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Introduction
At last RAN4 meeting 97e, two Way Forward (WF) have been approved: 
· A WF on an alternative to creating new BCSs [1], also known as BCS4 concept, which, when signaled, indicates that the UE supports all of the possible combinations of bandwidths based on the bandwidths that the UE supports for each band; and
· A WF on EN-DC large BW Cross Band Noise [2] which tentatively proposes to introduce additional MSD Test Points to cover the cases of cross band isolation MSD which are not currently specified to cover the worst-case scenario. In WF [2] the focus is to study the MSD due to C-IM3/5 products causing large receiver desensitization.
This document revisits both the ENDC and NR CA Cross Band MSD specifications and identifies combinations for which worst case MSD is not studied. In the case of NR CA, it identifies the list of work that would be needed if concept is going forward, as well as guidelines for future channel bandwidth extensions. For both EN-DC and NR-CA, we identify several corrections to ensure worst case MSD is captured. Based on these proposals, we propose that the additional MSD of WF [2] are not needed.
Discussion
To minimise the length of this discussion paper, here we revisit both EN-DC and NR-CA Cross-band (X-band) reference sensitivity exceptions specifications by using only the Uplink (UL) configuration tables. Generally, we observe four categories of issues:
Observation 1:
1) For EN-DC and NR-CA, MSD due to X-band isolation are not tested using the worst case UL configuration, leading to MSD levels which are sometimes under-estimated. 
2) For EN-DC When new CBW have been introduced, the MSD specifications/UL configuration tables have not always been systematically updated for both the UL aggressor band and the DL victim’s band. This is issue is observed for EN-DC.
3) For NR-CA, the channel BW at which the UL should be configured, as well as the SCS at which the DL should be configured are not as clearly specified as it is for EN-DC.
4) Some rare typos or invalid configurations.
In our understanding, MSD due to Xband isolation should follow the following principles:
· Uplink Channel Bandwidth (CBW) configuration: 
· For EN-DC: the UL CBW should be the highest possible CBW that is specified for the UL aggressor band. This is key in band combinations where the gap separating the DL victim band to the UL aggressor band is such that the adjacent ACLR, first alternate or second alternate ACLR emissions fall in victims Rx CBW. Figure 1 illustrates the impact of adopting fully allocated UL aggressor CBW configuration for the case of close proximity for Xband isolation MSD. The simulated power spectral densities here are used for comparison purposes of the difference in power spectral density falling in victim’s band between a partially allocated (Lcrb=25RB), small CBW UL (20MHz CBW) aggressor configuration (left-A) vs the PSD of a fully allocated (Lcrb=270RB), maximum channel bandwidth (50MHz CBW) for the example case of DC_3_n1. The aggressor simulated here is n1 UL band, and the victim is band 3 5MHz CBW represented in dashed red rectangle. Case A is reflective of the current specifications. Case B is that being proposed in this contribution. One can observe that Case B ensures near worst case MSD is covered.
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[bookmark: _Ref61616648]Figure 1: Impact of UL CBW on DL victim’s band using example of DC_3_n1, with victim band 3 5MHz CBW at highest channel (dashed red rectangle): Left (A) current 38.101-3 n1 aggressor UL configuration 20MHz CBW, Lcrb=25RB0, Right(B) Proposed n1 UL 50MHz fully allocated configuration.
· For NR-CA current BCS (<4): the UL CBW should be the highest possible CBW that is specified in the NR-CA BCS table.
· For NR-CA BCS4 concept: We assume here that NR-CA BCS4 UL CBW configuration should follow the same guideline as that of EN-DC, i.e., it should be specified as the highest possible UL CBW specified for the UL aggressor band.
· UL RB allocation (Lcrb) of the aggressor band:
· For EN-DC and NR-CA, the UL RB allocation should be set to the highest Lcrb value that is compatible with the DFT-s-OFDM 2,3,5 radix rule for the highest UL CBW previously discussed.
· UL SCS of the aggressor band:
· UL SCS should be the smallest SCS that is compatible with the highest UL CBW. 
· Carrier frequency of the UL aggressor band: The UL carrier frequency should be configured to minimize the gap separating the DL victim carrier to the UL carrier frequency.
· Downlink (DL) CBW:
· For EN-DC, MSD should be specified for all CBW specified in the victim’s band;
· For NR-CA with current BCSs (<4): MSD should be specified for all the CBW specified in the NR-CA BCS table. That is the case today in 38.101-1 17.0.0; and
· For NR-CA BCS4 concept: we assume that BCS 4 is equivalent to the EN-DC concept, i.e., the MSD should be specified for all of the victim’s band CBW.
· Downlink SCS:
· DL SCS should be the smallest SCS that is compatible with the highest DL CBW.
· Carrier frequency of the DL victim band: The DL carrier frequency should be configured to minimize the gap separating the DL victim carrier to the UL carrier frequency.
EN-DC Cross Band Isolation Specification Status
Figure 3 illustrates observation 1 where cells highlighted in:
· Blue corresponds to cases where the UL aggressor band is not specified to the highest specified CBW / Lcrb, thereby leading to MSD that might be underestimated. The reason for flagging these cases is briefly summarized in the last column. The first example is that of DC_3-n1, for which the current MSD ranges from 1.8 to 3dB using Lcrb =25Rb located as close to the victim’s band as possible, but with UL aggressor band n1 configured at 20MHz CBW. WF [2] uses this combination to propose the introduction of additional MSD test points to cover the case of higher n1 UL CBW. For example, at n1 50MHz CBW, it is possible to ensure a direct IM3/C-IM3 hit to the victims’ band, leading to a much higher MSD of approximately 17dB. We believe that additional test points may not be needed if we adopt the general guidelines of subclause 2 and summarized in Proposal 1. We believe it is sufficient to specify MSD by adopting the highest CBW configuration of the aggressor band and the highest supported Lcrb for that CBW (fully allocated waveform). For the example of DC_3_n1, n1 UL CBW should be configured to 50MHz, and UL n1 Lcrb should be set to 270RBs, with carrier positioned at the shortest gap from the victim’s band. By adopting this rule, we ensure that not only the worst-case MSD is captured, but we also remove the need to introduce additional test points. To illustrate this proposal, Figure 2 below compares the DC_3_n1 PSD for n1 UL aggressor CBW = 50MHz, where in Case B the UL is fully allocated, vs. Case C where Lcrb=25 but band 3 is victim of direct IM3 hit. One can see that Case B provides a similar PSD than Case C.
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[bookmark: _Ref61617025]Figure 2: Impact of UL CBW on DL victim’s band using example of DC_3_n1, with victim band 3 5MHz CBW at highest channel (dashed red rectangle): Left (A) current 38.101-3 n1 aggressor UL configuration 20MHz CBW, Lcrb=25RB0, Right(B) Proposed n1 UL 50MHz fully allocated configuration.
· in Yellow indicate cases for which specifications are missing for the some of the victim’s band CBW. For example, for the case of DC_18_n28, specifications are missing for the victim’s band n28 15,20 and 30MHz CBW. Adopting the general principle of section 2 to ensure that when a new CBW is introduced, both aggressor band configurations and victim’s band CBW should be systematically taken into account would prevent these gaps in the specifications.

· In orange flag what seems to be a typo for DC_48_n46. The LTE band 46 Lcrb exceeds the maximum value specified for E-UTRA band 48.

We would like to reiterate that Footnote 3 (green highlight- Figure 2) was introduced in [3] to remove ambiguity about which UL CBW should be used for UE verification. DL victim’s band SCS ambiguity has also been removed by adoption of footnote 4 in Table 7.3B.2.3.4-1. Both footnotes were introduced to avoid the introduction of additional columns. The situation is not as clear for NR-CA.
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[bookmark: _Ref61599132]Figure 3: 38.101-3 17.0.0 X-band UL configuration status overview – based on Table 7.3B.2.3.4-1. Blue: cases where the UL Lcrb is not the maximum Lcrb that is specified for the highest CBW of the aggressor band. Yellow: cases where the MSD/UL configuration is missing for some of victim’s band CBW. Orange: typos.

NR-CA Cross Band Isolation Specification Status
We present in Figure 4 a similar illustration of Observation 1 for NR-CA X-band specifications where cells are highlighted:
· Blue identifies cases where the UL CBW and Lcrb of the aggressor band do not correspond to the maximum value that is specified according to the maximum CBW listed in the corresponding NR-CA BCS. For example, in the case of CA_n1-n3, the maximum n1 aggressor band CBW specified in BCS 0 is 20MHz, Lcrb of 25RB is not the worst case. We also flag in blue some UL aggressor band SCS that do allow testing the UL aggressor to its maximum UL CBW. For example, in the case of CA_n41-n77, SCS15kHz effectively clamps the UL aggressor configuration to 50MHz CBW and 270RB. It prevents specifying worst case X-band MSD specification for which n41 should be configured at 100MHz CBW, SCS30kHz and Lcrb=270.

· Yellow identifies cases of DL victim’s band CBW for which MSD and UL configuration are missing in the case the BCS4 was to be implemented.

· We flag in orange an UL configuration typo since 30MHz CBW is not supported for band n79.

We also note that, contrary to EN-DC tables and despite the presence of Footnote 1, it is rather ambiguous as to what is the specified DL victim’s band SCS and what is the UL aggressor band CBW. Take for example the case of CA_n1-n40, where the aggressor band is n40. In BCS0, n40 is specified for 5,10,15,20,25,30,40,50,60,80MHz CBW. So, when n40 Lcrb is specified as 25,50,75,100RB for SCS 15, it is not clear if MSD has been analyzed with n41 aggressor’s CBW of 5,10,15MHz for the cases where n77 DL victim’s CBW is 5,10,15MHz, and for the remaining n77 victims’ CBW, if n41 UL CBW is assumed equal to 20MHz?

Observation 2:
For NR-CA, UL aggressor band CBW configuration and DL victim’s band SCS configuration is ambiguous.
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[bookmark: _Ref61601673]Figure 4: 38.101-1 17.0.0 X-band UL configuration status overview – based on Table Table 7.3A.6.2. Blue: cases where the UL Lcrb is not the maximum Lcrb that is specified for the highest CBW of the aggressor band for the NR-CA specified BCSs. Yellow: cases where the MSD/UL configuration would be missing if BCS4 was adopted. Orange: typo.

Finally, we would like to reiterate that despite what may be perceived as a relatively simple impact on BCS on the existing table, one should not underestimate the amount of workload that automatic BCS4 acceptance would have on MSD analysis. It might be tempting to use BCS4 to cover all possible CBW deployments for NR-CA combinations, but in our opinion one of the dangers behind using BCS4 automatically is, two-fold:
· Automatic adoption of BCS4 may have a significant impact on RAN4 workload ; and
· Automatic adoption of BCS4 may lead to specifications which do not reflect the majority of network configuration deployments.
For the latter point, if we consider all possible CBW permutations enabled by the BCS4 concept, we may end up specifying MSD requirements which may not be possible for certain markets. For example, the maximum UL CBW of aggressor band “X” might be applicable to region/market “A,, but the maximum CBW of victim band “Y” might only be applicable to another region/market “B,” then the specifications for CA_nX-nY might no longer be representative of either region A or B.

Observation 3: In certain cases, adoption of BCS 4 might increase RAN4 workload significantly and might lead to specifications which may not be supported in real network.
Proposals
Based on observation 1,2 and 3, we make the following proposals.

Proposal 1: Adopt the following general guidelines for Xband isolation MSD and UL configuration specifications

	
	Uplink Aggressor Band
	Downlink Victim Band

	Channel Bandwidth
	EN-DC and NR-CA BCS4: 
Highest CBW specified for the aggressor band

NR-CA BCS<4: 
Highest CBW specified for the aggressor band in the CA BCS table of the technical specification Release version.
	EN-DC and NR-CA BCS4: 
MSD and UL configuration to be specified for all victim’s band specified CBW. 

NR-CA BCS<4:
MSD and UL configuration to be specified for all victim’s band CBW specified in CA BCS table of the technical specification Release version.


	RB allocation
	Highest possible Lcrb that is compatible with the DFT-s-OFDM 2,3,5 radix rule for the highest UL CBW, ie. fully allocated UL configuration.
	Fully allocated DL configuration

	SCS
	SCS should be the smallest SCS that is compatible with the highest UL CBW

	Carrier Frequency
	The UL and DL carrier frequencies should be configured to minimize the gap separating the DL victim carrier to the UL carrier frequency.



Proposal 2: Xband isolation MSD specifications shall be revisited systematically whenever a new CBW is agreed in any band for the case of EN-DC combinations. For the case of NR-CA, these specifications should be reviewed systematically a new CBW is introduced in the combination BCS table, be it from BCS 0,1 range or for the new BCS4 concept.

Proposal 3: Remove ambiguity on NR-CA UL aggressor band UL CBW and DL victim band SCS by correcting/adding footnotes in a similar fashion as was agreed for EN-DC [3].

If proposal 3 is agreed, we propose to file corresponding CR either during this meeting or at the next meeting.

Proposal 4: In case new CBW are introduced in a given NR band, or new BCS 4 concept is agreed, review systematically all other MSD cases that might be impacted – For example MSD due to harmonic relation.

Proposal 5: Further study if Proposal 1 is enough to prevent the introduction of additional MSD TP as suggested in WF [2]

Proposal 6: Adoption of BCS4 for NR-CA should be carefully evaluated on a combination per combination basis in order to prevent triggering excessive workload on evaluating requirements that may no longer reflect the reality of commercial network deployments/cell configurations.

 
Conclusion
In this contribution, we review the impact of new CBW and new BCS4 concept onto the Xband isolation MSD specifications and make the following proposals:

Proposal 1: Adopt the following general guidelines for Xband isolation MSD and UL configuration specifications

	
	Uplink Aggressor Band
	Downlink Victim Band

	Channel Bandwidth
	EN-DC and NR-CA BCS4: 
Highest CBW specified for the aggressor band

NR-CA BCS<4: 
Highest CBW specified for the aggressor band in the CA BCS table.
	EN-DC and NR-CA BCS4: 
MSD and UL configuration to be specified for all victim’s band specified CBW. 

NR-CA BCS<4:
MSD and UL configuration to be specified for all victim’s band CBW specified in CA BCS table.


	RB allocation
	Highest possible Lcrb that is compatible with the DFT-s-OFDM 2,3,5 radix rule for the highest UL CBW, ie. fully allocated UL configuration.
	Fully allocated DL configuration

	SCS
	SCS should be the smallest SCS that is compatible with the highest UL CBW

	Carrier Frequency
	The UL and DL carrier frequencies should be configured to minimize the gap separating the DL victim carrier to the UL carrier frequency.



Proposal 2: Xband isolation MSD specifications shall be revisited systematically whenever a new CBW is agreed in any band for the case of EN-DC combinations. For the case of NR-CA, these specifications should be reviewed systematically a new CBW is introduced in the combination BCS table, be it from BCS 0,1 range or for the new BCS4 concept.

Proposal 3: Remove ambiguity on NR-CA UL aggressor band UL CBW and DL victim band SCS by correcting/adding footnotes in a similar fashion similar as was agreed for EN-DC [3].

If proposal 3 is agreed, we propose to file corresponding CR either during this meeting or at the next meeting.

Proposal 4: In case new CBW are introduced in a given NR band, or new BCS 4 concept is agreed, review systematically all other MSD cases that might be impacted, for example MSD due to harmonic relation.

Proposal 5: Further study if Proposal 1 is sufficient to prevent the introduction of additional MSD TP as suggested in WF [2].
 
Proposal 6: Adoption of BCS4 for NR-CA should be carefully evaluated on a combination per combination basis in order to prevent triggering excessive workload on evaluating requirements that may no longer reflect the reality of commercial network deployments/cell configurations.
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NOTE 1. The UL configuration applies regardiess of the channel bandwidth of the UL bana. UL resource blocks allocation in the table shall be further imited o that specified in
Table 7.3.1-21n TS 36.101 [4] or Table 7.3.2-31n TS 38.101-1 2]

INOTE 2: The UL resource blocks shall be located as close as possible to the downliink operating band but confined within the transmission bandwidth configuration for the channel
banawidih.

[NOTE 3 When the maximum UL RB allocation “Lexs” value is less than the maximur transmission bandwidth configuration “Nes” defined i Table 5.3.2-1in 38.101-1 [2]for the
[specified UL band SCS, the UL band should be configured using the lowest CBW thatis compatible with the maximum specified Loas value.

NOTE 4 ifthe aggressor band is NR band, the test SCS and UL RB can be adjusted according to supported BW and lowest SCS supported by the UE.

INOTE 5 The requirements only apply for UES supporting inter-band ENDC with simultaneous Rx/Tx capabilf. Simultaneous RuTx capability does not apply for UES supporting
bana 42 with a n77 implementation only. These restictions are applicable to related higher order configurations.
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