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Introduction
[bookmark: _Hlk115189237]In R4#105, the CA_n5-n8 blocking issues were discussed in [2] and a way forward [1] was agreed on baseline architecture and aspects to be studied. In this contribution we provide our feasibility assessment on the different architectures with and without a dedicated filter and evaluate the blocking and MSD issues based on PA measurements.
Discussion
Baseline RF architecture with full n8 UL filter
n5 receiver blocking from n8 UL
As a follow up of the study we performed on blocking issue in [2] in last meeting, we have completed further measurement to assess the level of the band n8 10MHz UL leakage in the band n5 DL filter

We measured the PA output UL leakage within the overlap region between n8UL and n5 DL for the 10MHz 25RB0 DFT-s-OFDM QPSK waveform at the bottom of the n8 restricted range and 23dBm in:
· A few 5MHz ranges,  
· The top 10MHz
· The entire n5 band

The results are provided in Table 1 where the levels in different regions are compared to the applicable in-band blocking levels and assume that the n8 UL and n5 DLs are on different antennas (which requires 3 antennas).
Table 1: n8R UL leakage level in band n5 with n8 full UL band filter
	n5 range
	n5-n5R
	entire
band

	Bandwidth (MHz)
	10MHz
	5MHz
	

	position
	top
	top
	-5MHz
	-9MHz
	

	PA noise (dBm/BW)
	-34.5
	-35.8
	-42.5
	-47.4
	-31.8

	
	
	-35.0
	-41.3
	

	blocking case
	#2 -44dBm
	#1 -56dBm
	#2 -44dBm

	antenna rejection (dB)
	10
	10
	10
	10
	10

	n8 filter rejection (dB)
	0
	0
	0
	0
	5

	n8 blocking level (dBm)
	-44.5
	-45.8
	-52.5
	-57.4
	-46.8

	
	
	-44.7
	-51.3
	



Observations:
· Blocking case 1 is failed when accounting for the overall leakage in the overlapping region of n5 DL and n8 UL filters
· Blocking case 2 is marginal anyhow and would fail for a UE that would reach the top range of PC3
· The 10MHz 25RB0 case may not be the worst for the leakage level close to the top of the n5 restricted DL range.

This confirms that the n5 receiver cannot operate in the presence of the n8 UL, at least when at max power. Even at lower n8 UL power, the n5 receiver will not be able to handle the combined in-band blocking of an interferer added to the UL leakage. Thus, as recommended in the way forward [1], a solution must be found.
Architecture options and requirements
To handle the n5 DL blocking form n8 UL, two options were proposed in [1]:
· Option 1: Restricting UL support to n5 UL only
· Option 2: 2UL but Non-concurrent operation between n5 DL and n8 UL
· NOTE: Check if this kind of configuration is allowed according to current RAN2 specifications

Our preference and the simplest approach is Option 1 as it does not imply any loading of the n8 UL or n5 DL filters in the overlap region via the antenna coupling. However, if the loading could be accounted for in the n5 DL performance (delta RIB), there could be an alternative by which n8 UL could be supported as long as the cell sets PEmax,C to a lower value that would prevent blocking of n5 receiver and possibly limit its de-sense.

As a first approach, the power should be reduced such that the leakage reaches a level 10dB lower than the related blocking level. Based on our measurements this would need about 18dB reduction of the UL leakage which, assuming a 3dB/per dB decay, would require to lower the power to 17dBm max.

We also think that the non-overlapping n5UL/n5DL option is feasible, but we think that a n5UL/n5DL+n8UL/n8DL triplexer is challenging with the n5DL+n8UL bandwidth of 46MHz and a duplex gap of 10MHz on n8 side and 20MHz of the n5 side. 

Proposal on full band n8 UL architecture: to manage the UL leakage issue we propose:
· The preferred option is to only support n5 UL and use a two-antenna solution baseline with a n5UL/n5DL/n8DL triplexer on antenna 1 and a n5DL/n8UL/n8DL triplexer with n8UL branch switched out on antenna 2
· For n5 and PEmax,c clamped power n8 UL support we propose to use a three-antenna solution with n5UL/DL duplexer, n8UL/DL duplexer, n5/n8 DL diversity duplexer: Study 1UL n5, 1UL n8 2UL CA_n5_n8 UL with power clamped on n8 including relaxations needed to account for the n5DL and n8UL filters loading in the overlap region 
· For non-concurrent n5DL n8UL support, we propose to use a two-antenna solution with n5UL/n5DL/n8DL triplexer on antenna 1 and a switched dual-duplexer with n5/n8 DL (n8UL not active) or n8UL/DL (n5DL not active): Study the non-concurrent n5DL/n8UL solution to support both n5 and n8 1UL including relaxations needed to account for the n5DL and n8UL filters loading in the overlap region.

Way Forward [1] also requested to provide input on potential requirement impacts for:
· CA_n5-n8 with n5 UL only: n8 Cross-band MSD, ΔTIB/ΔRIB, REFSENS impact due to the loading of the overlapping n8 UL and n5 DL, if applicable in the architecture  
· CA_n5-n8 with 2UL and non-concurrent n8 UL and n5DL: 
· n8 Cross-band MSD for 1UL and 2UL, NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB, ΔTIB/ΔRIB
· CA_n5-n8 with concurrent 2UL/2DL using dedicated RF filtering 
· Cross-band MSD for 1UL and 2U, NOTE: For 2UL there is no IMD, but still if 1UL Cross-band MSD is >0dB, then also respective 2UL cross-band MSD may be >0dB, ΔTIB/ΔRIB.

For the CA_n5-n8 with n5 UL support only:
· Since the distance between n5R and n8R is 114MHz and the maximum n5R UL bandwidth is 10MHz, we do not see a possibility for cross band MSD, this assumes that CA_n5-n8 is only introduced with clear frequency range restrictions.
· In our proposal, the n8UL filter is switched out and thus can be terminated properly while the loading impact can be handled by delta T/RIB only:
· Delta T/RIB for n5 is 0.2/0.4dB to account for triplexer performance and n5 DL loading
· Delta T/RIB for n8 is 0.3/0.2dB to account for triplexer performance and n8 UL switching.

For the CA_n5-n8 with n5 UL and clamped power n8 UL:
· Since the distance between n5R and n8R is 114MHz and the maximum n5R UL bandwidth is 10MHz we do not see a possibility for cross band MSD, this assumes that CA_n5-n8 is only introduced with clear frequency range restrictions.
· In our proposal with 3-antennas, the n8 UL at low power is concurrent with n5 DL, and thus loading will happen and potentially n5 DL MSD. Loading of n5DL can be handled by delta T/RIB only but n5 MSD with n8UL needs further studies, n8 UL loading is not an issue since the power will be reduced anyhow:
· Delta T/RIB for n5 is 0.0/0.2dB to account for triplexer performance and n5 DL loading

For CA_n5-n8 with 2UL and non-concurrent n8 UL and n5 DL:
· Since the distance between n5R UL and n8R DL is 114MHz and the maximum n5R UL bandwidth is 10MHz we do not see a possibility for cross band MSD, this assumes that CA_n5-n8 is only introduced with clear frequency range restrictions.
· For the 2UL case, given that there is no 2UL IMD issue in n8 and the above conclusion on n5 UL MSD in n8 and the fact that n5DL is not concurrent with n8 UL we do not see any 2UL MSD needed.
· With the proposed architecture there is no loading issue, only triplexer and switching needs to be accounted for:
· 0.2/0.3dB delta T/RIB for n5 to account triplexer performance and dual duplexer switching
· 0.2/0.2dB delta T/RIB for n8 to account triplexer performance dual duplexer switching.

The CA_n5-n8 with concurrent 2UL/2DL using dedicated RF filtering will be covered in the next chapter which focusses on this aspect.

Proposal on n8 MSD with n5 1UL: Since the distance between n5R UL and n8R DL is 114MHz and the maximum n5R UL bandwidth is 10MHz, no cross-band MSD needs to be specified if CA_n5-n8 is only introduced with clear frequency range restrictions and either:
· UL in n5 only
· UL in n8 and n5 for 1 and 2UL with n8 power restriction via PEmax,c. However, n5DL MSD with n8 UL needs to be further studied depending on maximum UL power level
· UL in n8 and n5 for 1/2UL with non-concurrent n5 DL and n8 UL.

Proposal on Delta T/RIB: all architectures need Delta T/RIB:
· UL in n5 only: 0.2/0.4dB for n5, 0.3/0.2dB for n8
· n5 UL and clamped power n8 UL: 0/0.2dB for n5 and 0/0dB for n8
· Non-concurrent n5DL and n8 UL: 0.2/0.3dB for n5 and 0.2/0.2dB for n8.
RF architecture with dedicated n8 UL filter with restricted bandwidth
The only “clean” way to seamlessly enable the CA_n5-n8 1UL and 2UL configuration is to implement a dedicated n8 UL filter for the restricted 11MHz range at the top of the band. This allows for higher rejection for the UL leakage for both the blocking in the top 14MHz of band n5 and also for the de-sense in the lower 11MHz of n5 used for the restricted band n5. Since this is an additional hardware on top of the band n5 and n8 RF front end and is very specific to one region and operators this can only be an optional capability for the UE and signaling or a new band definition may be needed.

In order to evaluate the amount of rejection needed for such filter to solve the blocking issue, we can reuse the leakage data from Table 1, and derive the amount of dedicated filter rejection needed to reach the in-band blocking levels, as provided in Table 2.
Table 2: n8R UL leakage level in band n5 with n8R UL dedicated filter
	n5 range
	n5-n5R
	entire
band

	Bandwidth (MHz)
	10MHz
	5MHz
	

	position
	top
	top
	-5MHz
	-9MHz
	

	PA noise (dBm/BW)
	-34.5
	-35.8
	-42.5
	-47.4
	-31.8

	
	
	-35.0
	-41.3
	

	blocking case
	#2 -44dBm
	#1 -56dBm
	#2 -44dBm

	antenna rejection (dB)
	10
	10
	10
	10
	10

	n8R filter rejection (dB)
	10
	12
	15
	17
	17

	n8R blocking level (dBm)
	-54.5
	-57.8
	-67.5
	-74.4
	-58.8

	
	
	-57.4
	-68.3
	



Observation:
· As shown above, moderate rejection is sufficient to achieve 10dB margin compared to the in-band blocking cases
· This level of rejection is achievable at a 10MHz offset from the n8R UL frequency range making a dedicated filter a viable solution even when the UE reaches the top of the PC3 power class range.

To further evaluate such a solution, one should also estimate the potential MSD in the n5 restricted range channels. For this we made PA leakage noise measurements in the DL channels with a 23dBm 25RB0 10MHz QPSK waveform (UL configuration for n8 REFSENS) for the two 5MHz and the 10 MHz channel fitting in the top 10MHz of the 11MHz n5R range. The estimated MSD is provided in Table 3 based ON MRC combining, 10dB antenna isolation and 30-35dB n8R UL filter rejection at 24MHz offset.
Table 3: estimated n5R MSD with n8R dedicated UL filter
	n5R channel
	Measured
PA noise (dBm)
	n8R UL filter rejection (dB)
	MSD
(dB)

	5MHz lower
	-55.0
	35
	3.9

	5M higher
	-49.1
	30
	12.3

	10MHz
	-50.8
	32
	6.6


 
Observation: Given that this n8R UL dedicated filter only targets CA_n5-n8, the rejection numbers are feasible and a >10dB MSD should be expected for the worst case 5MHz channel.

Since we have all the elements, we can also extrapolate the n5 MSD for the n8 full UL filter assuming a 6dB power reduction => 12 dB noise level reduction and 5dB rejection from the n8 UL filter in the highest band n5R channel. Values are presented in Table 4.
Table 4: estimated n5R MSD with n8 full filter and 
	n5R channel
	Measured
PA noise (dBm)
	n8 UL filter rejection (dB)
	MSD
(dB)

	5M higher
	-61
	5
	27



Observation: 
· With an n8 full filter and 6dB power reduction, the MSD is significant at 27dB.
· The n8UL power reduction needed for solving the blocking issue still results in significant MSD.

To complete the study of such an alternative, we will need to settle on a suitable architecture. The most efficient approach is for a two-antenna solution with:
· An n5UL/n5DL/n8DL triplexer on the main antenna that also supports another branch with the n8 full UL/DL duplexer
· An n5DL/n8RUL/n8DL triplexer on diversity side. In normal n8 operation the n8R UL should be properly terminated to avoid the loading of the full band 8 UL filter.
· This will result in Delta T/RIB of:
· 0.2/0.2dB for n5 to account for triplexer performance
· 0.4/0.2dB for n8 to account for triplexer performance and switch on n8R UL filter needed during normal n8 operation.

In addition to these architecture aspects, signaling is needed:
· From the base station to signal that the restricted range applies and depending on baseline n8 full UL filter solution:
· Signal only n5 UL is supported
· Signal a n8 PEmax,c avoiding the n5 UE receiver blocking
· Schedule n5 DL and n8 UL 
· From the UE to signal if it implements a dedicated filter, this is an optional capability.

Proposal on dedicated n8R UL filter architecture:
· A two-antenna dual triplexer n5UL/n5DL/n8DL and n5DL/n8RUL/n8DL architecture is used to derive the requirements. A separate full UL n8 duplexer is available on the main antenna side.
· Delta T/RIB is 0.2/0.2dB for n5 and 0.4/0.2dB for n8
· An optional signaling solution is designed for the BS and UE to enable both baseline full n8 duplexer UE operation and optional n8R restricted UL filter UE capability.
· The MSD test point and values in Table 5 are used in the study report
Table 5: n8R UL cross band MSD in n5 for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	[12.3]
	ACLR2


Conclusions
In this contribution, we have discussed the possible antenna and RF front-end architecture assumptions for CA_n5-n8 that solve the n5DL and n8UL overlap issues. We make the following proposals on the baseline options that use a full band n8 filter.

Proposal on full band n8 UL architecture: to manage the UL leakage issue we propose:
· The preferred option is to only support n5 UL and use a two-antenna solution baseline with a n5UL/n5DL/n8DL triplexer on antenna 1 and a n5DL/n8UL/n8DL triplexer with n8UL branch switched out on antenna 2
· For n5 and PEmax,c clamped power n8 UL support we propose to use a three-antenna solution with n5UL/DL duplexer, n8UL/DL duplexer, n5/n8 DL diversity duplexer: Study 1UL n5, 1UL n8 2UL CA_n5_n8 UL with power clamped on n8 including relaxations needed to account for the n5DL and n8UL filters loading in the overlap region 
· For non-concurrent n5DL n8UL support, we propose to use a two-antenna solution with n5UL/n5DL/n8DL triplexer on antenna 1 and a switched dual-duplexer with n5/n8 DL (n8UL not active) or n8UL/DL (n5DL not active): Study the non-concurrent n5DL/n8UL solution to support both n5 and n8 1UL including relaxations needed to account for the n5DL and n8UL filters loading in the overlap region.

Proposal on n8 MSD with n5 1UL: Since the distance between n5R UL and n8R DL is 114MHz and the maximum n5R UL bandwidth is 10MHz, no cross-band MSD needs to be specified if CA_n5-n8 is only introduced with clear frequency range restrictions and either:
· UL in n5 only
· UL in n8 and n5 for 1 and 2UL with n8 power restriction via PEmax,c. However, n5DL MSD with n8 UL needs to be further studied depending on maximum UL power level
· UL in n8 and n5 for 1/2UL with non-concurrent n5 DL and n8 UL.

Proposal on Delta T/RIB: all architectures need Delta T/RIB:
· UL in n5 only: 0.2/0.4dB for n5, 0.3/0.2dB for n8
· n5 UL and clamped power n8 UL: 0/0.2dB for n5 and 0/0dB for n8
· Non-concurrent n5DL and n8 UL: 0.2/0.3dB for n5 and 0.2/0.2dB for n8.

Observation: 
· With an n8 full filter and 6dB n8 UL power reduction, the MSD is significant at 27dB.
· The n8 UL power reduction needed for solving the blocking issue still results in significant MSD.

We also studied the 2UL solution using a dedicated n8R restricted range UL filter.

Proposal on dedicated n8R UL filter architecture:
· A two-antenna dual triplexer n5UL/n5DL/n8DL and n5DL/n8RUL/n8DL architecture is used to derive the requirements. A separate full UL n8 duplexer is available on the main antenna side.
· Delta T/RIB is 0.2/0.2dB for n5 and 0.4/0.2dB for n8
· An optional signaling solution is designed for the BS and UE to enable both baseline full n8 duplexer UE operation and optional n8R restricted UL filter UE capability.
· The MSD test point and values in Table 5 are used in the study report
Table 5: n8R UL cross band MSD in n5 for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	[12.3]
	ACLR2
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