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1 Introduction
In RAN4#69 meeting a way forward for intra-band NC CA was presented in [1] but no agreement were made on how much maximum allowed power difference between CCs should be considered, and the possibility to support 64QAM test case is still TBD. In this contribution we further discuss the open issues from RF perspective for non-collocated deployment for intra-band NC CA based on previous contributions in [2][3]. 
2 Discussion
A common understanding for the maximum allowed power imbalance is when the high power CC is taken as a blocker the maximum power imbalance is limited by ACS/In-band Blocking requirements. But the current ACS and In-band Blocking requirements as attached in Appendix are specified depending on different BW, REFSENS level, frequency offset between wanted signal and blocker signal, etc. So it’s difficult to come up with a common number applied to all bands or with all possible frequency gaps. In order to focus on the practical deployment scenario we think it makes sense to define the test with band specific scenarios eg. on certain BW for each CC and frequency gap between them.
Proposal 1: Identify the maximum allowed power imbalance with band specific scenarios eg. on certain BW for each CC and frequency gap between them.
From offline discussion the current required deployment scenario from operator is on Band 3 where a 20MHz (C2) is taken as a small cell plus a 5MHz (C1) is used as a marco cell with the frequency gap between them as 15MHz as shown in Figure 1.
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Figure 1 Example on Band 3 with 20+5MHz and a gap as 15MHz in between for intra-band non-contiguous CA

The REFSENS level on Band 3 is -97dBm. So with the limitation of In-Band Blocking the maximum allowed power imbalance is -44dBm - (REFSENS + 6dB) = 47dB. Note that this calculation is based on a blocker signal as 5MHz from attached table in Appendix from [5]. And with such blocker the wanted signal as the low power Marco cell CC it can achieve a SNR=0dB to support the QPSK demodulation.

Though the blocker is specified as 5MHz but from the example in Figure 1 the high power Small cell CC is taken as 20MHz, it is still sufficient to assume such interferer blocker with the same power level which should not be larger than -44 dBm as wideband power level. So we can assume the same selectivity requirement with a blocker signal as 20MHz as long as same power level is kept.
Proposal 2: With the limitation from In-Band Blocking on Band 3 with 20+5MHz NC CA and a gap as 15MHz in between the maximum allowed power imbalance is 47dB (P1=REFSENS+6=-91dBm and P2=-44dBm as wideband power level) in order to support QPSK demodulation on low power Marco cell.
When under CA deployment scenario 4 with non-collocation Marco-RRH deployment the large power imbalance can happen when an UE is located at the cell edge of the Marco cell and also close to the center of the Small cell. Under such deployment it would be challenging to support a higher modulation mode such as 64QAM on the low power CC in the meanwhile to keep the same maximum power difference as 47dB. On the other hand as the UE is on the cell edge of the Marco cell with low quality of the channel it is more natural from the scheduler to use low modulation mode such as QPSK for the data transmission.
Proposal 3: It’s preferred to only support QPSK on the low power Marco cell when the power difference is reaching the maximum as 47dB.
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Figure 2 Option 1 as power boosting on both CCs to support 64QAM on low power Marco cell
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Figure 3 Option 2 as power boosting only on low power Marco cell CC to support 64QAM on Marco cell

When it comes to supporting 64QAM demodulation on the low power Marco cell we have 2 options to consider.

Option 1: Keep the power imbalance as 47dB and boost the power with 19dB on both CCs so P1=REFSENS+6=-91dBm and P2=-44+19=-25dBm as wideband power level.

Option 2: Reduce the power imbalance with 19dB as 47-19=28dB and only boost the power on the low power Marco cell so P1=REFSENS+6+19=-71dBm and P2=-44dBm as wideband power level.
With Option 1 it can be demonstrated in Figure 3 where a 19dB power boosting is added on both CCs. With Option 2 it is demonstrated in Figure 4 where a 19dB power boosting is only added on the low power Marco cell with reduced power imbalance as 28dB.
From Figure 3 we can see the due to the power boosting on the high power C2 the leakage to low power C1 increases so the noise floor from C1 is also lifted. As consequence it can be expected the performance will be impacted. In  order to avoid performance loss due to such power boosting and also try not to bring new tougher requirement on In-band Blocking selectivity test we prefer to take Option 2 in order to support 64QAM on low power Marco cell.
Proposal 4: It’s preferred to take Option 2 as reducing the power imbalance to 47-19=28dB and only boosting the power on the low power Marco cell CC in order to support 64QAM on the Marco cell.

Also as noticed the Marco cell is always taken as the PCell and the small cell as the SCell so in the end if we take the above proposals the following table is calculated as recommendations to the UE performance requirement setup. 
Table 1 Proposed maximum power imbalance and corresponsing received power level on each CC

	Supported modulation mode on low power Marco cell CC
	QPSK (Preferred)
	64QAM

	Maximum allowed power difference
	47dB
	28dB
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Proposal 5: It’s recommended to take the values proposed in Table 1 as input to UE performance test as the maximum allowed power imbalance between 2 intra-band NC CCs for Band 3.
3 Conclusions

In this contribution we continue the discussion on the performance requirement for intra-band non-contiguous CA and propose the following.
Proposal 1: Identify the maximum allowed power imbalance with band specific scenarios eg. on certain BW for each CC and frequency gap between them.
Proposal 2: With the limitation from In-Band Blocking on Band 3 with 20+5MHz NC CA and a gap as 15MHz in between the maximum allowed power imbalance is 47dB (P1=REFSENS+6=-91dBm and P2=-44dBm as wideband power level) in order to support QPSK demodulation on low power Marco cell.
Proposal 3: It’s preferred to only support QPSK on the low power Marco cell when the power difference is reaching the maximum as 47dB.

Proposal 4: It’s preferred to take Option 2 as reducing the power imbalance to 47-19=28dB and only boosting the power on the low power Marco cell CC in order to support 64QAM on the Marco cell.
Proposal 5: It’s recommended to take the values proposed in Table 1 as input to UE performance test as the maximum allowed power imbalance between 2 intra-band NC CCs for Band 3.
Table 1 Proposed maximum power imbalance and corresponsing received power level on each CC

	Supported modulation mode on low power Marco cell CC
	QPSK (Preferred)
	64QAM

	Maximum allowed power difference
	47dB
	28dB
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5 Appendix

7.5
Adjacent Channel Selectivity (ACS)
Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

7.5.1
Minimum requirements

The UE shall fulfil the minimum requirement specified in Table 7.5.1-1 for all values of an adjacent channel interferer up to –25 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of test parameters are chosen in Table 7.5.1-2 and Table 7.5.1-3 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1). 

Table 7.5.1-1: Adjacent channel selectivity

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025

/

-1.4-0.0025
	3+0.0075

/

-3-0.0075
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	10+0.0125

/

-10-0.0125
	12.5+0.0025

/

-12.5-0.0025

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 


Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025

/

-1.4-0.0025
	 3+0.0075

/

-3-0.0075
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	10+0.0125

/

-10-0.0125
	12.5+0.0025

/

-12.5-0.0025

	NOTE 1:
The transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1.


7.6.1
In-band blocking

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.. 
7.6.1.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1-1 and 7.6.1.1-2.

Table 7.6.1.1-1: In band blocking parameters

	Rx parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FIoffset, case 1 
	MHz
	2.1+0.0125
	4.5+0.0075
	7.5+0.0125
	7.5+0.0025
	7.5+0.0075
	7.5+0.0125

	FIoffset, case 2 
	MHz
	3.5+0.0075
	7.5+0.0075
	12.5+0.0075
	12.5+0.0125
	12.5+0.0025
	12.5+0.0075

	NOTE 1: 
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1


Table 7.6.1.1-2: In-band blocking

	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	PInterferer
	dBm
	-56
	-44
	-30
	-30

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
	-BW/2 – 15

&

-BW/2 – 9
	-BW/2 – 10

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 18, 19, 20, 21, 22, 23,

25, 26, 27, 28, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low – 10

to

FDL_high + 15
	
	FDL_low – 10

	17
	FInterferer
	MHz
	(Note 2)
	FDL_low – 9

to

FDL_high + 15
	FDL_low – 15

and

FDL_low – 9
	

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 

NOTE 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz 
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