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Introduction
[bookmark: _Hlk115189237]In RAN4#107, a way forward [1] captured several agreements on the RAN4 requirements for different implementation options of CA_n5-n8 based on multiple inputs including [4]. In the last few meetings, several solutions were discussed in terms of signalling and operation of these different UL capabilities. This resulted in an LS to RAN2 [2] in RAN4#106be for which an answer is available for this meeting [3]. In this contribution, we further detail our views on the three different implementations and how to distinguish them.
Discussion
In RAN4#107, WF [1] has captured agreements on the RF requirements for the different implementation options of CA_n5-n8:
· <WF1 on RF requirement for option 1 (UL in n5 only and full band support)>
· Applicable to UEs supporting CA_n5-n8 DL and n5 UL only
· Note: Option 1 is a fallback UL configuration for Option 2 and option 3 and thus the associated RF requirements are needed even if this option is down selected
· Based on the average of the two-antenna data provided, 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)
	

	n5
	n8
	844
	10
	15
	25 (RBstart=27)
	951.5
	5
	[2.8]
	>ACLR2


· <WF2 on RF requirement for option 2 (non-concurrent n8 UL and n5 DL and full band support >
· Applicable to UEs supporting n5 DL and CA_n5-n8 UL or CA_n5-n8 DL and n5 UL
· The following 2UL IMD3 MSD is specified pending RAN2 feasibility answer:
	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
	845
	5
	25 (RBstart=0)
	N/A
	N/A
	FDD
	N/A

	
	n8
	890
	5
	25 (RBstart=0)
	935
	25
	FDD
	IMD3


· <WF3 on 1UL n8R MSD into n5>
· Applicable to UEs supporting n5 DL and CA_n5-n8 UL or CA_n5-n8 DL and n5 UL
· The following 1UL n8R cross-band MSD is specified if this option is confirmed:
	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


· <WF4 on 2UL CA_n5-n8R IMD3 MSD into n8>
· Applicable to UEs supporting n5 DL and CA_n5-n8 UL or CA_n5-n8 DL and n5 UL
· The following 2UL IMD3 MSD is specified if this option is confirmed:
	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)
	891.5
	N/A
	FDD
	N/A

	 
	n8
	906.5
	5
	25 (RBstart=0)
	951.5
	[1.6]X
	FDD
	Near miss IMD3


The goal of this way forward was to capture all RF requirements agreements on the 3 implementations options that were studied. This way forward was also pending an input from RAN2 based on the questions raised on the different UL/DL operations in the LS [2] and for which RAN4 has received an answer in [3].
Separately, some initial options on required signalling to differentiate the cases was captured:
· <WF5 on signalling the different UL support options>
· If new approach will be introduced. The impact to the general CA/DC work should be considered. The potential new approach will not be used for any other CA by default
· If introduced, UE capability signalling will target to solve issues in DL/UL configuration for overlap or neighbour spectrums 
· The UL/DL UE support capability description should target RAN4 specification only

In this contribution, we discuss the three options in light of the RAN2 answer and further elaborate on the RF requirements and related signalling. It will also expand on the need for DeltaT/R for RF requirements based on way forward [5] agreed in RAN4#106be.
Further clarification on the UL/DL operation of the three options
Table 1 below provides a description of the three options and their mode of operation. 
Table 1: Description and operation of the different CA_n5-n8 options.
	[bookmark: _Hlk78840273]Option
	Description
	BC type
	DL/UL operation
	UE support
	Spectrum limitations

	1
	n5 UL only
	2DL/1UL
	CA_n5-n8 / n5
	Baseline and fall back of other options, may be supported by legacy UEs. Loading of n5 DL by n8 UL filter needs to be managed.
	None: n5 is operated as an SDL band

	2
	Non-concurrent n5 DL and n8 UL
	2DL/2UL
	CA_n5-n8 / n5 
or 
n8 / CA_n5-n8
	Does not require filter changes. Loading of n5 DL by n8 UL filter and vice-versa needs to be managed
	Potentially only for the overlapping n5 DL and n8 UL region but no additional HW.

	3
	Dedicated restricted BW n8 UL filter (n8R)
	2DL/2UL
	CA_n5-n8 / 
CA_n5-n8R
	Only dedicated UEs to two operators in China. Not for WW UE
	n8 UL is restricted to one operator in China



From the Table above it can be seen that all options have a value in enabling the support of CA_n5-n8 in an increasingly optimized way, but at the expense of increasing additional hardware on top of required band 5 and band 8 support. 

In the context of CA operation, the first option (one) is a restriction ti a 2DL/1UL combination where the Pcell is always band n5 and should not be an issue from RAN2 prospective. 

In our understanding, the RAN2 LS only covers the case where DL is n8 and UL CA_n5-n8, but the answer is ambiguous, since Option 2 supports two UL/DL operation and should be considered as a dual DL / dual UL case with tow operating modes:
· CA_n5-n8 DL / n5 UL (n5 is the Pcell) (equivalent to option 1)
· n8 DL / CA_n5-n8 UL (n8 is the Pcell)
In this case, DL and UL can operate in all bands, but only with scheduling restrictions to avoid any concurrent n5 DL with n8 UL. We are not sure if this poses any issue from an RRM and configuration prospective as long as both operating modes are scheduled appropriately. For the UL related question (Question 2) in RAN2 LS, we think that RAN4 should clarify that the two DL/UL configurations above can be scheduled and thus n5 DL can be scheduled for RRM measurements but without n8 UL.

Proposal on answer to RAN2 LS: RAN4 clarifies that two DL/UL operations are supported in the CA_n5-n8 2UL option with non-concurrent n5 DL and n8 UL:
· CA_n5-n8 DL / n5 UL (n5 is the Pcell)
· n8 DL / CA_n5-n8 UL (n8 is the Pcell)
Thus, all DL and UL bands can be scheduled for measurements provided that, in this 2DL/2UL band combination, n5 DL is not scheduled concurrently to n8 UL.

Option 3 can be considered as a usual two band DL with 2UL with only scheduling restrictions in terms of band 8 UL spectrum. In this case, other than the frequency restriction to be captured in RAN4 specification, only a mean for the UE to signal this specific support is needed and it should be decided if existing signalling can be used or if a dedicated signalling is needed.
Capturing the three options in RAN4 specification
As discussed above, all three options enable different levels of CA_n5-n8 support with an increasing level of complexity/overhead in the UE and should be captured in the RAN4 specification. To avoid mixing the RF requirement aspect with the signalling aspects, we focus on how the MSDs can be captured and applied depending on the UE UL configuration support.

Based on the agreed MSD test points in WF [1] there are two cross-band MSD test points and two IMD related test points.

For the cross-band MSD test points, since those are single UL, they can be both captured with appropriate notes as proposed below. The first test point is applicable to all UEs options in Table 1, while the second test point is only applicable to Option 3 with a dedicated UL filter covering band 8 restricted spectrum.

Proposal on cross band MSD test points for CA_n5-n8: The following MSD test points are captured in 38.101-1
	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
	2.8
	>ACLR2

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3 X
	>ACLR2

	NOTE X:	This MSD test point is applicable to UEs only supporting the 904 – 915MHz range in band n8 UL.



For the IMD related MSDs, these can only be tested for UEs supporting two UL with different architectures of Option 2 and Option 3 in Table 1. A direct hit IMD3 into n8 DL for the UE with non-concurrent n5 DL and n8 UL since there is no spectrum limitation, while the UE with restricted band n8 UL spectrum only result in a near miss IMD3 into n8 DL. Again, the two test points can be captured with the appropriate notes.

Proposal on IMD MSD test points for CA_n5-n8: The following MSD test points are captured in 38.101-1
	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
	845
	5
	25 (RBstart=0)
	N/A
	N/A
	FDD
	N/A

	
	n8
	890
	5
	25 (RBstart=0)
	935
	25X
	FDD
	IMD3

	
	n5
	846.5
	5
	25 (RBstart=0)
	891.5
	N/A
	FDD
	N/A

	
	n8
	906.5
	5
	25 (RBstart=0)
	951.5
	1.6Y
	FDD
	Near miss IMD3

	NOTE X:	This MSD test point is applicable to UEs only supporting non-concurrent n5 DL and n8 UL.
NOTE Y:	This MSD test point is applicable to UEs only supporting the 904 – 915MHz range in band n8 UL.



For the specification completeness, the Delta R and delta values agreed in [5] should also be captured.

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


How to distinguish the three options?
Based on the discussion in 2.1, we believe Option 1 and Option 2 are the most generic as they are not limited to a specific operator-based spectrum holding in China. Both options can also support CA_n5-n8. 

First, there is an easy way to sort Option 1 versus Option 2 and Option 3, since in Option 1 the UE only supports 1UL, while the other two options support two UL. It should be then clear that from the UL configuration reported by the UE that only 1UL in n5 only is supported for Option 1. In this case, there is no need for additional signalling and EU supporting only 1UL can be assumed by the network to support UL in n5 only.

For the Option 2 and Option 3 supporting 2UL another mean is needed to distinguish them. Since Option 2 is the more generic approach that does not require any spectrum restriction, it could be considered as the default operation when 2UL are supported. With this assumption, Option 3 can then be declared either:
· Using a separate band denomination for the n8 UL supported in 904-915MHz only
· Using a separate BCS for the restricted CBW of 5 and 10MHz in both bands as it should be noted that only option 3 dictates a CBW restricted to 10MHz while other options have no restriction on CBW and thus can potentially support all of the band n5 and n8 specified bandwidths.
· UE capability signalling where 1UL in n5 only is supported by default and UE may signal support for CA_n5-n8 2UL with n8 UL restricted to 904-915MHz.

Given the above options and observations, it seems that using BCS is straightforward as BCS0 is the more generic approach and can handle both Option1 and Option 2 as the UE can signal support for 1UL or 2UL separately and the related constraints are known and there is no spectrum restriction nor limitation of CBW to 10MHz. Then Option 3 uses BCS1 which can let the network know that it can support 2UL without concurrency restrictions, but with spectrum restriction.

Proposal on distinguishing implementation options via BCS:
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8AX
	n5
	5, 10, 15, 20
	0

	
	
	n8
	5, 10, 15, 20
	

	CA_n5A-n8A
	CA_n5A-n8AY
	n5
	5, 10
	1

	
	
	n8
	5, 10
	

	NOTE X: For UEs only supporting 1UL, n8 UL is not supported. For UEs supporting 2UL, n5 downlink cannot be scheduled concurrently to n8 uplink.
NOTE Y: For UEs supporting 2UL, the n8 UL spectrum is restricted to the 904 – 915MHz range.



Conclusions
In this contribution, we further discussed the different implementation options for the support of CA_n5-n8 and make the following proposals.

Proposal on answer to RAN2 LS: RAN4 clarifies that two DL/UL operations are supported in the CA_n5-n8 2UL option with non-concurrent n5 DL and n8 UL:
· CA_n5-n8 DL / n5 UL (n5 is the Pcell)
· n8 DL / CA_n5-n8 UL (n8 is the Pcell)
Thus, all DL and UL bands can be scheduled for measurements provided that, in this 2DL/2UL band combination, n5 DL is not scheduled concurrently to n8 UL.

Proposal on cross band MSD test points for CA_n5-n8: The following MSD test points are captured in 38.101-1
	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
	2.8
	>ACLR2

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3 X
	>ACLR2

	NOTE X:	This MSD test point is applicable to UEs only supporting the 904 – 915MHz range in band n8 UL.



Proposal on IMD MSD test points for CA_n5-n8: The following MSD test points are captured in 38.101-1
	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
	845
	5
	25 (RBstart=0)
	N/A
	N/A
	FDD
	N/A

	
	n8
	890
	5
	25 (RBstart=0)
	935
	25X
	FDD
	IMD3

	
	n5
	846.5
	5
	25 (RBstart=0)
	891.5
	N/A
	FDD
	N/A

	
	n8
	906.5
	5
	25 (RBstart=0)
	951.5
	1.6Y
	FDD
	Near miss IMD3

	NOTE X:	This MSD test point is applicable to UEs only supporting non-concurrent n5 DL and n8 UL.
NOTE Y:	This MSD test point is applicable to UEs only supporting the 904 – 915MHz range in band n8 UL.



Proposal on distinguishing implementation options via BCS:
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8AX
	n5
	5, 10, 15, 20
	0

	
	
	n8
	5, 10, 15, 20
	

	CA_n5A-n8A
	CA_n5A-n8AY
	n5
	5, 10
	1

	
	
	n8
	5, 10
	

	NOTE X: For UEs only supporting 1UL, n8 UL is not supported. For UEs supporting 2UL, n5 downlink cannot be scheduled concurrently to n8 uplink.
NOTE Y: For UEs supporting 2UL, the n8 UL spectrum is restricted to the 904 – 915MHz range.



For the specification completeness, the Delta R and delta values agreed in [5] should also be captured.

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
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