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1. Introduction
In R4#101b-e, it was proposed in [1] that the band combination “not for block approval” aspects are captured in TR 38.862. In the email summary [2] it was agreed that a TP should be provided to capture these aspects and some technical guidelines on MSD due to IMD or triple beat issues when UL configurations included intra-band UL CA. In this contribution we provide the suggested texts and TR re-organization to introduce the aspects pertaining to band combinations not for block approval.
2. Discussion
In the email summary for FS_BC_handling [2] the following is agreed:
[bookmark: _GoBack]
· Sub-topic #2-1 (2nd round)  Rules for band combinations not for block approval
Tentative agreements:
A TP is recommended at next meeting. The following content is suggested to be included in the TP.
· List of agreed cases “not for block approval” and the justification
· Overview of specification framework and associated technical guidelines for stable cases:
· MSD due to IMD of intra-band UL CA in UL configuration (nXXB, vXXC, nXX(2A) for both intra-band and inter-band combinations
· MSD due to cross-band isolation for LB-LB cases (note that guidelines may be applicable more generically)
· Status of specification framework and associated technical guidelines for not yet mature cases: MSD due to triple beat 2UL configuration with at least one intra-band contiguous UL

To introduce these aspects in the latest revision of TR 38.862 [3] we propose the following

Proposal on TR structure:
· Add a section “6.2.1.2 The workflow on introduction of band combinations not for block approval”. This section covers band combinations not valid and band combinations not for block approval in Release 17.
· Modify Figure 6.2.1.1-1 to include the band combinations not valid or not for block approval in release 17. The figure may be promoted to before section 6.2.1.1 to represent the whole band combination work flow. 
· Add a section 	“7.3 Guidelines on introduction of intra-band combinations including intra-band ULCA in their UL configurations”. Sub-sections will cover the two cases: single band UL IMD related MSD and dual band UL triple beat related MSD.
2.1 Band combinations not valid or not for block approval in R17
The RAN plenary WF [4] provides the following rules for release 17 band combinations:
Guidelines for Combinations Not for Block Approval:
· Intra-band contiguous EN-DC with new bandwidth class, such as classes AC and CB: Need a new feature defined.
· Intra-band UL CA with 2 CCs where A-MPR requirements have not been specified (in basket WID not for block approval)
· Intra-band contiguous UL CA with 3 CCs (feature not yet defined)
· UL CA with three or more non-contiguous CCs (feature not yet defined) including
· Inter-band UL CA with UL in three or more bands
· Intra-band non-contiguous UL CA with three or more discrete UL CCs
· Inter-band UL CA consisting of intra-band non-contiguous UL CA 
Way Forward
· Guidelines for Rel-17 FR1 CA/DC combinations approval that RAN4 will develop should be captured in the TR created in the SI on band combination handling.
· The list of guidelines presented in this WF can be used as baseline for further discussions and refining in coming RAN4 meetings.
· Dedicated agenda in coming RAN4 meetings can be arranged by RAN4 Chairman for guidelines which require further discussions.

As suggested in the RAN way forward, the band combinations cases “not for block approval was further refined in RAN4 in [5]:
FR1 Band Combinations Not for Block Approval
· Inter-band DL CA with intra-band contiguous or non-contiguous UL CA which has potential IMD impact to the simultaneous Tx/Rx cross-band DL. No simultaneous Tx/Rx to victim DL band is still applicable to block approval with a clarification note in the TP.
· Develop IMD analysis framework and related MSD specification tables.
· Example: CA_nX-nY(2A) or CA_nX-nY(2A)-nZ with UL CA_nY(2A) 
· Inter-band combinations with three UL CCs in two bands. If more than one CC in one band, the CC should be contiguous. No simultaneous Tx/Rx to victim DL band is still applicable to block approval with a clarification note in the TP.
· Triple-beat analysis should be provided for two and three DL band cases for cross-band MSD in simultaneous TX/RX DL bands.
· Develop IMD and triple-beat analysis framework and related MSD specification tables with three UL CC cases as a priority.
· Example: CA_nX-nYB/C or CA_nX-nYB/C-nZ with UL CA_nX-nYB/C
· Intra-band UL CA with two CCs where A-MPR requirements have not been specified.
· Inter-band combinations with three or more bands below 1 GHz with UL in one or two bands
· Example: DC_8-20_n28
· Inter-band combinations with two bands below 1 GHz and UL in two bands not yet specified in E-UTRA
· Example: DC_20_n28 
· Inter-band combinations with three or more bands within 1 – 2.2 GHz with UL in one or two bands not yet specified in E-UTRA.
· Example: CA_1A-3A-11A (already specified in E-UTRA, for illustration only)
FR1 Band Combinations Not Allowed in R17
· Intra-band contiguous EN-DC with new bandwidth class, such as classes AC and CB: Need a new feature defined.
· Intra-band contiguous UL CA with three CCs (feature not yet defined)
· UL CA with three or more non-contiguous CCs (feature not yet defined) including
· Inter-band UL CA with UL in three or more bands
· Intra-band non-contiguous UL CA with three or more discrete UL CCs
· Inter-band UL CA consisting of intra-band non-contiguous UL CA
· Whether inter-band combinations with two contiguous UL CCs in each of the two UL bands which has potential IMD impact to the simultaneous Tx/Rx victim DL band is allowed or not will be further discussed.   

In the following RAN4 meeting, some additional way of working aspects were detailed in [6].
Observation: in the list of cases, there two types of band combinations:
· Those that require new feature that are not valid combinations in release 17 as the feature is not defined which in general boils down to 3 separate UL clusters, 3 intra-band UL CCs or 3Tx combinations (combinations requiring 3 transmit paths)
· Those that are not for block approval and should be handled in “not for block approval” AI and are related to:
· 2 UL CC or more A-MPR or MSD issues not covered by the usual analysis in the block approval TPs
· LB-LB and LB-LB-LB cases that require discussion on architecture and filtering performance
· These need to have discussion papers submitted to the “not for block approval AI.

Text proposal:

<< Start of TP >>
6.2	Band combination request
[bookmark: _Toc81509786][bookmark: _Toc93999359]6.2.1	Band combination workflow
6.2.1.0 General
This chapter describes the workflow for the introduction of band combinations in:
· Section 6.2.1.1 for band combinations that are “for block approval”
· Section 6.2.1.2 for band combinations that are not valid in Release 17 or “not for block approval” with their definitions in sections 6.2.1.2.1 and 6.2.1.2.2 respectively.
Before a band combination is submitted to the “for block approval” workflow, proponents should check if it does not fall under one of the definition in sections 6.2.1.2.1 or 6.2.1.2.2 and use the appropriate workflow.
[bookmark: _Toc81509787][bookmark: _Toc93999360]6.2.1.1 The workflow on introduction of band combinations for block approval
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In order to improve the efficiency of RAN4’s work, it’s necessary to introduce a clear workflow on the introduction of band combinations for block approval. The workflow on the introduction of band combinations for block approval is shown as figure 6.2.1.1-1 as a typical example for one RAN4 meeting in one quarter. The specific steps are listed as below.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]#1 Band combinations should be requested by contact person using request template. And the request spread sheet should be shared in the reflector 3GPP_TSG_RAN_WG4_NR_BANDS for NR CA, MR DC and SUL band combinations or 3GPP_TSG_RAN_WG4_CA for LTE CA band combinations before RAN4#(X-1) meeting.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK9][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK16][bookmark: OLE_LINK17]#2 Band combinations should be captured into the draft revised WIDs during RAN4#(X-1) meeting by rapporteurs.
#3 The official revised basket WIDs can be approved together with requested band combinations during RAN#(Y-1) meeting.
#4 Proponents should prepare and submit the corresponding contributions, e.g. draft CR, TP before RAN4#X meeting.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK14][bookmark: OLE_LINK15]#5 The Block/Approval procedure is applicable to the band combinations in one week before formal RAN4#X meeting, if there is no general issues observed.
#6 The contributions will be discussed during RAN4#X meeting. And the final decision will be made by chairman. 
#7 If the contributions are approved or endorsed, the corresponding band combinations should be captured into the big CRs and/or TRs by rapporteurs. Note: The big CR is an official CR which is used to capture all the corrections for one specification by rapporteur under basket WI.
[bookmark: OLE_LINK20]#8 Email approval can be used for the big CRs and/or TRs in one week after formal RAN4#X meeting.
[bookmark: OLE_LINK21]#9 The status of band combinations should be shared by contact person after formal RAN4#X meeting.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]#10 The status of band combinations should be captured into the WID and/or SR by rapporteurs.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]#11 RAN #Y will approve the big CRs and revised WIDs.
#12 The agreed band combinations will be introduced into the specification in next version.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 6.2.1.1-1 The workflow on the introduction of band combinations for block approval
6.2.1.2 Band combinations not valid or not for block approval in release 17
6.2.1.2.1 New band combination types in release 17
In release 17, in the new band combination requests, new cases were requested:
· Intra-band and inter-band combinations with new UL configurations
· inter-band combinations within low bands (<1GHz).
These new cases could not be handled with the block approval procedures in some cases because:
· The general requirement did not exist or was not agreed to be developed in release 17
· Or, it used UL configuration that may cause MSDs that are not captured within the analysis of the block approval TPS 
· Or, it required detailed filter and antenna architecture and performance study to determine the feasibility (inter-band combinations <1GHz)

In order to manage these cases, agreements in RAN and RAN4 established a list of band combinations types that are not valid in Release 17 and a list of band combinations that are not for approval.
6.2.1.2.2 Band combinations not valid in release 17
The list of band combination types that are not valid in release 17 due to missing feature is:
· Intra-band contiguous EN-DC with new bandwidth class, such as classes AC and CB: Need a new feature defined.
· Intra-band contiguous UL CA with three CCs (feature not yet defined)
· UL CA with three or more non-contiguous CCs (feature not yet defined) including
· Inter-band UL CA with UL in three or more bands
· Intra-band non-contiguous UL CA with three or more discrete UL CCs
· Inter-band UL CA consisting of intra-band non-contiguous UL CA

In general these pertain to cases where:
· There is more than 2 simultaneous non-contiguous UL clusters
· There are more than 3 simultaneous transmitters involved.

In terms of handling, those cases should not be proposed or requested into basket WIs and thus to the “block approval” or “not for block approval” AIs. If agreed in RAN such combinations can be introduced via a dedicated WI. Thus ideally, invalid release 17 band combinations should not get into the step #1 of Figure 6.2.1.1-1. Since it is not possible to guarantee that such combination won’t reach even step #5, these combinations can be flagged for removal at any step before step #6 but in the exceptional occurrence where it gets beyond step#5, invalid release 17 band combinations should be removed from the specification as soon as identified.
6.2.1.2.3 Band combinations not for block approval in release 17
The list of band combination types that are not for block approval in release 17 due to analysis in block approval templates is:
· Inter-band DL CA with intra-band contiguous or non-contiguous UL CA which has potential IMD impact to the simultaneous Tx/Rx cross-band DL. No simultaneous Tx/Rx to victim DL band is still applicable to block approval with a clarification note in the TP.
· Example: CA_nX-nY(2A) or CA_nX-nY(2A)-nZ with UL CA_nY(2A) 
· Inter-band combinations with three UL CCs in two bands. If more than one CC in one band, the CC should be contiguous. No simultaneous Tx/Rx to victim DL band is still applicable to block approval with a clarification note in the TP.
· Triple-beat analysis should be provided for two and three DL band cases for cross-band MSD in simultaneous TX/RX DL bands.
· Example: CA_nX-nYB/C or CA_nX-nYB/C-nZ with UL CA_nX-nYB/C
· Intra-band UL CA with two CCs where A-MPR requirements have not been specified.
· Inter-band combinations with three or more bands below 1 GHz with UL in one or two bands
· Example: DC_8-20_n28
· Inter-band combinations with two bands below 1 GHz and UL in two bands not yet specified in E-UTRA
· Example: DC_20_n28 
· Inter-band combinations with three or more bands within 1 – 2.2 GHz with UL in one or two bands not yet specified in E-UTRA.
· Example: CA_1A-3A-11A (already specified in E-UTRA, for illustration only)

In general these pertain to cases where:
· MSD cases calculation in block approval template do not identify 2UL CC or 3UL CC IMDs or triple beat cases
· 2 or 3 band combination with <1GHz where antenna and filter architecture should be agreed to derive potential MSD issues.
· 3 band combinations in 1-2.2 GHz range which have not been defined in LTE where the quad/penta/hexa-plexer feasibility and performance should be agreed to derive potential MSD issues.

In terms of workfow, those cases can be proposed or requested, but rather than using block approval TP templates and submitting the contributions into the step #5 of Figure 6.2.1.1-1, on top of TPs, discussion papers should be submitted to the “not for block approval” AI and discussed in the associated thread. Within the “not for block approval thread” TPs and draft CRs can be agreed for these combinations to be captured in TR and BigCRs at step # 7 of Figure 6.2.1.1-1. Since it is not possible to guarantee that such combination won’t reach even step #5, these combinations can be flagged to be moved to the “not for block approval” AI and thread. 
Note that for cases where simultaneous Tx/Rx do not apply, the combination can still be introduced with the “block approval” procedure provided the non-simultaneous Tx/Rx Note is clearly stated.
The discussion papers should cover:
· For intra-band CA or DC:
· Potential A-MPR issue related to contiguous or non-contiguous UL CCs in intra-band combinations
· Potential 1UL and 2UL related MSD in FDD intra-band (some technical guidelines are being developed)
· For Inter-band cases with intra-band ULCA in one band, 2UL CC or 3UL CC IMDs or triple beat cases should be discussed based on technical guidelines provided in 7.3 of this TR.
· For 2 band or 3 band Inter-band cases <1GHz, the antenna multiplexing and filter performance should be discussed including whether 1 or 2 UL paths are needed and potential MSD derived.
· For > 3 band Inter-band cases in 1 – 2.2 GHz range, multiplexing architecture and filter performance should be discussed and potential MSD derived.

The scope of “not valid” band combinations and “not for block approval” band combinations may evolve in future release.

<< End of TP >>
2.2 Guidelines for MSD calculations for band combinations with intra-band UL CA in their UL configurations
In release 17 new UL configuration types have been requested where at least one of the UL band includes intra-band UL CA. There are two types:
· Type 1 (2UL CC) band combinations with a single UL band based on contiguous or non-contiguous UL CA that generates MSD issues due to the IMD products of the allocation in each CC: for example UL allocations like CA_nXXB, CA_nXXC or CA_nXX(2A). Note that this is valid for both CA and DC
· Type 2 (3 or 4 UL CCs) band combinations with dual UL bands where at least one UL band is based on contiguous UL CA (non-contiguous UL CA is not allowed since with the second band it would create 3 separate UL clusters) that generates MSD issues due to the triple beat products between the allocation in each CC and each bands: for example UL allocations like CA_nXXA_nYYB, CA_nXXA_nYYC or CA_nXXB_nYYC...  Note that this is valid for both CA and DC.

Both types of issues are discussed in way forward [7] with the following illustrations of the issues:
[image: ]
Figure 1: Type 1 case (2 contiguous or non-contiguous CCs in one band) IMDs in the second and/or third band
In the case (type 1) illustrated in Figure 1:
· IMD5 of the 1RB+1RB case from the UL CA configuration of band 2 fall in the DL of band 1
· IMD3 of the 1RB+1RB case from the UL CA configuration of band 2 fall in the DL of band 1
·  This issue can apply to two band or three band inter-band combinations  

[image: ]
Figure 2: Type 2 case (2 contiguous CCs in one band and 1 or 2 contiguous CCs in a second band) triple beat products (on top of IMDs) in the second and/or third band
In the case (type 2) illustrated in Figure 2:
· Same IMD products than type 1, but with additional triple beat tones here FUL_CC1 + FUL_CC2-2 – FUL_CC2-1
· This issue can be very severe if the UL intra-band distance between the two allocations is close to the duplex distance but also is it is equal to the distance between the single UL and another band
· This issue can apply to two band or three band inter-band combinations 
· Cases where there two contiguous CC in each UL band, has two time type 2 cases.

The first type technical guidelines were developed in [8] and are relatively mature as it builds on IMD issues already addressed in 2UL cases. For the second type, the issues are related to triple beat products that are new in RAN4 in terms of MSD assessment. Still some preliminary guidelines are developed in [9].
<< Start of TP >>
[bookmark: _Toc93999370]7.2	Guidelines on introduction of PC2 combinations
For introduction of PC2 combinations with 2 bands DL and 3 bands DL a TP is required.
UL power configuration is captured only for PC2 2 bands DL band combinations with either inter-band (2UL) or Intra-band 1UL.
Introduction of PC2 band combinations with more than 3 bands DL are done with draft CRs directly. 
7.3	Guidelines on introduction of band combinations with intra-band ULCA in UL configuration
7.3.1 Handling of band combinations subject to triple beat interference
For introduction of 2 band or 3 band inter-band combinations with intra-band UL CA in one of the 1UL or 2UL configuration, a discussion paper should be submitted to the “not for block approval” AI with a draft CR for introduction of IMD or triple beat related MSD. In some cases, band protection level may need to be checked for IMD levels.
In the following chapters some of the derived technical guidelines are provided in order to help proponents in preparing their discussion papers.
7.3.2 Two and three band combinations with 1UL band and intra-band ULCA as UL configuration
7.3.2.1 Description of the issue
For 2 band and 3 band inter-band combinations with simultaneous Tx/Rx operation with at least 1UL band with intra-band UL CA in the UL configuration, MSD related to IMDs of intra-band UL CA part (contiguous or non-contiguous) needs to be analysed. Note that non-contiguous intra-band UL CA is only applicable to cases with UL in only one band.
In some cases, band protection level may need to be checked for IMD levels especially for IMD3 and IMD5 collision and low UL filter rejection. In this case:
· For the cases where -50dBm/MHz band protection cannot be fulfilled, the proponent must provide a resolution with UL restriction, relaxed protection level and seek approval from the owners of this band
· A separate input to CA coexistence Table 6.5A.3.2.1-1 should be specified in 38.101-1 with the agreed exception.

This IMD cases are illustrated in Figure 7.3.2.1-1 and shows:
· IMD5 of the 1RB+1RB case from the UL CA configuration of band 2 falls in the DL of FDD band 1
· IMD3 of the 1RB+1RB case from the UL CA configuration of band 2 falls in the DL of third band 3.

[image: ]
Figure 7.3.2.1-1: Type 1 case (2 contiguous or non-contiguous CCs in one band) IMDs in the second and/or third band
More generally:
· If the UL configuration is contiguous UL CA, the following assumptions can be used:
· IMD3 can reach up to 200MHz OOB with -13dBm/MHz
· IMD5 can reach up to 400MHz OOB with -30dBm/MHz for NS_01 and -25dBm/MHz for NS_04
· IMD7 can reach up to 600MHz OOB with -45dBm/MHz for NS_01 and -35dBm/MHz for NS_04
· If the UL configuration is non-contiguous UL CA, the following assumptions can be used:
· IMD 3 can reach up to 600MHz OOB with -30dBm/MHz
· IMD 5 can reach up to 1200MHz OOB with -45dBm/MHz
· The above levels are further attenuated by the UL band filter and any diplexer
· There is only an MSD or band protection issue with band that have simultaneous Tx/Rx with the UL band

Note: This specification framework is stable and a TP template could be developed for next release eventually allowing this type of combinations to be treated within the “block approval” procedure. The template could follow the contiguous UL CA and non-contiguous UL CA as UL configurations guidelines developed in sections 7.3.1.2.and 7.3.1.3 respectively.
7.3.2.2 Calculations and specification for contiguous UL CA as UL configuration
The IMD order can be calculated for contiguous UL CA using the following formula: 
IMD order = 2*ceil(WGap /Min(maxUL aggregated BW, UL band bandwidth) + 1.
Where WGap is the distance between the closest edges of the band with the intra-band UL CA UL configuration and the victim DL band.
In general if:
· IMD order is > 5, band protection issue can be ignored
· IMD order is > 11, MSD can be ignored

Example calculation for non-contiguous UL CA UL configuration: CA_n25A-n41C with CA_n41C UL configuration. In this calculation we account for the US spectrum in n41 which is 2496 – 2690 MHz. 
WGap = lowest band edge of n41 US spectrum - highest DL band edge of n25 = 2496 – 1995 = 501 MHz
Min(maxUL aggregated BW, UL band bandwidth) = Min(190, 194) = 190 MHz
IMD order is:2*ceil(501 / 190)+1 = 7
Conclusion: no issue with band n25 protection but MSD related to IMD 7 falling in band 25 DL is required. MSD is then calculated based on -35dBm/MHz (NS_04) IMD7 level, 1RB+1RB configuration and any relevant attenuation.
The IMD related MSD should be captured in 38.101-1 section 7.3A.5Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in tables 7.3A.5-1 and Table 7.3A.5-2. Similar tables are used for the corresponding section in 38.101-3. 
The table shall use the following format for non-contiguous UL CA UL configuration based on CA_n22-n41C with n41C as UL configuration example.
Table 7.3.2.2-1: Example of MSD test point Table for contiguous UL CA as one band UL configuration
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n25-n41
	n25
	N/A
	5
	N/A
	1992.5
	8.5
	FDD
	IMD7

	
	n41
	2550
	90
	1 (RBSTART=0)
	2550
	N/A
	TDD
	N/A

	
	
	2645
	100
	1 (RBSTART=192)
	2645
	
	
	


7.3.2.3 Calculations and specification for non-contiguous UL CA as UL configuration
The IMD order can be calculated for non-contiguous UL CA using the following formula: 
IMD order = 2*ceil(WGap /Min(maxBW separation class, UL band bandwidth) + 1. 
Where WGap is the distance between the closest edges of the band with the intra-band UL CA UL configuration and the victim DL band.
In general if:
· IMD order is > 3, band protection issue can be ignored
· IMD order is > 9, MSD can be ignored

Example calculation for non-contiguous UL CA UL configuration: CA_n2A-n77(2A) with CA_n77(2A) UL configuration. In this calculation we account for the US spectrum in n77 which is 3450 – 3980 MHz and a maximum bandwidth separation class of 600 MHz.
WGap = lowest band edge of n77 US spectrum - highest DL band edge of n2 = 3450 – 1990 = 1460 MHz
Min(maxBW separation class,UL band bandwidth) = Min(600, 3980 – 3450 = 530) = 530 MHz
IMD order is:2*ceil(1460 / 530)+1 = 7
Conclusion: no issue with band n2 protection but MSD related to IMD 7 falling in band 2 DL is required. MSD is then calculated based on <-45dBm/MHz IMD7 level, 1RB+1RB configuration and any relevant attenuation.
The IMD related MSD should be captured in 38.101-1 section 7.3A.5Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in tables 7.3A.5-1 and Table 7.3A.5-2. Similar tables are used for the corresponding section in 38.101-3. 
The table shall use the following format for non-contiguous UL CA UL configuration based on CA_n2-n77 with n77(2A) as UL configuration example:
Table 7.3.2.3-1: Example of MSD test point Table for non-contiguous UL CA as one band UL configuration
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n2-n77
	n2
	N/A
	5
	N/A
	1987.5
	2.7
	FDD
	IMD7

	
	n77
	3455
3945
	10
10
	1 (RBSTART=10)
1 (RBSTART=0)
	3455
3945
	N/A
	TDD
	N/A

	
	
	
	
	
	
	
	
	



7.3.3 Two and three band combinations with 2UL band and intra-band ULCA as UL configuration in at last one band
7.3.3.1 Description of the issue
For 2 band and 3 band inter-band combinations with simultaneous Tx/Rx operation with 3 (1 CC in UL  band 1 and 2 contiguous CC in UL band 2) or 4 UL CCs (2 contiguous CC in UL band 1 and 2 contiguous CC in UL band 2), on top of IMD issues described in 7.3.1, triple beat products are a potential issue.
This issue is a new case in RAN4 and there is no available study or specification framework to build on. Some preliminary guidelines are available though and can be used to prepare the discussion papers to be submitted in the “not for block approval” AI.
Such triple beat issue is illustrated in Figure 7.3.3.1-1.
[image: ]
Figure 7.3.3.1-1: Type 2 case (2 contiguous CCs in one band and 1 or 2 contiguous CCs in a second band) triple beat products (on top of IMDs) in the second and/or third band
In the case (type 2) illustrated in Figure 7.3.3.1-1:
· Same IMD products than type 1 that should be treated as in section 7.3.1.2 but with additional triple beat tones, here FUL_CC1 + FUL_CC2-2 – FUL_CC2-1:
· This issue can be very severe if the UL intra-band distance between the two allocation is close to the duplex distance but also is it is equal to the distance between the single UL and another band
· This issue can apply to two band or three band inter-band combinations 
· Type 3 has two type 2 cases.
7.3.3.2 Calculations and specification for contiguous UL CA as UL configuration
Detecting a triple beat issue in the FDD band DL or a third band DL:
· Mainly consider the 1st order triple beat α (TX22TX1) of 3rd order non-linearity -> this is shown in the table as triple beat order 1. 
· Detection -> 
· Further check the 2nd order triple beat α (TX24TX1) of 5th order non-linearity -> this would be shown in the table as triple beat order 2. 
· Detection -> 
· This may come into play for higher TX power for power class 2 capable bands
· Neglect the 3rd order triple beat α (TX26TX1) of 7th order non-linearity.  
· Detection -> 
· Where 
· In REL-17, eligible combinations are restricted to intra-band contiguous UL CA, so Wgap is not applicable for REL-17 combinations and equal to zero. Thus ULCA BW is equal to the maximum aggregated bandwidth in the UL band.

Being much less mature, the specification framework for triple beat MSD is not yet complete and, at this time, it is unclear what is the main contribution to MSD. As a first step, the equations above can discriminate if a potential triple beat MSD exists.
Example calculation for non-contiguous UL CA UL configuration: DC_3A_n41C with CA_3A_n41C UL configuration. In this calculation we account for the Chinese spectrum in n41 which is 2515 – 2675 MHz.
Ca_41C maximum aggregated bandwidth is 160 MHz in China while the band 3 duplex distance is 95 MHz and thus band 3 DL is subject to the first order triple beat when the 1RB+1RB configuration in CA_n41C distance is close to 95MHz.
The triple beat related MSD should be captured in 38.101-1 section 7.3A.5Reference sensitivity exceptions due to intermodulation interference due to 2UL CA in tables 7.3A.5-1 and Table 7.3A.5-2. Similar tables are used for the corresponding section in 38.101-3. Since up to now only first order triple beat are evaluated these can be captured as IMD3.
The table shall use the following format based on DC_3A-n41C as UL configuration as example.
Table 7.3.3.2-1: Example of MSD test point Table for triple beat interference 
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL 
BW (MHz)
	UL 
LCRB
	DL Fc 
(MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	DC_3A-n41C
	3
	1782.5
	5
	25
	1877.5
	[12.7]
	FDD
	3

	
	n41C
	2555
2635
	[80]
[80]
	[1 (RBstart=88)]
[1 (RBstart=128)]
	2555
2635
	N/A
	TDD
	N/A



<< End of TP >>
3. Conclusions
In this contribution, we provided TP to TR 38.862 to introduce guidelines for band combinations not valid or not for block approval in release 17.
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