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Introduction
Analysis and proposals on CA_n5-n8 are provided in this contribution.
Discussion
The objectives of WI
The objectives of WI [1] are as follows:
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

	CA_n5-n28
	CA_n5-n28
	Spark NZ

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Vodafone, Telecom Italia, Orange, Deutsche Telekom, Telia Company



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
	

	CA_n5A-n28A
	CA_n5A-n28A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 30
	

	CA_n8A-n20A-n28A
	CA_n8A-n20A
CA_n8A-n28A
CA_n20A-n28A
	n8
	5, 10, 15, 20
	0

	
	
	n20
	[bookmark: OLE_LINK5]5, 10, 15, 20
	

	
	
	n28
	5, 10, 15, 20
	



WF from RAN4#106bis-e
Background
With the direct overlapping of n8UL and n5DL the only possibility to support such combination relies on restricted spectrum in n5 and n8 as shown in Figure 1 that correspond to the spectrum available in China.
[image: ]
Figure 1: requested spectrum support in China
In the rest of the document the restricted spectrum ranges are denoted as follows:
· 824-835MHz: n5R UL
· 869-880MHz: n5R DL


· 904-915MHz: n8R UL
· 949-960MHz: n8R DL
There are 3 options on the table described in the following table
	option
	UL configuration
	DL/UL Modes of operation
	Spectrum restrictions
	issues

	1
	1UL n5 only
	CA_n5-n8/n5
	no
	Multiplexing and Loading of n5DL filter by n8 UL filter

	2
	2UL non simultaneous n5Rx/n8Tx 
	CA_n5-n8/n5 (option 1)
n5/CA_n5-n8 (new 1DL/2UL case) => LS to RAN2
	no
	Multiplexing and Loading of n5DL filter by n8 UL filter

	3
	2UL CA_n5-n8R
	CA_n5-n8/n5 (option 1)
CA_n5-n8/n8R
CA_n5-n8/CA_n5-n8R
	At least n8R UL
	Only supports n8R UL on top of full n8 single band support with at least one dedicated filter


 
Observations: 
· Option 1 CA_n5-n8/n5 is a subset of option 2 and 3 and does no require any new feature/mode of operation
· Option 2 requires input from RAN2 on new 1DL/2UL case but can support the entire n5 and n8 bands
· Option 3 needs to manage the restricted frequency range at least on n8R UL. To enable operation, it only requires a dedicated filter for n8R UL: n5 UL/DL and n8 DL can be supported entirely

As shown with above observation, option 1 is a low hanging fruit that doe does not require any new feature or dedicated filter and is anyhow a subset of option 1 and 2 modes of operation and thus is a fallback of both. Also the related requirement MSD requirement il anyhow needed for the other two options

For frequency range restrictions on option 3 to maximize the usability other than in China and minimize the RFFE impact in terms of cost and size, it is not useful to restrict the n5 range or n8 DL range. Also minimizing the frequency range restriction justifies that no new bands are introduced

In terms of specification, it is possible to manage those 3 options with different BCS as a starting point for a signaling option with BCS. For option two this is pending RAN2 input on the 1DL/2UL mode of operation:
· BCS0: CA_n5-n8 1UL with a note saying that only n5UL is supported
· BCS1: CA_n5-n8 2UL CA_n5-n8 with a note saying that only non simultaneous n5Rx/n8Tx is supported
· BCS2: CA_n5-n8 2UL CA_n5-n8 with a note saying that only 904-915MHz n8 UL range is supported
· In this case BCS0 is the baseline and BCS1 and 2 optional (note that BCS support is anyhow optional)
Band combinations to be specified

Tentative agreement from GTW: FFS the down selection. The RF requirements for the 3 options can be discussed before the decision is made.
Way forward/Agreement on band combinations to be specified
· In single band operation, the entire band n5 and n8 frequency ranges must be supported
· In CA_n5-n8 operation the following options are discussed for sepcification:
· pending RAN2 input on option 2: 
· CA_n5-n8 1UL n5, the entire band n5 and n8 frequency ranges must be supported. This configuration is needed as fallback of the next two 2UL cases.
· CA_n5-n8 2UL non-simultaneous n5Rx/n8Tx as optional, the entire band n5 and n8 frequency ranges must be supported
· CA_n5-n8 2UL CA_n5-n8R as optional, the entire band n5 and n8 frequency ranges must be supported except for n8ULthat is restricted to 904-915MHz
· Further down selection is discussed at next meeting

Signaling of support for different Band combinations options

Way forward/Agreement on capturing band combinations to be specified and potential signaling needs: following options are discussed as potential signaling solutions:
· Option 1: use different BCS with notes clarifying the UL restrictions based on agreed cases to be specified
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Bandwidth combination set

	CA_n5A-n8A
	n5X
	n5
	0

	
	
	n8
	

	
	CA_n5A-n8AY
	n5
	1

	
	
	n8
	

	
	CA_n5A-n8AZ
	n5
	2

	
	
	n8
	

	NOTE X: In BCS0, n8 UL is not supported
NOTE Y: In BCS1, the concurrent operation of band n5 DL and band n8 UL is not supported
NOTE Z: In BCS2 the band n8 support is restricted to the 904-915MHz frequency range in UL


· Channel bandwidth support per UL configuration case is FFS (some case can be above 10MHz CBW)
· Option 2: Optional capability is needed for option 2: CA_n5-n8 2UL non-simultaneous n5Rx/n8Tx
· Option 3: Frequency restriction or New frequency band (for n8) is needed for option 3: CA_n5-n8 2UL with n8 restricted to 904-915MHz
· Option 4: Other are not precluded
· Options are not necessarily exclusive

Non-simultaneous n5Rx/n8Tx band combinations type

In this case there is two possible DL/UL operating modes
· CA_n5-n8 DL/n5 UL
· n8 DL/CA_n5-n8 UL
It is clear that both 2DL and 2UL are supported but just not simultaneously thus it seems natural that this is still a 2DL/2UL case.

Tentative agreement from GTW: The issue can be discussed after the reply LS from other group is received.

Way forward/Agreement: The issue can be discussed after the reply LS from other group is received.

CA_n5-n8 UE RF requirements
Tentative agreement from GTW: FFS the down selection. The RF requirements for the 3 options can be discussed before the decision is made.
Delta T and Delta R
Delta T and Delta R should be specified in such a way that it covers all implementation options and cover filter loading effects and account for filter loading effect or switching in/out some filters and additional filters for

Way forward/Agreement
· Delta T and Delta R should be specified in such a way that it covers all implementation options 
· Delta T and Delta R values are specified as follows to cover all implementations for Options 1/2/3:
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n8A
	n5
	0.5
	0.4

	
	n8
	0.5
	0.4



1UL MSD Requirements for n5 UL case and other option fallback

Regardless of 1L with n5 only being specified as a separate band combination this is needed as fallback of option 2 and 3.

For all options there is no need for frequency restriction on n5 otherwise a new band could be requested to support this. In this case the n5 UL can be at the top of band n5 and n8 DL at the bottom of n8. In all the cases, there is no need to develop new n5 duplexer and legacy n5 duplexers are suitable and should be supported. Furthermore, n5 could be implemented with an n26 filter as it is the case in many UEs.

Way forward/Agreement
-	Following cross-band MSD test point is evaluated for future meetings based on existing band n5/n26 duplexer band n8 rejection performance and n5 transmitter noise floor and specified if justified
	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)
	

	n5
	n8
	844
	10
	15
	25 (RBstart=27)
	951.5
	5
	TBD
	>ACLR2



1UL MSD Requirements for dedicated n8R UL filter case

<Way forward>
-	The following 1UL cross band MSD is specified
	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


· A note is added to clarify applicability to the case where n8 UL only supports 904-915MHz frequency range

2UL MSD Requirements for non-simultaneous n5Rx/n8Tx case

In the case where the is no frequency restriction in n5 and n8 frequency range, a direct hit IMD3 is possible with similar cases at [25]dB.
<Way forward>:
-	The Following IMD3 MSD test point is evaluated for future meetings and specified if justified
	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 (RBstart=0)
	N/A
	N/A
	FDD
	N/A

	 
	n8
	892.5
	5
	25 (RBstart=0)
	937.5
	[TBD]
	FDD
	IMD3


· A note is added to clarify applicability to the case where simultaneous n5Rx/n8Tx is not supported

2UL MSD Requirements for dedicated n8R UL filter case

In the case where the is frequency restriction on n8 UL frequency range, the IMD3 of n5UL at the top of n5 and n8UL at the bottom of n8R UL falls just above n8 DL.
<Way forward>:
-	The Following near miss IMD3 MSD test point is evaluated for future meetings and specified if justified
	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
	891.5
	N/A
	FDD
	N/A

	 
	n8
	906.5
	5
	25
	951.5
	TBD
	FDD
	Near miss IMD3


A note is added to clarify applicability to the case where n8 UL only supports 904-915MHz frequency range

Discussion
Band combinations to be specified:

It is difficult to have a meaningful discussion on further down selection, as RAN4 has not receiver and LS band from RAN2.
Obviously, Option 1 will be implicitly specified if either of option 2 or option 3 are specified. This is because when Option2 or option 3 is supported without UL CA, then basically DL CA with n5 UL is supported mode of operation.
We are still quite reluctant to specify option 2 because of the complexity and throughput limitations. We note that Option2 is actually Option1 if UL CA is not supported.
Option 3 would be the fully fledged 2UL/2DL CA option, however even in that option we discovered the issue with the current Band 5/26 RX filter attenuation at 904..914 as explained later in this contribution.
Proposal 1: Wait RAN2 reply LS before doing more down selection on the options
Signaling of support for different Band combinations options:
This aspect is also a bit premature because RAN2 reply and consequent agreements in RAN4 may have an impact to what needs to be signaled. 
Our view is that Option 1 would be entirely new way to use BCS, different from it’s original meaning “Bandwidth Combination Set”. Our concern is that this would be yet another mechanism for specifying different flavors into band combinations. Furthermore, this is not very future proof, i.e. new BCS’es would be needed if frequency restrictions change as in some other country the frequencies are different. We should explore ways to use Notes without having multiple BCS’es.
Option 2 is premature to discuss as it directly relates to RAN2 LS.
Option 3 seems to be quite reasonable, however we suggest that in this meeting company views are collected and then decisions are made in August, assuming we get RAN2 Reply by then.
Proposal 2: Instead of using different BCS’es RAN4 should try explore ways to use notes with just a single BCS
Proposal 3: Option 3 (Frequency restriction or New frequency band (for n8) is needed for option 3: CA_n5-n8 2UL with n8 restricted to 904-915MHz) should be adopted in case RAN4 decides to specify requirements for Band combination option 3
Proposal 4: Collect company views on signaling in this meeting and make decisions in August assuming RAN2 LS is received by then
n8 MSD:
The n8 Cross-band MSD analysis was done according to the WF agreement to use existing n5/n26 duplexer band n8 rejection. The MSD number is actually quite far from zero dB because of finite TX path rejection at n8 RX frequency.
[image: ]
Proposal 5: Use the following n8 MSD in evaluations with other companies
	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)
	

	n5
	n8
	844
	10
	15
	25 (RBstart=27)
	951.5
	5
	6.6
	>ACLR2



n5 MSD:
This is a challenge, not because of RX band noise/restricted n8 filter point of view, but from TX IP2 point of view. Band 5 is one of the most used bands with extremely vast ecosystem around it from high end to low end. Band 5 is in general not designed to be aggregated with band 8 because of e.g frequency overlap. Consequently, the band 5 RX filter (in DPX or in DRX) attenuation especially at lower end of 904..919MHz is usually way below what would be needed for [12.3]dB MSD. For instance the attenuation could be 10….20dB for both PRX/DRX at 904MHz, resulting in MSD way above [12.3]dB,

It can be argued that band 5/26 components can be optimised for this CA, however optimization of a legacy band component is not an easy task without jeopardizing the other characteristics it is already optimised for.

We encourage companies to evaluate band 5 RX attenuation at 904..914 before concluding the MSD. 

Proposal 6: Companies are encouraged to evaluate band 5/26 RX attenuation for both PRX and DRX at 904..914MHz before concluding the cross-band n5 MSD

2UL MSD Requirements for non-simultaneous n5Rx/n8Tx case:

Due to short meeting cycle, there was no time to analyse this

2UL MSD Requirements for dedicated n8R UL filter case:
Due to short meeting cycle, there was no time to analyse this



Conclusions
Further considerations on CA_n5A-n8A were provided with the following proposals:
Proposal 1: Wait RAN2 reply LS before doing more down selection on the options
Proposal 2: Instead of using different BCS’es RAN4 should try to explore ways to use notes with just a single BCS
Proposal 3: Option 3 (Frequency restriction or New frequency band (for n8) is needed for option 3: CA_n5-n8 2UL with n8 restricted to 904-915MHz) should be adopted in case RAN4 decides to specify requirements for Band combination option 3
Proposal 4: Collect company views on signaling in this meeting and make decisions in August assuming RAN2 LS is received by then
Proposal 5: Use the following n8 MSD in evaluations with other companies
	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)
	

	n5
	n8
	844
	10
	15
	25 (RBstart=27)
	951.5
	5
	6.6
	>ACLR2



Proposal 6: Companies are encouraged to evaluate band 5/26 RX attenuation for both PRX and DRX at 904..914MHz before concluding the cross-band n5 MSD
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Configuration  Uplink  configuration  Supported operators  

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

CA_n5 - n28  CA_n5 - n28  Spark NZ  

CA_n8 - n20 - n28  CA_n8 - n20, CA_n8 - n28, CA_n20 - n28  Vodafone, Telecom Italia, Orange, Deutsche  Telekom ,   Telia Company  

  The channel  bandwidths per operating band for each band combination are listed in the following table.   Table 2:   C hannel 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  
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n8  5, 10  

CA_n5A - n28A  CA_n5A - n28A  n5  5, 10, 15, 20  0  

n28  5, 10, 15, 20, 30  

CA_n8A - n20A - n28A  CA_n8A - n20A   CA_n8A - n28A   CA_n20A - n28A  n8  5, 10, 15, 20  0  
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