	|fxULhigh + 4*fyULhigh|
	|fyULlow + 4*fxULlow|
	|fyULhigh + 4*fxULhigh|

	IMD5 (MHz)
	
	
	
	

	IMD5 products
	|2*fxULlow + 3*fyULlow|
	|2*fxULhigh + 3*fyULhigh|
	|2*fyULlow + 3*fxULlow|
	|2*fyULhigh + 3*fxULhigh|

	IMD5 (MHz)
	
	
	
	

	Analysis
	text
	text

	Note: The lowest even order and lowest odd order IMD MSDs shall be considered.



5.XX.2.2.2	Co-existence studies for 2UL band with 3CC (2CC intra-band in one band)
Table 5.XX.2.2.2-1 provides the two UL band with one band, along with 2CC intra-band uplink CA triple beat products interference analysis for CA_nXA/B/C-nYA/B/C with nX/YB/C transmitting with a XXXMHz maximum instantaneous bandwidth.
[bookmark: _Hlk158978428]Table 5.XX.2.2.2-1: Triple beat IMD analysis of CA_nXA/B/C-nYA/B/C
	Band / CA1
	nX
	CA_nYB/C

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	F_UL (MHz)3
	
	
	
	

	F_DL (MHz)3
	
	
	
	

	2CCBW (MHz)2
	N/A
	N/A
	
	

	IMD3 products
	fxULlow-max2CCBW
	fxULlow
	fxULhigh
	fxULhigh+max2CCBW

	IMD3 (MHz)
	
	
	
	

	Analysis
	text

	Note 1: If the two bands are not part of the same or adjacent band groups as defined in Annex D, the analysis can be ignored.
Note 2: For contiguous intra-band ULCA, the minimum and maximum separation BW are 0MHz and Min(fy_high-fy_low, maximum aggregated BW) respectively.



*********************REFSENS section omitted in this version of the template – end of template*********
2.2 proposed annexes for TR and/or TPs
Since the band group definition is used as criteria for cross-band isolation MSD and Triple beat MSD.
********************* Start of annex *********
Annex X
For some MSD cases, a criterion applies in terms of band group as defined in Table B:
· For 2DL 1UL/1CC cross band isolation, and for the Tx noise floor MSD to be considered, the two bands should be part of the same or adjacent band group.
· For 2DL 2UL/3CC triple beat MSD to be considered, the two bands should be part of the same or adjacent band group
· For 3DL 2UL/3CC triple beat MSD to be considered, the third band should be part of the same or adjacent band group, rather than one from the UL band.

Table X: Band group definition for same or adjacent band-group criterion
	FR1 band group range

	Name
	FR1-a (LB)
	FR1-b (MB)
	FR1-c (HB)
	FR1-d (VHB)
	FR1-e (UHB)

	Range (MHz)
	600-1000
	1400-2200
	2300-2700
	3300-5000
	5250-7125

	Duplex mode
	Mostly FDD
	Mostly FDD
	FDD and TDD
	TDD only
	TDD only



 ********************* End of annex *********
2.2 Example of a resulting TP for CA_n1-n102
The chosen example is based on TP [7] on CA_n1-n102 and DC_n1-n102, as it contains all of the different types of UL configurations and can be considered to be fairly complete in terms of MSD studies. Although it does not result in an actual MSD specified for all the MSD types, it provides a good example of how the proposed template could function for a concrete case.
Some of the text is color coded with highlights to provide indication on how to derive the information to be filled in:
· Yellow highlights correspond to data related to the bands definitions
· Cyan highlights correspond to data related to the BCS DL, UL, channel bandwidths, and intra-band CA BW from the BCS definitions
· Green highlights correspond to data that can be calculated with the equations provided
· Pink highlights correspond to text that is provided in support of the analysis of the table results.
· When a part of the table is not relevant for a given case, the cell is with a grey background.

Some commentary text can be further added below each table. In this example, we did not retain the Note section of the tables as this will not be need duplication in the TR, but in TPs this information may be a useful reference for the TP reviewers during the flagging process. 

************************* Start of example TP **********************************

5.XX		CA_n1-n102
5.XX.1	Common for 1 band UL and 2 bands UL CA
5.XX.1.1 Operating bands for CA
Note: For band definition, relevant rows can be copied directly from Table 5.2-1 in 38.101-1 to Table 5.XX.1.1-1 below.
Table 5.XX.1.1-1: CA band combination of band n1+n102
	NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n102
	5925 MHz – 6425 MHz
	5925 MHz – 6425 MHz
	TDD



5.XX.1.2	Channel bandwidths per operating band for CA
Table 5.XX.1.2-1: Supported bandwidths per CA band combination of band n1+n102 
	CA operating/channel bandwidth [MHz]

	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n1A-n102A
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	20, 40, 60, 80, 100
	

	CA_n1A-n102(2A)
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102(2A)_BCS0
	

	CA_n1A-n102B
	CA_n1A-n102A
CA_n1A-n102B
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102B_BCS0
	

	CA_n1A-n102C
	CA_n1A-n102A
CA_n1A-n102C
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102C_BCS0
	

	CA_n1A-n102D
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102D_BCS0
	

	CA_n1A-n102E
	CA_n1A-n102A
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	0

	
	
	n102
	CA_n102E_BCS0
	



To determine the coexistence study cases to be analyzed, the following question and UL configuration types table should be completed. The allowable UL configurations are listed in annex B.
If the band combination is TDD/TDD, is SimRx/Tx supported (YES/NO/N-A)? N-A
Table 5.XX.1.2-2: Supported UL configurations and required coexistence studies
	Type of UL Configuration
	UL
Configuration
	Power
class
	Condition
	Coexistence analysis to be performed
	Coexistence study Tables

	1UL band
with 1CC
	n1, 
n102
	3
3
	One band is FDD
Or 
SimRx/Tx TDD/TDD
	UL harmonic, harmonic mixing and cross-band MSD should be studied
	5.XX.1.3.1-1
5.XX.1.3.1-2

	1UL band
with 2CC
	CA_n102B, CA_n102C in CA_n1A-n102B, CA_n1A-n102C
	3
	
	IMDs of the two intra-band UL CCs
	5.XX.1.3.2-1

	2UL bands
1CC per band
	CA_n1A-n102A
	3
	FDD/FDD
Or
FDD/TDD
	IMDs of the two UL bands
	5.XX.2.2.1-1

	2UL bands incl.
1UL band with 2CC
	CA_n1A-n102B
CA_n1A-n102C
	3
3
	
	Triple beat of the three UL CCs, if the two bands are in adjacent band groups
	5.XX.2.2.2-1


5.XX.1.3	Co-existence studies
5.XX.1.3.1	Co-existence studies for 1UL band with 1CC
Table 5.XX.1.3.1-1 summarizes frequency ranges of UL harmonics and/or harmonic mixing collisions may occur for CA_n1-n102.
Table 5.XX.1.3.1-1: UL/DL harmonics collision table for CA_n1-n102
	UL/DL
harmonics
	n102
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	5925
	11850
	17775
	23700
	29625
	

	n1
	fLow
	fHigh
	6425
	12850
	19275
	25700
	32125
	

	DL1
	2110
	2170
	N/A
	-
	-
	-
	-
	UL Harmonic

	DL2
	4220
	4340
	-
	N/A
	-
	N/A
	N/A
	Harmonic Mixing

	DL3
	6330
	6510
	D
	-
	N/A
	-
	N/A
	

	DL4
	8440
	8680
	-
	N/A
	N/A
	N/A
	N/A
	

	DL5
	10550
	10850
	-
	-
	N/A
	N/A
	N/A
	

	Analysis
	Direct hit n102 UL1 / n1 DL3

	UL/DL
harmonics
	n1
	UL1
	UL2
	UL3
	UL4
	UL5
	MSD type

	
	fLow
	1920
	3840
	5760
	7680
	9600
	

	n102
	fLow
	fHigh
	1980
	3960
	5940
	7920
	9900
	

	DL1
	5925
	6425
	N/A
	-
	N
	-
	-
	UL Harmonic

	DL2
	11850
	12850
	-
	N/A
	-
	N/A
	N/A
	Harmonic Mixing

	DL3
	17775
	19275
	-
	-
	N/A
	-
	N/A
	

	DL4
	23700
	25700
	-
	N/A
	N/A
	N/A
	N/A
	

	DL5
	29625
	32125
	-
	-
	N/A
	N/A
	N/A
	

	Analysis
	Near miss n1 UL3 / n102 DL1 (5MHz)


Based on the above table:
· n1 3rd UL harmonic falls 5MHz short of the band n102 DL, and thus may be victim of the ACLR1 range of the third harmonic. Given that n102 is a shared spectrum access band, a REFSENS exclusion range can be defined.
· n1 3rd DL harmonic mixing falls on the band n102 UL, thus harmonic mixing MSD should be considered.
 
Table 5.XX.1.3.1-2 summarizes frequency ranges where cross-band isolation issues may occur for CA_n1-n102.

Table 5.XX.1.3.1-2: Cross-band isolation analysis of CA_n1A-n102A with n1 and n102 UL
	Bands3
	n1
	n102

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	fUL (MHz)
	1920
	1980
	5925
	6425

	fDL (MHz)
	2110
	2170
	5925
	6425

	CBW (MHz)2
	5
	50
	20
	100

	ACLR1 range
	fxULlow-maxULCBWx
	fxULhigh+maxULCBWx
	fyULlow-maxULCBWy
	fyULhigh+maxULCBWy

	ACLR1 (MHz)
	1870
	2020
	5825
	6525

	ACLR2 range
	fxULlow-2*maxULCBWx
	fxULhigh+2*maxULCBWx
	fyULlow-2*maxULCBWy
	fyULhigh+2*maxULCBWy

	ACLR2 (MHz)
	1820
	2070
	5725
	6625

	ACLR3 range
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	fyULlow-3*maxULCBWy
	fyULhigh+3*maxULCBWy

	ACLR3 (MHz)
	1770
	2120
	5625
	6725

	ACLR4 range
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	fyULlow-4*maxULCBWy
	fyULhigh+4*maxULCBWy

	ACLR4 (MHz)
	1720
	2170
	5525
	6825

	ACLR5 range1
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	fyULlow-5*maxULCBWy
	fyULhigh+5*maxULCBWy

	ACLR5 (MHz)
	1670
	2220
	5425
	6925

	Analysis
	There is no overlap of the band n1 ACLR range with the band n102 DL up to order 5 and there is sufficient rejection of the transmitter noise floor at band n102 so no cross-band MSD is needed.
	There is no overlap of the band n102 ACLR range with the band n1 DL up to order 5 and there is sufficient rejection of the transmitter noise floor at band n1 so no cross-band MSD is needed.



Based on the above table: There is no case with the UL band ACLR range overlapping with the DL range and the band 1 and band n102 UL filters, together with the diplexer isolation, provides sufficient rejection of the other band DL frequency range and justifies the conclusion to ignore the UL noise floor impact.
5.XX.1.3.2	Co-existence studies for 1UL band with 2CC intra-band
Table 5.XX.1.3.2-1 provides the one UL band with intra-band ULCA IMD frequency ranges for the CA_n102B and CA_n102C UL configurations, which are part of CA_n1-n102B and CA_n1-n102C requested cases.
Table 5.XX.1.3.2-1: Intra-band ULCA IMD overlap for CA_n1A-n102C/CA_n102C DL/UL
	All in MHz
	flow/Min
	fhigh/Max
	BB IMD range3

	fUL5
	5925
	6425
	Order
	flow
	fhigh

	2CCBW1
	0
	160
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	2110
	2170
	
	0
	160

	Close to UL IMD range2
	IMD4
(2-2)
	2*Min2CCBW
	2*Max2CCBW

	Order
	flow
	fhigh
	
	0
	320

	IMD3
(2-1)
	fULlow-Max2CCBW
	fULhigh+Max2CCBW
	IMD6
(3-3)
	3*Min2CCBW
	3*Max2CCBW

	
	5765
	6585
	
	0
	480

	IMD5
(3-2)
	fULlow-2*Max2CCBW
	fULhigh+2*Max2CCBW
	Close to H2 IMD range4

	
	5605
	6745
	Order
	flow
	fhigh

	IMD7
(4-3)
	fULlow-3*Max2CCBW
	fULhigh+3*Max2CCBW
	IMD4
(3-1)
	2*fULlow-Max2CCBW
	2*fULhigh+Max2CCBW

	
	5445
	6905
	
	11690
	13010

	IMD9
(5-4)
	fULlow-4*Max2CCBW
	fULhigh+4*Max2CCBW
	IMD6
(4-2)
	2*fULlow-2*Max2CCBW
	2*fULhigh+2*Max2CCBW

	
	5285
	7065
	
	11530
	13170

	IMD11
(6-5)
	fULlow-5*Max2CCBW
	fULhigh+5*Max2CCBW
	Close to H3 IMD range4

	
	5125
	7225
	Order
	flow
	fhigh

	IMD13
(7-6)
	fULlow-6*Max2CCBW
	fULhigh+6*Max2CCBW
	IMD5
(4-1)
	3*fULlow-Max2CCBW
	3*fULhigh+Max2CCBW

	
	4965
	7385
	
	17615
	19435

	Analysis
	The DL victim band is lower than the TDD intra-band ULCA band, which is contiguous ULCA. Thus, only the close n102C UL IMD3 to 9 should be considered, and there is no overlap with the DL band n1



Since this is a contiguous ULCA TDD case and the UL band is above the DL band, only up to IMD9 is considered for close to UL products while BB and close to harmonic products can be ignored. Based on the above table: There is no case with the 2CC intra-band IMD range overlapping with the DL range of band 1.

********* Delta T/R, 2DL/1UL REFSENS and OOB exception sections omitted in this version of the example *********
5.XX.2		Specific for 2 bands UL CA
5.XX.2.1	Maximum output power for inter-band CA
Table 5.XX.2.1-1: UE Power Class for uplink inter-band CA
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	CA_n1A-n102A
	23
	+2/-3

	CA_n1A-n102B
	23
	+2/-3

	CA_n1A-n102C
	23
	+2/-3


5.XX.2.2		UE co-existence
5.XX.2.2.1	Co-existence studies for 2UL band with 1CC per band
Table 5.XX.2.2.1-1 provides the two UL bands, with one CC per band IMD interference analysis for CA_ n1A-n102A.
Table 5.XX.2.2-1: IMD analysis
	Bands
	n1
	n102

	Frequency
	fx_low
	fx_high
	fy_low
	fy_high

	UL (MHz)
	1920
	1980
	5925
	6425

	DL (MHz)
	2110
	2170
	5925
	6425

	IMD2 products
	|fyULlow – fxULhigh|
	|fyULhigh – fxULlow|
	|fyULlow + fxULlow|
	|fyULhigh + fxULhigh|

	IMD2 (MHz)
	3945
	4505
	7845
	8405

	IMD3 products
	|2*fxULlow – fyULhigh|
	|2*fxULhigh – fyULlow|
	|2*fyULlow – fxULhigh|
	|2*fyULhigh – fxULlow|

	IMD3 (MHz)
	2585
	1965
	9870
	10930

	IMD3 products
	|2*fxULlow + fyULlow|
	|2*fxULhigh + fyULhigh|
	|2*fyULlow + fxULlow|
	|2*fyULhigh + fxULhigh|

	IMD3 (MHz)
	9765
	10385
	13770
	14830

	IMD4 products
	|3*fxULlow –1* fyULhigh|
	|3*fxULhigh – 1*fyULlow|
	|3*fyULlow – 1*fxULhigh|
	|3*fyULhigh – 1*fxULlow|

	IMD4 (MHz)
	665
	15
	15795
	17355

	IMD4 products
	|2*fxULlow –2* fyULhigh|
	|2*fxULhigh –2* fyULlow|
	|2*fxULlow +2* fyULlow|
	|2*fxULhigh +2* fyULhigh|

	IMD4 (MHz)
	9010
	7890
	15690
	16810

	IMD4 products
	|3*fxULlow +1* fyULlow|
	|3*fxULhigh + 1*fyULhigh|
	|3*fyULlow + 1*fxULlow|
	|3*fyULhigh + 1*fxULhigh|

	IMD4 (MHz)
	11685
	12365
	19695
	21255

	IMD5 products
	|fxULlow – 4*fyULhigh|
	|fxULhigh – 4*fyULlow|
	|fyULlow – 4*fxULhigh|
	|fyULhigh – 4*fxULlow|

	IMD5 (MHz)
	23780
	21720
	1995
	1255

	IMD5 products
	|2*fxULlow - 3*fyULhigh|
	|2*fxULhigh - 3*fyULlow|
	|2*fyULlow - 3*fxULhigh|
	|2*fyULhigh -3*fxULlow|

	IMD5 (MHz)
	15435
	13815
	5910
	7090

	IMD5 products
	|fxULlow + 4*fyULlow|
	|fxULhigh + 4*fyULhigh|
	|fyULlow + 4*fxULlow|
	|fyULhigh + 4*fxULhigh|

	IMD5 (MHz)
	25620
	27680
	13605
	14345

	IMD5 products
	|2*fxULlow + 3*fyULlow|
	|2*fxULhigh + 3*fyULhigh|
	|2*fyULlow + 3*fxULlow|
	|2*fyULhigh + 3*fxULhigh|

	IMD5 (MHz)
	21615
	23235
	17610
	18790

	Analysis
	IMD3 fall in FDD band n1 DL: MSD may occur
	IMD5 fall in TDD band n102 DL: no MSD possible



Based on the table 5.XX.2.2.1-1, one 3rd order intermodulation product fall inside the DL band of n1. 
5.XX.2.2.2	Co-existence studies for 2UL band with 3CC (2CC intra-band in one band)
Table 5.XX.2.2.2-1 provides the two UL bands with one band, with a 2CC intra-band uplink CA triple beat products interference analysis provided for CA_n1A-n102C including n102C transmitting with a 160MHz maximum instantaneous bandwidth.
Table 5.XX.2.2.2-1: Triple beat IMD analysis of CA_n1A-n102C
	Band / CA1
	n1
	CA_n102C

	Frequency limit
	fx_low / min
	fx_high / max
	fy_low / min
	fy_high / max

	F_UL (MHz)3
	1920
	1980
	5925
	6425

	F_DL (MHz)3
	2110
	2170
	5925
	6425

	2CCBW (MHz)2
	N/A
	N/A
	0
	160

	IMD3 products
	fx_low-max2CCBW
	fx_low
	fx_high
	fx_high+max2CCBW

	IMD3 (MHz)
	1760
	1920
	1980
	2140

	Analysis
	There is a triple beat product of n1 UL with n102C 2CC UL falling in n1 DL. However, n1 and n102 are not part of adjacent band groups and thus MSD is not required.



The uplinks of n1A and n102C have a 1st order triple beat falling inside n1 DL. As stated for figure 1 in [2] the triple beat case is not eligible for MSD if the two UL bands aren’t part of the same or adjacent band group.
*********************REFSENS section omitted in this version of the example *********

************************* End of example TP **********************************
3 Conclusion
In this contribution, we presented an example of improved template for the block approval TPs for two band DL cases and have the following proposals.
Proposed enhancements for 2DL/1or2UL bands block approval TP template for Release 19:
· Addition at the end of section “5.XX.1.2 Channel bandwidths per operating band for CA” of:
· A question related to the support of SimRx/Tx, or otherwise for TDD/TDD cases.
· A table that sorts the applicable UL configuration and their related MSD studies
· For the 2DL/1UL section:
· The addition of a specific section for “Co-existence studies for 1UL band with 1CC”
· UL harmonic and harmonic mixing tables are updated in a matrix form with additional guidelines as discussed in [4]
· A new calculation table for cross-band isolation MSD is added, as discussed in [5]
· The addition of a specific section for “Co-existence studies for 1UL band with 2CC intra-band”
· The IMD range table is updated and simplified as discussed in [6]
· For this meeting, the delta T/R, REFSENS and OOB exception sections are not covered, However, these may be part of further guidelines/proposals on how to design MSD test points.
· For the 2DL/1UL section:
· Slightly updated 2DL 2UL with 1CC/band IMD table, with an analysis and Note section
· Added section “5.XX.2.2.1	Co-existence studies for 2UL band with 3CC (2CC intra-band in one band)”, with a calculation table that includes an analysis and Note section, as discussed in [7]
· For the TR and/or TP, annexes may be added to provide further guidelines and calculations.
4 References
[1] R4-2400257 Further improvements to the block approval process in R19, Skyworks Solutions Inc., Nokia, RAN4#110
[2] R4-2403721 WF on Rel-19 Band Combination Work, Nokia, Skyworks, ZTE, Samsung, Ericsson, AT&T, Qualcomm, CHTTL, Murata, T-Mobile USA, Apple, MediaTek, Huawei, Verizon, RAN4#110
[3] R4-2404244 On valid harmonic mixing orders, Skyworks Solutions Inc., Nokia, Qualcomm, RAN4#110bis
[4] R4-2404243 Improved harmonic related MSDs template, Skyworks Solutions Inc., Nokia, RAN4#110bis
[5] R4-2404250 On cross band isolation MSD analysis, Skyworks Solutions Inc., Nokia, Murata, RAN4#110bis
[6] R4-2404249 On simplifying analysis for 2DL-1 band intra-band ULCA IMD products, Skyworks Solutions Inc., Nokia, Murata, RAN4#110bis
[7] R4-2404248 On simplifying analysis for triple beat products, Skyworks Solutions Inc., Nokia, Murata, RAN4#110bis

