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Introduction
[bookmark: _Hlk115189237]In RAN#99, the 7008009000 LBLBLB SI was completed and continued as a WI in order to capture the associated requirement in 38.101-1. In this contribution we provide our requirement proposals for CA_n5-n8 based on our analysis in the SI phase.
Discussion
 WI objectives
In Last RAN#99 a new Work Item was approved in [1] as the continuation of the completed SI on LBLB and LBLBLB band combinations with the following objectives:
Specify the following requirements based on down-selection of options of the outcome of SI
· Define Tib/Rib for the band combinations.
· Define REFRENS degradation for some specific band combinations if it’s needed.
· Define other necessary requirements for some specific band combinations if they are identified to be needed.
For CA_n5-n8, study the feasibility of non-simultaneous n5 DL + n8 UL with the existing specifications [RAN2]
· Note: RAN2 work will be triggered by LS from RAN4
An overview table of the CA combinations studied in this WI is provided here:
Table 1: Band combinations studied in this WI
	Configuration
	Uplink configuration
	Supported operators

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom



The channel bandwidths per operating band for each band combination are listed in the following table.
Table 2: Channel bandwidths per operating band for each band combination
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8A
	n5
	5, 10
	0

	
	
	n8
	5, 10
	



In this contribution, we provide our input on the necessary requirements to be captured in the 38.101-1 specification based upon our evaluations performed during the related SI [3] and accounting for the agreed TPs in RAN4#106 [4] that were captured in the TR [2].
Requirements for CA_n5-n8 1UL
Baseline and optional architecture 
The baseline architecture should accommodate the support of the full band 5 and band 8 and thus needs solutions for the n5DL and n8UL overlap. In [2], both DL_n8_UL_n5-n8 and DL_n5-n8_UL_n5 are suggested and additionally in [1], RAN2 support is requested to enable non-simultaneous n5 DL + n8 UL.

In [4], the example solutions suggest using a consolidated n5DL+n8UL filter consolidated in a triplexer with n5UL and n8DL or in a duplexer with n8DL. In our view, this requires a dedicated filter approach that may not be reusable for the standalone bands, especially if band n5 is supported with a band n26 duplexer.

In the case of n5DL+n8UL the band width is 46MHz which is already very challenging with a 10MHz gap on the n8UL side and 20MHz gap on the n5UL side. This becomes even more challenging if band n26 is used with 56MHz BW and 10MHz gap on both sides.

For all the above reasons, we believe that for a two-antenna solution, the more straightforward path would be to use the following architecture:
· UL/DL antenna 1: n5UL+n5DL+n8DL triplexer
· UL/DL antenna 2: dual duplexer with n8UL+n8DL (n5DL inactive) or n5DL+n8DL (n8UL inactive)
· The three-antenna approach may save one filter but at the expense of a third antenna but does not change the fundamental issue that the n8UL filter will be loaded by the n5DL filter via the antenna coupling like for the two-antenna case. 
· The delta T and delta R must account for this. This also enable the support of band n5 with band n26 as already implemented nowadays.

Optionally, using a dedicated filter implementing only the restricted n8 UL bandwidth is supported by the specification to enable 2UL configuration. In our view, only n8UL frequency restriction is to be supported to limit the number of dedicated filters to only one while still supporting the normal frequency ranges. For the two-antenna solution this results in the following architecture:
· UL/DL antenna 1: n5UL+n5DL+n8DL triplexer
· UL/DL antenna 2: n8 restricted range triplexer + n8 duplexer with n5DL+n8RUL+n8DL triplexer or n8UL+n8DL duplexer
· The three-antenna approach does not bring any benefit in terms of MSD or filters and since the total BW is relatively small and at the top of the LB the antenna tuning issues are reasonable for two-antenna.
· Delta T and Delta R should accommodate both architecture.
Band combinations definitions
In order to accommodate both architectures and requirements, the simplest approach is to use separate BCS that have specific notes to clarify the concurrent n8UL and n5DL operation and the band 8 UL frequency range restriction. Based on the different BCS, different MSD are applicable, but the delta T and delta R should accommodate all cases.
The use of different BCS will also help clarify higher order band combinations in the future.
Proposal on band combination set definitions for CA_n5-n8: The two BCS in the table below are specified to enable the two architecture options with the additions of the proposed notes:
· The band combination definition is valid without any frequency range restriction for BCS0
· For BSC1 only band n8 UL frequency range is restricted.
Table 1: BCS table for CA_n5-n8
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8AX
	n5
	5, 10
	0

	
	
	n8
	5, 10
	

	CA_n5A-n8A
	CA_n5A-n8AY
	n5
	5, 10
	1

	
	
	n8
	5, 10
	

	NOTE X: In BCS0, the concurrent operation of band n5 DL and band n8 UL is not supported
NOTE Y: In BCS1 the band n8 support is restricted to the 904-915MHz frequency range in UL


Delta T and Delta R
Delta T and Delta R values should accommodate both BCS0 and BC1 from Table 1 implemented with the two-antenna architecture, given the loading issues between n5DL and n8UL Delta R n5 and Delta T n8 should be increased while Delta T n5 and delta R n8 should be less affected. Still the values should also allow band n5 implementation with band n26 filter as already supported today. For these reasons we are proposing a compromise between the three contributions provided during the study phase and captured in [4].
Proposal on CA_n5-n8 delta T and Delta R values: the values in the Table below are used for the requirement in 38.101-1 Table 6.2A.4.2.3-1 and 7.3A.3.2.1-1 respectively:
[bookmark: _Hlk131796321]Table 2: CA_n5-n8 ΔTIB,c and ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0.4
	0.5

	
	n8
	0.5
	0.4


Single UL REFSENS exceptions due to cross-band interference for n8R
For BCS0 in Table 1, there is no cross-band MSD due to n8UL into n5DL since they do not operate simultaneously. However, for BCS1 in Table 1, the MSD proposed in [3] applies for n8UL into n5DL when using a filter supporting only the restricted n8UL range.
In the study phase, we focussed on the critical MSD issues, but we should not ignore potential MSD in band n8DL due to the band n5UL transmitter noise floor, especially with a band n26 duplexer (IMDs of UL allocation and its image are not an issue with 10MHz UL BW and a 76MHz gap between n5 UL and n8DL). A comparable case cannot be found in LB but in MB similar FDD-FDD cases result in MSD from 0.6 to 3dB.
Proposal on CA_n5-n8 1UL REFSENS exceptions: The following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1:
· The n5 MSD is based on our evaluation during the study phase and only applies to a n5 DL channel in the restricted frequency range.
· The n8 MSD should be further evaluated, note that the DL channel is chosen to be applicable to the restricted n8 frequency range, but given the large frequency offset, the noise can be considered flat and thus the MSD applicable to the entire DL band. The band n5 UL is set at the top of n5.
Table 3: 1UL cross band MSDs 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
	12.3X
	ACLR2

	n5
	n8
	844
	10
	
	25 (RBstart=27)
	951.5
	5
	TBD
	>ACLR2

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS0


Two UL case
In the TR [2] and during the study, 2UL IMDs were ignored because using the restricted spectrum for n5 and n8 there are no 2UL IMD issues. However, in the definition of the band combination BCS there is only a frequency range restriction for the n8UL in BCS1. For BCS0, there is still a two UL case with n8DL only and no frequency range restrictions should apply.
If we look at BCS0, since there is no concurrent n5Dl and n8UL, there is no reason to apply any frequency restrictions in the IMD calculations of CA_n5-n8 UL with n8 DL only: In this case there is a 2UL IMD3 product falling in band n8 DL which for comparable cases, results in 25dB MSD.
For BCS1: since the UL is at the bottom of the top 10MHz of band n8, with the 5MHz UL channel at the top of the band n5, the IMD3 spectrum falls just above the band n8 DL and thus there is no MSD.
Proposal on CA_n5-n8 2UL REFSENS exceptions: The following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1: MSD may be further refined with measurements.
Table 4: REFSENS exceptions due to IMD interference for CA_n5-n8
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n5-n8
	n5
	846.5
	5
	25
	N/A
	N/A
	FDD
	N/A

	 
	n8
	892.5
	5
	25
	937.5
	[25]X
	FDD
	IMD3

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS1


Conclusions
In this contribution, we make our final proposal on requirements for the proposed LBLB and LBLBLB combinations and make the following proposal for CA_n5-n8.

Proposal on band combination set definitions for CA_n5-n8: The two BCS in the table below are specified to enable the two architecture options with the additions of the proposed notes:
· The band combination definition is valid without any frequency range restriction for BCS0
· For BSC1 only band n8 UL frequency range is restricted.
Table 1: BCS table for CA_n5-n8
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8AX
	n5
	5, 10
	0

	
	
	n8
	5, 10
	

	CA_n5A-n8A
	CA_n5A-n8AY
	n5
	5, 10
	1

	
	
	n8
	5, 10
	

	NOTE X: In BCS0, the concurrent operation of band n5 DL and band n8 UL is not supported
NOTE Y: In BCS1 the band n8 support is restricted to the 904-915MHz frequency range in UL



Proposal on CA_n5-n8 delta T and Delta R values: the values in the Table below are used for the requirement in 38.101-1 Table 6.2A.4.2.3-1 and 7.3A.3.2.1-1 respectively:
Table 2: CA_n5-n8 ΔTIB,c and ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0.4
	0.5

	
	n8
	0.5
	0.4



Proposal on CA_n5-n8 1UL REFSENS exceptions: The following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1:
· The n5 MSD is based on our evaluation during the study phase and only applies to a n5 DL channel in the restricted frequency range.
· The n8 MSD should be further evaluated, note that the DL channel is chosen to be applicable to the restricted n8 frequency range, but given the large frequency offset, the noise can be considered flat and thus the MSD applicable to the entire DL band. The band n5 UL is set at the top of n5.
Table 3: 1UL cross band MSDs 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
	12.3X
	ACLR2

	n5
	n8
	844
	10
	
	25 (RBstart=27)
	951.5
	5
	TBD
	>ACLR2

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS0


Proposal on CA_n5-n8 2UL REFSENS exceptions: The following MSD Table is used for the 38.101-1 requirement in Table 7.3A.6-1: MSD may be further refined with measurements.
Table 4: REFSENS exceptions due to IMD interference for CA_n5-n8
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n5-n8
	n5
	846.5
	5
	25
	N/A
	N/A
	FDD
	N/A

	 
	n8
	892.5
	5
	25
	937.5
	[25]X
	FDD
	IMD3

	NOTE X: This MSD is not applicable for UE supporting CA_n5-n8 BCS1
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