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1	Background
[bookmark: _Hlk149936446][bookmark: _Hlk165324434]In RAN4#110bis, a way forward captured the result of the discussion on band combination TR template [1]. Separately, the recent requests for FDD intra-band ULCA, resulted on way forward [4] on related test point guidelines as a follow up to way forward [5] in earlier meetings. With [2,3] covering the one UL band cross-band issue detection for 1ULCC or 2ULCC respectively and the test point definitions of [4], there is opportunity to introduce a TP for block approval of intra-band FDD band combinations that has been lacking until now. In this contribution, we discuss this opportunity and limitations of such an approach and seek the group input on whether this could be a target for Release 19.
2 Discussion
2.1 Way forward inputs
Way forward of [1]
RAN4 has agreed one template [5]. Additional templates have been provided in [6, 7, 8] and should accordingly also be approved.
[5] R4-2405935 “Improved harmonic related MSDs template”, 3GPP RAN WG4 Meeting #110bis, Changsha, China, April 15th - 19th 2024, Skyworks Solutions Inc., Nokia.
[6] R4-2404248 “On simplifying analysis for triple beat products”, 3GPP RAN WG4 Meeting #110bis, Changsha, China, April 15th - 19th 2024, Skyworks Solutions Inc., Nokia, Murata.
[7] R4-2404249 “On simplifying analysis for 2DL-1 band intra-band ULCA IMD products”, 3GPP RAN WG4 Meeting #110bis, Changsha, China, April 15th - 19th 2024, Skyworks Solutions Inc., Nokia, Murata.
[8] R4-2404250 “On cross-band isolation MSD analysis”, 3GPP RAN WG4 Meeting #110bis, Changsha, China, April 15th - 19th 2024, Skyworks Solutions Inc., Nokia, Murata.

<Way forward>:
· RAN4 will continue to discuss how to improve the TR templates for R19 basket WI, and try to approve any additional TR templates in May meeting, i.e. RAN4 #111 meeting.
· To collect the extra info need to be included in the TR templates, such as
· The detail analysis for the calculation of MSD values.
· Other aspects to be included.
· To decide if some info could be removed from the current template.
· If a simplified rule-based delta T/R could be applied?
· Other aspects considered to be removed.
· To analyse if a common TR template is needed for all basket WI.
· To analyse if some contents in the current TR template could be moved to a common clause.
· Other aspects are not precluded.
With the approved template for cross-band isolation in [3], the ACLR range of a single UL CC is calculated, and this is relevant to the wanted RB and their image IMD reach of a single ULCC which governs the MSD of the PCC and SCC channels in an FDD Intra-band DL CA with one ULCC.
Similarly, the approved template for 2DL-1 band intra-band ULCA IMD products in [4], the IMD ranges of 2 UL CC is calculated, and this is relevant to the IMD reach of a 2ULCC which governs the MSD of the PCC and SCC channels in an FDD Intra-band DL CA with intra-band ULCA.
Way forward of [6]
<Agreement #1 on UL PCC/SCC channel bandwidth (CBW) and RB allocation (LCRB)>
For intra-band contiguous UL-CA:
1. It is sufficient to specify only one dual-uplink MSD test point per BCS. 
1. If a test point can only be supported by a given BCS, a footnote is needed to indicate this restriction. This is consistent with agreements for MSD test points for EN-DC intra-band contiguous Table 7.3B.2.1-1.
1. The test point is selected to specify the worst-case (highest) MSD level for the PCC. SCC MSD is not considered in test point selection i.e the SCC MSD may not be worst case as PCC MSD is maximised. 
1. For UL RB allocation,
3. [bookmark: _Hlk164328996]The total number of UL RBs is equal to the UL RB configuration defined in Table 7.3.2-3 Uplink configuration for reference sensitivity for the DL maximum aggregated channel bandwidth. The total number of UL RBs is defined as the sum of the PCC UL RBs and the SCC UL RBs
0. The UL RB configuration defined in Table 7.3.2-3 for largest supported UL BW is used in case the aggregated BW exceeds the largest supported UL BW
3. The PCC/SCC Lcrb is specified to achieve equal PSD.
1. The total number of UL RB’s is rounded down to closest possible number to achieve equal PSD across CC’s if needed
3. The RBstart positions are specified to minimize the distance of the center frequency of the IMD (Fc_IMDx) and the center frequency of the PCC DL(Fc_PDD_DL) by the lowest dual-uplink IMD order.
1. CC’s are spaced according to nominal channel spacing in Intra-band contiguous CA

With the above agreements, there are clear guidelines for the design of the test point for the PCC and SCC MSD for intra-band contiguous ULCA and that can easily be extrapolated for non-contiguous ULCA. 

If for non-contiguous ULCA the channel BW to be used for the test point is obviously the lowest supported CBW in the BCS, for the contiguous case, some trials are needed to find the optimum PCC and SCC CBW supported by the BCS that sums to the maximum aggregated BW while maximizing the MSD in the PCC Channel.

In this contribution we further discuss how the current RAN4 Specification framework for cross-band isolation with one UL band and 1 or 2 ULCC can be adapted or intra-band DL CA with 1 or 2 ULCC with the help of the guidelines in [6].
2.2 Using the 1 or 2 ULCC templates for FDD intra-band ULCA
Table 1 is extracted from [3] and provides the ACLR ranges for both band ULs. In an intra-band case, one side would be enough and, using the maximum channel BW from the BCS for the PCC that can be summed with a valid SCC CBW to reach the maximum aggregated BW, the lowest UL ACLR order that would overlap with the DL band can be detected. 

The CA_n3B BCS0 parameters (40MHz aggregated BW and max CBW for PCC and SCC is 20MHz) are used in Table 1 as an example.
Table 1: Cross-band isolation analysis of CA_nXA-nYA with nX and nY UL
	Bands
	n3
	nY

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

	fUL (MHz)
	1710
	1785
	X
	X

	fDL (MHz)
	1805
	1880
	X
	X

	CBW (MHz)2
	5
	20
	X
	X

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

	ACLR1 (MHz)
	1690
	1805
	X
	X

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

	ACLR2 (MHz)
	1670
	1825
	X
	X

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

	ACLR3 (MHz)
	1650
	1845
	X
	X

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

	ACLR4 (MHz)
	1630
	1865
	X
	X

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

	ACLR5 (MHz)
	1610
	1885
	X
	X

	Analysis
	ACLR2, 3, 4 and 5 overlap with the DL band
	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 A
	-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.



Observations:
· The crossband isolation table used for one band, detects that, with the largest UL CBW, ACLR2, 3, 4 and 5 overlap with the DL
· But what is the overlap with the PCC? The SCC?
· Is the largest UL CBW the worst-case MSD?
· Only the side to the DL is of interest.

This is only a first indication because it provides the overlap with the DL band, but not the overlap with the PCC and SCC. However, it is a simple correction as we have the duplex distance and the maximum aggregate BW to have some corrections.

Table 2: PCC/SCC analysis of CA_nXB/C DL with nX UL
	Bands
	CA_n3B UL

	Frequency limit
	fx_low / min
	fx_high / max
	fx_low / min
	fx_high / max

	fUL/DL band (MHz)
	1710
	1785
	1805
	1880

	fULlow/high PCC (MHz) 
	1730
	1750
	1745
	1765

	fDLlow PCC/SCC (MHz) 
	1825
	1845
	1805
	1825

	fDLhigh PCC/SCC (MHz) 
	1840
	1860
	1860
	1880

	ULCBW/DLCABW (MHz)
	5
	20
	10
	40

	ACLR1 range/MHz
	fxULlowPCC-maxULCBWx
	fxULhighPCC+maxULCBWx
	1710
	1785

	ACLR2 range/MHz
	fxULlowPCC-2*maxULCBWx
	fxULhighPCC+2*maxULCBWx
	1690
	1805

	ACLR3 range/MHz
	fxULlow-3*maxULCBWx
	fxULhigh+3*maxULCBWx
	1670
	1825

	ACLR4 range/MHz
	fxULlow-4*maxULCBWx
	fxULhigh+4*maxULCBWx
	1650
	1845

	ACLR5 range/MHz
	fxULlow-5*maxULCBWx
	fxULhigh+5*maxULCBWx
	1630
	1865



With such table it would be possible for proponents of FDD intra-band ULCA to detect potential MSD issues onto the SCC (the PCC MSD is already covered by the REFSENS). The parameters for the PCC/SCC ranges can be calculated based on the Minimum CBW for PCC that allows to reach the maximum aggregated BW and thus written in form of equations.
This table correctly detects that SCC is within ACLR5 range and MSD should be evaluated for IMD11 of the UL RB allocation and its image. Note that this format could be further improved when accounting only of the range that is on the DL side.
However, even with the latest way forward which is already quite advanced, there is no clear agreement on the maximum reach that should be analyzed, And, although there are guidelines on how to design the MSD test point, they do not provide a direct recommendation in terms of the channel bandwidths to be used for the PCC and SCC nor on how to calculate the placement of the RBs within those channels.
Observation on intra-band 1CC SCC MSD detection: A modified cross-band isolation calculation table could be developed to detect potential MSD, but further guidelines may be required to allow a full-proof template for FDD intra-band ULCA.
In a very similar way, the Intra-band ULCA IMD table template for two band DL combinations in Table 3 could be modified to detect the IMD reach into the PCC and SCC channels. Although most FDD case will not need to evaluate the IMDs that are away from UL, it should be noted that some flexible duplex bands or some NTN bands would potentially need the evaluation of the close to H2 range.
Table 3: 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
	1710
	1785
	Order
	flow
	fhigh

	2CCBW1
	10
	40
	IMD2
(1-1)
	Min2CCBW
	Max2CCBW

	fDL
	1805
	1785
	
	X
	X

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

	Order
	flow
	fhigh
	
	X
	X

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

	
	X
	X
	
	X
	X

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

	
	X
	X
	Order
	flow
	fhigh

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

	
	X
	X
	
	X
	X

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

	
	X
	X
	
	X
	X

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

	
	X
	X
	Order
	flow
	fhigh

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

	
	X
	X
	
	X
	X



We lack time here to present such a modified table for the detection of the intra-band ULCA IMDs into PCC and SCC, but are confident that a proper set of equations can be defined with the appropriate IMD orders to be considered. Especially after our measurements presented in [6] in this meeting, we believe the group will be able to determine the IMDs to be considered.

There are already quite advanced guidelines for the contiguous and non-contiguous intra-band ULCA MSD analysis but again some further agreement and simplifications may be needed to develop a fully proofed solution that can be handled within the block approval process at least in terms of detections of issues and test point design.

Based on the current situation, we do not think that the specification framework for FDD intra-band DLCA with 1 or 2 UL CCs is mature enough to develop a template available for Release 19 for block approval. However, the few cases already treated with an already fairly complete set of guidelines and the work already achieved for templates for the 2DL/1UL with 1 or 2 ULCCs is a good base to develop such a template within the beginning of Release 19.

Currently, these combinations are studied within the “not for block approval” process and needs a few meetings to complete, as the test point needs to first be agreed upon before multiple companies evaluate the MSD based on measurements or simulations. Using a template for block approval would cover most of the aspects, but the evaluation of the MSD and would speed up the process and free up time for the experts involved today in the “not for block approval” AI.

Proposal on block approval template for FDD intra-band DLCA with 1 or 2 UL CC MSD:
· Specification framework should mature further to enable a template that can be used in the block approval process.
· For example, in terms of ACLR or IMD range to be considered, CBW to be used for PCC/SCC and related RB allocation placement.
· The development of such template for block approval is however recommended to pursue in Release 19 with the following goals:
· Detect potential MSD issues to PCC/SCC for FDD intra-band ULCA with one or two UL CCs. Both contiguous and non-contiguous DLCA are in scope.
· The proponent can design the MSD test point to be evaluated based on restricted guidelines on PCC/SCC CBW and RB allocation placement.
· The evaluation of the MSD value can then be proposed or evaluated within the “not for block approval” AI by experts.
· It is not proposed that A-MPR issues resulting from intra-band ULCA are treated by block approval and it should be noted that this applies to both FDD and TDD.

3 Conclusion
In this contribution, we discussed the opportunity to develop a TP template for FDD intra-band combinations in order to cover them at least partially in the block approval process. Based on the current status the following is proposed.
Proposal on block approval template for FDD intra-band DLCA with 1 or 2 UL CC MSD:
· Specification framework should mature further to enable a template that can be used in the block approval process.
· For example, in terms of ACLR or IMD range to be considered, CBW to be used for PCC/SCC and related RB allocation placement.
· The development of such template for block approval is however recommended to pursue in Release 19 with the following goals:
· Detect potential MSD issues to PCC/SCC for FDD intra-band ULCA with one or two UL CCs. Both contiguous and non-contiguous DLCA are in scope.
· The proponent can design the MSD test point to be evaluated based on restricted guidelines on PCC/SCC CBW and RB allocation placement.
· The evaluation of the MSD value can then be proposed or evaluated within the “Not for block approval” AI by experts.
· It is not proposed that A-MPR issues resulting from intra-band ULCA are treated by block approval and it should be noted that this applies to both FDD and TDD.
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