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1. Introduction

It was agreed in the RAN4 #85 meeting that the requirements of ACS and IBB for intra-band non-contiguous carrier aggregation with more than two component carriers or aggregated bandwidth larger than 400 MHz are FFS. In the last meeting RAN4#AH1810 the Way Forward [1] was agreed to further study the relaxation of ACS and IBB for FR2. In this contribution we discuss both requirements for n257, n258 and n260 bands without the limitation of 2 CCs and 400 MHz aggregated bandwidth.
2. Discussion
The WF [1] proposed to have a relaxation of the ACS and IBB requirement for intra-band non-contiguous CA considering a possible relaxation between 0 and 8 dB for the ACS requirement and between 6.5 and 14.5 dB for IBB regarding single carrier. The study of the relaxation considers the assumption of having both requirement at the same level for intra-band non-contiguous CA. Based on the WF in this contribution we discuss the ACS and IBB for minimum requirement for intra-band non-contiguous CA. 
2.1 Background

· Agreements from RAN4 #85:
In-Band Blocking requirements for intra-band non-contiguous CA for FR2 [2]
For intra-band non-contiguous carrier aggregation with two component carriers and aggregated bandwidth BWChannel_CA up to 400MHz, the requirement applies to out-of-gap and in-gap. For out-of-gap, the UE shall meet the requirements for each component carrier with parameters as specified in 7.6.1.1A-2. The requirement associated to the maximum channel between across the component carriers is selected. For in-gap, the requirement shall apply if the following minimum gap condition is met: [image: image2.png]Afizs



 ≥ 0.5(BW1 + BW2) + 3 max(BW1, BW2), where [image: image4.png]Afizs



 is the frequency separation between the center frequencies of the component carriers and BWk/2 are the channel bandwidths of carrier k, k = 1,2.

If the minimum gap condition is met, the UE shall meet the requirement specified in Table 7.6.1.1A-2 considering parameters associated to the largest channel bandwidth between the two component carriers, i.e. max(BW1, BW2). 
For both out-of-gap and in-gap, the requirements shall apply while all downlink carriers are active.

For intra-band non-contiguous carrier aggregation with more than two component carriers or aggregated bandwidth BWChannel_CA larger than 400MHz the requirement is FFS.
Table 7.6.1.1A-2: In band blocking minimum requirements for intra-band non-contiguous CA 
	Rx parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14dB



	BWInterferer
	MHz
	50
	100
	200
	400

	PInterferer
for bands n257, n258
	dBm
	REFSENS + [35.5]
	REFSENS + [35.5]
	REFSENS + [35.5]
	REFSENS + [35.5]

	PInterferer
for bands n260
	dBm
	REFSENS + [34.5]
	REFSENS + [34.5]
	REFSENS + [34.5]
	REFSENS + [34.5]

	FIoffset
	MHz
	100 / -100

NOTE 4


	200 / -200

NOTE 4


	400 / -400

NOTE 4


	800 / -800

NOTE 4



	FInterferer
	MHz
	FDL_low – 75

to 
FDL_low + 75


	FDL_low – 150

to 
FDL_low + 150


	FDL_low – 300

to 
FDL_low + 300


	FDL_low – 600

to 
FDL_low + 600



	NOTE 1:
The interferer consists of the Reference measurement channel specified in Annex A.X.X with one sided dynamic OCNG Pattern as described in Annex A.X.X.X and set-up according to Annex C.X.X.

NOTE 2:
The REFSENS power level is specified in Table 7.X.X.X.

NOTE 3:
The wanted signal consists of the reference measurement channel specified in Annex A.X.X (QPSK, R=X/X) with one sided dynamic OCNG pattern as described in Annex A.X.X.X and set-up according to Annex C.X.X

NOTE 4:
The absolute value of the interferer offset FInterferer (offset) shall be further adjusted  to [image: image6.png]([ Finserfererl /SCS] + 0.5)5CS



 MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.


Adjacent Channel Selectivity requirements for CA for FR2 [2]

For intra-band non-contiguous carrier aggregation with two component carriers and aggregated bandwidth BWChannel_CA up to 400MHz, two different requirements apply for out-of-gap and in-gap. For out-of-gap, the UE shall meet the requirements for each component carrier as specified in subclauses 7.5.1. For in-gap, the requirement shall apply if the following minimum gap condition is met: [image: image8.png]Afice



 ≥ BW1/2 + BW2/2 + max(BW1, BW2), where [image: image10.png]Afice



 is the frequency separation between the center frequencies of the component carriers and BWk/2 are the channel bandwidths of carrier k, k = 1,2. If the minimum gap condition is met, for each component carriers the UE shall meet the in-gap requirements specified in in subclauses 7.5.1 considering parameters associated to the largest channel bandwidth between the two component carriers, i.e. max(BW1, BW2). For both out-of-gap and in-gap, the requirements shall apply while all downlink carriers are active.
For intra-band non-contiguous carrier aggregation with more than two component carriers or aggregated bandwidth BWChannel_CA larger than 400MHz the requirement is FFS.
Table 7.5.1-A-1: Adjacent channel selectivity for CA

	 
	 
	CA Bandwidth Class

	Rx Parameter
	Units
	Any CA bandwidth Classes

	
	
	

	ACS for band n257, n258
	dB
	23

	ACS for band n260
	dB
	22


Table 7.5.1A-2: Adjacent channel selectivity test parameters for CA, Case 1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	All CA bandwidth Classes

	Pw in Transmission Bandwidth Configuration, per CC
	 
	REFSENS + 14 dB

	Pinterferer for band n257, n258
	dBm
	Aggregated power + 21.5

	Pinterferer for band n260
	dBm
	Aggregated power + 20.5 

	BWInterferer 
	MHz
	BWChannel_CA

	FInterferer (offset)
	MHz
	BWChannel_CA
NOTE 3



	
	
	

	
	
	

	NOTE 1:
The interferer consists of the Reference measurement channel specified in Annex        X.X with one sided dynamic OCNG Pattern as described in Annex A.X.X.X and set-up according to Annex C.X.X.

NOTE 2:
The Finterferer (offset) is the frequency separation between the center of the aggregated CA bandwidth and the center frequency of the Interferer signal

NOTE 3:
The absolute value of the interferer offset FInterferer (offset) shall be further adjusted  to [image: image12.png]([ Finserfererl /SCS] + 0.5)5CS



 MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.


Table 7.5.1A-3: Adjacent channel selectivity test parameters for CA, Case 2

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	All CA bandwidth Classes

	Pw in Transmission Bandwidth Configuration, aggregated power for band n257, n258
	dBm
	-46.5

	Pw in Transmission Bandwidth Configuration, aggregated power for band n260
	dBm
	-45.5

	Pinterferer for band n260
	dBm
	-25 

	BWInterferer 
	MHz
	BWChannel_CA

	FInterferer (offset)
	MHz
	BWChannel_CA

NOTE 3

	
	
	

	
	
	

	NOTE 1:
The interferer consists of the Reference measurement channel specified in Annex     X.X with one sided dynamic OCNG Pattern as described in Annex A.X.X.X and set-up according to Annex C.X.X.

NOTE 2:
The Finterferer (offset) is the frequency separation between the center of the aggregated CA bandwidth and the center frequency of the Interferer signal

NOTE 3:
The absolute value of the interferer offset FInterferer (offset) shall be further adjusted  to [image: image14.png]([ Finserfererl /SCS] + 0.5)5CS



 MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.


2.2 ACS intra-band CA and IBB intra-band non-contiguous CA requirements
The implementation of the UE can have either a separation of the carriers using parallel RF/analog physical chain or it can be implemented with a single RF/analog chain with digital carrier separation. The separation of RF/analog path for each sub-block is feasible for a small number of sub-block, however in case of a large number of sub-block the design has a high power consumption and the implementation becomes more complex with more area requirement compared to a single wide-band RF/analog path. The implementation with one single RF/analog chain separates the carrier in the digital domain after the ADC as shown below.

[image: image15.emf]Down-

converter

LNA

BB 

Filter

ADC

DFE 

Path0

DFE 

PathN

CC 

Split


Figure 1: NC CA with Digital split [3]
As it can be seen in Figure 1, the NC CA Digital Split lacks of the channel filter in the implementation solution prior the ADC. The absence of the filter will have an impact on the required attenuation of the in-band interferes such as ACS and IBB. Figure 2 shows the simulation of a low pass filter Chebyshev filter considering 100 MHz cut off frequency. The figure shows that in the adjacent channel the filter can have around 8 dB suppression and for the second adjacent channel a suppression of around 41 dB can be achieved.
[image: image16.jpg]Magnitude (dB)
o N &5 & oA b RN A
&8 383838 8 8 3 o

Adjacent
Channel
2nd
Adjancent
Channel
100 200 300 400

Frequency (MHz)





Figure 2: Typical filter Response of Chebyshev Filter I
Due to the absence of this channel filter, the implementations lacks of the benefit of an additional suppression to attenuate the in-band interferers between allocated sub-blocks. Therefore we propose a relaxation of 8 dB in accordance with the loss of the filter attenuation for ACS intra-band non-contiguous CA relative to the defined ACS single carrier [2]. As for the in-band blocking since the interferer level should be at the same level as the adjacent channel, in order to have both at the same level an additional relaxation of 6.5 dB is required, which comes out to 14.5 dB relaxation regarding the in-band blocking single carrier requirement.
Furthermore, we have to take into account that the frequency separation between the CCs may vary depending on the frequency span from edge to edge and numbers of CCs. In case of a large separation the implementation becomes more complex. For example the band of n260 with 8CCs and 7 gaps, the multiple sub-blocks with a single RF chain becomes more susceptible to in-band interferers. In this contribution we have considered in-band blocking and ACS for intra-band non-contiguous CA requirement definition without the limitation of two component carriers as specified in [2].
Observation 1: For ACS and IBB for intra-band non-contiguous CA requirement more than 2CCs were considered.

We propose that for intra-band non-contiguous CA cases to have a relaxation of the in-band interferers (i.e. ACS and in-band blocking) in accordance with the loss of filter attenuation. 

Observation 2:  A relaxation of 8 dB for ACS for intra-band CA cases relative to the current agreement for ACS single carrier is required.

Observation 3:
 A relaxation of 14.5 dB for the in-band blocker for intra-band non-contiguous CA cases relative to the current agreement for IBB single carrier is required.
3. Conclusions
In this contribution we have discussed the ACS and IBB requirement for intra-band non-contiguous CA. In summary, we have made the following observations: 

Observation 1: For ACS and IBB for intra-band non-contiguous CA requirement more than 2CCs were considered.

Observation 2:  A relaxation of 8 dB for ACS for intra-band CA cases relative to the current agreement for ACS single carrier is required.
Observation 3:
 A relaxation of 14.5 dB for the in-band blocker for intra-band non-contiguous CA cases relative to the current agreement for IBB single carrier is required..
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