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Introduction
[bookmark: _Hlk115189237]In R4#104b-e, the CA_n5-n28 two UL cross-band MSD issue that may exist beyond the 2UL IMDs were discussed in [2] and a way forward [1] was agreed upon which suggested to revisit the 2UL cross-band MSD issue in this meeting. In this contribution we further elaborate on the 2UL cross band issue based on measurements to justify the need for a specification in the WI phase. We also discuss whether the requirement should be based on a two-antenna or three-antenna architecture.
Discussion
Two antenna and three antenna cases
Figure 1 shows several architecture options to implement CA_n5-n28 and related attributes. In the interest of simplicity, the antenna switches and diplexer needed to implement additional LB and combinations with higher frequency bands are omitted.
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Figure 1: Two and three antennas architecture options

The two-antenna architecture shown in the top block is the natural extension of the LB RF front-end architecture with a quad-plexer, which is the structure in which MB-MB FDD-FDD combinations are supported (such as for CA_n1-n3 or CA_n25-n66). However, the n28 duplexer is in itself a challenge and is often implemented with a dual duplexer. This makes a full n28 + n5 quad-plexer a challenge and a dual n28 + n5 quad-plexer bulky and costly (also recognising that supporting other combinations with band 20 for example adds further to the challenge).

The two-antenna architecture shown in the middle block uses a dual triplexer approach, and is more feasible in the short term, also, it only needs two antennas (although with UL on both). As such, it is a qualified candidate for setting the requirement and, can be considered the baseline approach.

The architecture shown in the bottom block may appear to be as the simplest approach, if adding a third LB antenna can be defined as “simple”. It is important to clarify for the study purpose if this is a “genuine” LB antenna or a “borrowed” antenna that is optimised for higher frequency bands. Nevertheless, this approach may not be as simple as it seems as one of the duplexer attached to the 3rd antenna may need to be duplicated. Thus, the three-antenna option should not be considered as the baseline for the study and for establishing the requirements. The three-antenna option only needs to be enabled by defining requirements based on a two-antenna architecture in the WI phase, as this is nonetheless the long-term option for smartphones (of any size). Form our prospective, it is not possible within the current framework to advance a requirement that would only be applicable to a large/folding smartphone, without creating different UE types for FR1, which to date, we have refrained from doing.

Proposal on architecture:
· The study and requirement in the WI phase are based on a two-antenna architecture solution.
· The three-antenna solution should be enabled, but not drive a specific requirement or UE capability.
· For the three-antenna architecture solution, whether the third antenna (one of the UL antennas) is a “genuine” LB antenna or a “borrowed” higher band antenna should be clarified.
Two UL MSD
Aside from the architectural aspect, one remaining issue is whether there is a need to have a specific MSD for band n28, due to concurrent cross-band interference from n5 and n28 in a two UL configuration.
Several companies have discussed that this MSD level may be currently covered by the band n28 REFSENS that already accounts for a large n28UL interference for the larger channel bandwidths. However, there are some issues with that conclusion:
· This may be only true for the higher band n28 channel bandwidths (>15MHz) that have MSD (the largest MSD is ~12dB for 30MHz with a REFSENS of -78.5dBm)
· Cross-band MSD for n5 20MHz 1UL in 5MHz n28DL is 17.5dB. Even if power is reduced by 3dB in a 2UL case (both UL at 20dBm), the MSD will still be significant compared to the worst case n28 REFSENS.
· In the two UL case, a 30MHz n28 DL will be subject to the combined interference from a 30MHz n28 UL and a 20MHz n5 UL
· It is not clear what single UL MSD/REFSENS reference will be assumed in band n28 within a two UL conformance test.
For all of the above aspects, we performed measurements of the n5 and n28 UL interference for the following cases:
· 20MHz n5 UL at 23dBm (1UL) and 20dBm (2UL) interference measured in the nearest 30MHz n28 DL channel for multiple UL allocations: 10RB0, 20RB0 (REFSENS case), 50RB0 100RB0 (full).
· 30MHz n28 UL at 23dBm (1UL) and 20dBm (2UL) interference measured in the nearest 30MHz n28 DL channel for multiple UL allocations: REFSENS case 25RB135 at both powers, 10RB150, 50RB110 and 160RB0 (full) additionally for 20dBm.
With the small amount of time available between the two meetings, the measurements were performed on a simple setup without additional filtering to improve the noise floor. Still, the highest measured interference levels being 10dB above the measurement floor the values can be trusted and corrected for the noise floor contribution.
The raw measurements are provided in Table 1 and MSD is not calculated as it is sufficient to compare the amount of UL interference captured by the DL channel for the different cases. For the calculations, a typical n28UL to n28DL 50dB isolation is assumed while, a 37dB isolation is assumed for n5UL to n28DL in a triplexer/quad-plexer implementation. This is still an aggressive number and requires to be further confirmed. For the three-antennas case, there would be the benefit of an additional 10dB isolation through the antennas. However, the n5 duplexer would have less rejection in the n28DL band than the isolation offered in a triplexer or quad-plexer arrangement.
The UL configurations highlighted in yellow correspond to the REFSENS UL configuration but are set to the worst-case position for the cross-band MSD. The last column provides the UL interference level in the n28 30MHz DL channels based on UL power at the PA output (PAout column), and the filter isolation (ISO column). The first row is the reference level for the n28 30MHz REFSENS.
Table 1: UL interference power in 30MHz n28 DL channel for different UL cases
	UL configuration
	UL in n28 DL

	UL case
	Pout
	CBW
	UL alloc
	DL CBW
	PAout
	ISO
	In DL

	n28 1UL
	23
	30
	25RB135
	30
	-23.3
	50
	-73.3

	n5 1UL
	23
	20
	10RB0
	30
	-35.6
	37
	-72.6

	
	23
	20
	20RB0
	30
	-35.5
	37
	-72.5

	
	23
	20
	50RB0
	30
	-27.5
	37
	-64.5

	
	23
	20
	100RB0
	30
	-16.5
	37
	-53.5

	n28 2UL
	20
	30
	10RB150
	30
	-25.7
	50
	-75.7

	
	20
	30
	25RB135
	30
	-31.4
	50
	-81.4

	
	20
	30
	50RB110
	30
	-33.9
	50
	-83.9

	
	20
	30
	160RB0
	30
	-18.6
	50
	-68.6

	n5 2UL
	20
	20
	10RB0
	30
	-44.0
	37
	-81.0

	
	20
	20
	20RB0
	30
	-45.0
	37
	-82.0

	
	20
	20
	50RB0
	30
	-37.7
	37
	-74.7

	
	20
	20
	100RB0
	30
	-25.2
	37
	-62.2



Observations on 1UL per band interference:
· The REFSENS UL configuration is not the worst case for the UL interference level in the n28 30MHz DL channel (for both n5 and n28)
· At 23dBm, there are cases that are 20dB worse than the n28 REFSENS UL configuration case
· Even at 20dBm, there are cases that are 10-15dB worse than the n28 REFSENS UL configuration case
· The 3dB reduction for 2UL mode results in a significant (~9dB) reduction of the UL interference for the strong interference cases
· Even at 3dB lower power, there are cases that are worse or similar to the n28 REFSENS UL configuration case, and this is without summing the contribution of both ULs.
· Note that the UL interference from n28 or n5 UL using the REFSENS UL configuration, is of similar level. This means that the 37dB isolation assumption is optimistic, compared to the cross-band MSD of n5 UL into n28DL as defined in 38.101-1.

In Table 2, we investigate the sum of the n5 and n28 ULs interference into the n28 30MHz DL channel:
· The row highlighted in yellow shows when both n5 and n28 use their REFSENS UL configuration
· The first six rows use all allocation cases for n5 combined with the n28 REFSENS UL configuration
· The next five rows use a mix of small and large allocations in n5 and n28
· The last row uses the worst-case allocation in both n5 and n28
Table 2: Sum of n5 and n28 ULs interference in n28 30MHz DL
	UL configuration
	UL in n28 DL

	UL case
	Pout
	CBW
	UL alloc
	DL CBW
	PAout
	ISO
	In DL

	n5+n28 2UL
	20+20
	20+30
	10RB0+25RB135
	30
	20+20
	37+50
	-78.2

	n5+n28 2UL
	20+20
	20+30
	20RB0+25RB135
	30
	20+20
	37+50
	-78.7

	n5+n28 2UL
	20+20
	20+30
	50RB0+25RB135
	30
	20+20
	37+50
	-73.9

	n5+n28 2UL
	20+20
	20+30
	100RB0+25RB135
	30
	20+20
	37+50
	-62.2

	n5+n28 2UL
	20+20
	20+30
	10RB0+10RB150
	30
	20+20
	37+50
	-73.7

	n5+n28 2UL
	20+20
	20+30
	20RB0+10RB150
	30
	20+20
	37+50
	-73.9

	n5+n28 2UL
	20+20
	20+30
	50RB0+10RB150
	30
	20+20
	37+50
	-71.7

	n5+n28 2UL
	20+20
	20+30
	100RB0+10RB150
	30
	20+20
	37+50
	-62.0

	n5+n28 2UL
	20+20
	20+30
	10RB0+160RB0
	30
	20+20
	37+50
	-68.4

	n5+n28 2UL
	20+20
	20+30
	20RB0+160RB0
	30
	20+20
	37+50
	-68.4

	n5+n28 2UL
	20+20
	20+30
	50RB0+160RB0
	30
	20+20
	37+50
	-67.6

	n5+n28 2UL
	20+20
	20+30
	100RB0+160RB0
	30
	20+20
	37+50
	-61.3



Observations on 2UL interference:
· Even when using the REFSENS UL configuration in both bands, the total interference is in the same order of magnitude as that shown in the n28 REFSENS case for the same DL CBW (see first data row in Table 1)
· In many cases the two UL MSD is of the same order (orange) or worse (red) than the n28 REFSENS case for the same DL CBW.
· Also, in many cases, the 2UL combined interference is worse than the n5 1UL interference level for the UL configuration that was used for the n5 in n28 cross-band MSD (see yellow row in Table 1)

The above study is not intended to precisely match the current n28 REFSENS or CA_n5-n8 with n5 UL MSD levels defined in 38.101-1, but rather to compare how the 2UL configuration compares with those two 1UL cases. It is clear that the MSD resulting from the combined n5 and n28 UL can be of the same order of magnitude than both 1UL interference. However, in many cases, the resulting MSD can be even worse.

Since this MSD issue arises when both ULs are at maximum bandwidths, it is actually a different case than for the CA_n5-n28 where the n28 DL CBW is 5MHz. Also, in a two UL conformance test, it is not clear to us that the n5 1UL MSD is assumed nor that there won’t be 2UL cases that might yield worse MSD than the n28 REFSENS case. To avoid any ambiguities or cases where a UE fails conformance, it is better to define a specific 2UL cross-band REFSENs exception, with a realistic worst case UL allocation in each band.

Proposal on 2UL configuration: Two UL n5 and n28 combined MSD for n28DL is further studied for different DL channel bandwidths and UL allocations, in order to define a specific 2UL cross-band MSD for n28 DL under the combined interference on n28 and n5UL.
Conclusions
In this contribution, we have discussed the possible antenna and RF front-end architecture assumptions and reported on our measurements of the 1UL and 2UL interference in the DL of n28. Based on these evaluations, we make the following proposals.

Proposal on architecture:
· The study and requirement in the WI phase are based on a two-antenna architecture solution.
· The three-antenna solution should be enabled, but not drive a specific requirement or UE capability.
· For the three-antenna architecture solution, whether the third antenna (one of the UL antennas) is a “genuine” LB antenna or a “borrowed” higher band antenna should be clarified.

Proposal on 2UL configuration: Two UL n5 and n28 combined MSD for n28DL is further studied for different DL channel bandwidths and UL allocations, in order to define a specific 2UL cross-band MSD for n28 DL under the combined interference on n28 and n5UL.
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