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1. Introduction
In last RAN4 meeting [1][2] discussed non-contiguos intraband CA ACLR requirement but no conclusion was reached. In this contribution we futher discusses how to set the ACLR requirement.
2. Discussion

ACLR requirement is one of the key figures of merits for E-UTRA radios as it has been used in co-existence studies [3] to determine acceptable UE to Ue interference levels. This raises up the question whether we need to perform co-existence studies again with non-contiguos intraband CA signals. We are in a opinion that this is not necessary as long the ACLR requirements that we define for non-contiguos intraband CA are such that the interference power allowed from the UE will not be more than it is for the current single carrier UE’s.
As was discussed in [1] and [2] several issues need to be agreed for establishing the ACLR requirement
· How many ALCR requirements there will be UTRAACLR1, UTRAACLR2 and E- UTRAACLR1…

· What are the actual requirement values

· Is the wanted signal power sum of transmitted sub-blocks or individual sub-blocks
· Will there be requirements in the gap and if yes are those different compared to requirements outside the gap

· Are the carrier assued to have equal PSD

· Are the requirments only for fully populated carriers or general

We start answering these questions by studing how thing look like when we consider the absolute emissions levels from UE which are important to ensure proper co-exitence between UE’s. 

2.1 Absolute emissions

In Figure 1 we compare how much the absolute emissions would be from UE if the ACLR requrments would be set as proposed in [1] and [2], in addition we have drawn a picture presenting the current case with single carrier transmissions. Here we have study E-UTRA ACLR case where the adjacent channel measurement bandwidth is same as the sub-block bandwidth next to it.
For single carrier E-UTRA UE the max allowed emissions to adjacent channel is +23 dBm – 30 dB = - 7 dBm (we have not taken into account the MPR as it is not mandatory). According to proposal in [1] (i.e. the Nokia contribution) for the case where sub-blocks have equal bandwidth (and PSD) the interference power into to adjacent channel would be – 10 dbm, if the other sub-block would have smaller bandwidth the the sub-block being tested would have higher power than 20 dBm and thus the interference to adjacent channel would be more than – 10 dBm but still less than – 7 dBm which was the single carrier reference. According to proposal [2] (i.e. the ZTE contribution) the adjacent channel interference power would be – 7 dBm which is same as for reference single carrier case. The interference power would not change if relative sub-block bandwidths change as reference power is the sum of sub-block powers.
As can be seen both proposal [1] and [2] would produce ALCR emissions which are equal or less than single carrier operation would produce and in that sense are acceptable. Also we want to point out that it is evident [4] that we need to specify MPR for non-contiguos intraband case which is more than the MPR for single carrier case thus emissions for non-contiguos case for adjacent channel will be smaller as the ACLR requirement is relative to transmission power.
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Figure 1 Absolute emission levels due to ACLR
As a way forward we propose to adopt the ACLR definition from [2] which solves issues associated to proposal [1] if carriers in sub-blocks are not fully populated or have un-equal bandwidths.
Proposal 1: Adjacent channel leakage ration for non-contiguos intraband CA is defined as a ratio of

· The sum of the filtered mean powers centered on the assigned channel frequencies and

· The filtered mean power centered on a frequency channel adjacent to one of the respective sub-block edges
2.2 How many requirements

In last RAN4 meeting [1] proposed that ACLR requiremetns are only specified outside the gap and this was justified by showing simulation results which indicated that gap ALCR is not nearly ever a gating factor for MPR. The proposal in [2] was that ACLR requirement is also specified in the gap. During the discussion in the meeting it was clearly indicated that companies would prefer to set the ACLR requiremetns also for the gap thus we propose as a way forward to specify the ACLR also in the gap.

RAN4 needs to make also a dicision what are the ACLR requirements to be specified. For single carrier case RAN4 has set requirements for UTRAACLR1, UTRAACLR2 and E- UTRAACLR1. For contiguous intraband CA requiremetns are set for UTRAACLR1, UTRAACLR2 and CA E- UTRAACLR1. 

Figure 2 skecthes the situation if RAN4 decised to specify non-contiguos intraband CA ACLR requrements similarly as it has done for single carrier i.e. UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 with the exception that both sub-blocks have own requirent set. As can been seen the number of ACLR requirements varies between 6 -12 depending on the gap size. One option would be to consider if UTRA ACLR requirements are still needed to reduce the number of measurements.
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Figure 2 Different ACLR requirements
As a way forward for the number of ACLR requirements we propose following.

Proposal 2: UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 requirements are set for all non-contiguos intraband CA sub-blocks when all sub-blocks are transmitted with equal PSD

Proposal 3: UTRAACLR1 = 33 dB, UTRAACLR2 = 36 dB E- UTRAACLR1 = 30 dB

2.3 Fine tuning
The fact that the sub-block gap has varying size causes some issues for requirement setting, [2] had good basis how to solve the issue.
Proposal 4: UTRAACLR1 and UTRAACLR2
· UTRAACLR1 is required to be met in the sub-block gap when the gap bandwidth Wgap is 5MHz≤Wgap <15MHz.
· Both UTRAACLR1, UTRAACLR2 are required to be met in the sub-block gap when the gap bandwidth Wgap is 15MHz≤Wgap
In case sub-blocks have different bandwidths the E-UTRAACLR it is proposed that E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth is is adjacent to.
In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set to the gap. Wgap < BWChannel,block(1) or  Wgap < BWChannel,block(2)).
In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap. Wgap < min (BWChannel,block(1), BWChannel,block(2))
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Proposal 5: For E-UTRAACLR
· E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth is is adjacent to. 
· In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set for the gap. 
· In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap.
2.4 Required MPR to meet these ACLR requirents
To see how much MPR is required to meet the ACLR requirements proposed in this contribution we run a simulation campaign where six different NC-intraband CA signals with four different sub-block gap sizes. Results are presented in Table 1. The reference transmitter architecture used in this study was the single PA version also refered as Tx architecture 1 in [5]. Transmitted singnal was consisting of fully populated sub-blocks which had qual PSD.

Table 1 has two MPR values. The first MPR called backoff takes into account SEM and spurious emission requirements were set as described in [1] and ACLR definition from this paper. The second MPR called Backoff (dB), due to ACLR only does not consider SEM and spurious emission requirements.

As can be seen from the results the ACLR requirements were never a gating factor for this study. It was a general spurious emission requirement that determines the MPR.
Table 1 Required MPR

	Non-contiguous CA: Required backoff with full allocations
	

	
	

	Bandwidth
	Gap width (MHz)
	Backoff (dB)
	Gating factor
	Backoff (dB), due to ACLR only
	Gating factor
	

	100+100
	5
	3.53
	Spur
	1.91
	EUTRA ACLR
	

	
	10
	3.82
	Spur
	1.57
	EUTRA ACLR
	

	
	20
	3.88
	Spur
	1.07
	Gap EUTRA ACLR
	

	
	40
	3.87
	Spur
	-
	-
	

	75+75
	5
	3.86
	Spur
	1.98
	UTRA ACLR2
	

	
	10
	4.18
	Spur
	1.25
	EUTRA ACLR
	

	
	20
	4.18
	Spur
	0.14
	Gap EUTRA ACLR
	

	
	40
	4.20
	Spur
	0.06
	UTRA ACLR1
	

	100+50
	5
	4.05
	Spur
	2.19
	EUTRA ACLR
	

	
	10
	3.92
	Spur
	2.01
	EUTRA ACLR
	

	
	20
	4.08
	Spur
	1.44
	Gap EUTRA ACLR
	

	
	40
	4.09
	Spur
	1.12
	UTRA ACLR2
	

	100+25
	5
	3.79
	Spur
	2.22
	EUTRA ACLR
	

	
	10
	4.09
	Spur
	2.15
	EUTRA ACLR
	

	
	20
	3.98
	Spur
	1.84
	Gap EUTRA ACLR
	

	
	40
	4.04
	Spur
	1.49
	UTRA ACLR2
	

	25+50
	5
	4.70
	Spur
	2.76
	UTRA ACLR2
	

	
	10
	4.69
	Spur
	2.08
	UTRA ACLR2
	

	
	20
	4.84
	Spur
	1.58
	UTRA ACLR1
	

	
	40
	4.84
	Spur
	1.58
	UTRA ACLR1
	

	25+25
	5
	5.00
	Spur
	3.29
	UTRA ACLR2
	

	
	10
	5.57
	Spur
	0.63
	UTRA ACLR1
	

	
	20
	5.57
	Spur
	0.62
	UTRA ACLR1
	

	
	40
	5.58
	Spur
	0.62
	UTRA ACLR1
	


3. Conclusion

For non-contiguos intraband CA we propose following way forward for setting the ACLR requirements.
Proposal 1: Adjacent channel leakage ration for non-contiguos intraband CA is defined as a ratio of

· The sum of the filtered mean powers centered on the assigned channel frequencies and

· The filtered mean power centered on a frequency channel adjacent to one of the respective sub-block edges

Proposal 2: UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 requirements are set for all non-contiguos intraband CA sub-blocks when all sub-blocks are transmitted with equal PSD

Proposal 3: UTRAACLR1 = 33 dB, UTRAACLR2 = 36 dB E- UTRAACLR1 = 30 dB

Proposal 4: UTRAACLR1 and UTRAACLR2
· UTRAACLR1 is required to be met in the sub-block gap when the gap bandwidth Wgap is 5MHz≤Wgap <15MHz.

· Both UTRAACLR1 and UTRAACLR2 are required to be met in the sub-block gap when the gap bandwidth Wgap is 15MHz≤Wgap
Proposal 5: For E-UTRAACLR
· E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth is is adjacent to. 
· In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set for the gap. 
· In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap.
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************************ Start of the text proposal for TR 36.823********************************
3.2
Symbols

BWChannel,block 
Sub-block bandwidth, expressed in MHz. BWChannel,block= Fedge,block,high- Fedge,block,low.
FC,block, high

Center frequency of the highest transmitted/received carrier in a sub-block.
FC,block, low

Center frequency of the lowest transmitted/received carrier in a sub-block.
Fedge,block,low 
The lower sub-block edge, where Fedge,block,low = FC,block,low - Foffset.
Fedge,block,high 
The upper sub-block edge, where Fedge,block,high = FC,block,high + Foffset.
Foffset,block,low
Separation between lower edge of a sub-block and the center of the lowest component carrier within the sub-block
Foffset,block,high
Separation between higher edge of a sub-block and the center of the highest component carrier within the sub-block

Wgap
Sub-block gap size
************************ Unchanged section omitted  ********************************
6.2

UE characteristics

6.2.1 General

Carrier aggregation enhancement WI will develop UE requirements for DL and UL non-contiguos intraband carrier aggregation using band 25 as en example FDD band and band 41 as an example TDD band.
6.2.2 Transmitter characteristics
6.2.2.1 Reference Transmitter Architecture

6.2.2.2 ACLR

In Figure 6.2.2.2- 1 we compare how much the absolute emissions would be from UE if the ACLR requrments would be set as proposed in R4-122735 and R4-122522. In addition we have drawn a picture presenting the current single carrier transmissions case. There we have examined E-UTRA ACLR where the adjacent channel measurement bandwidth is same as the sub-block bandwidth next to it.

For single carrier E-UTRA UE the maximum allowed emissions to adjacent channel is +23 dBm – 30 dB = - 7 dBm (we have not taken into account the MPR as it is not mandatory). According to proposal in R4-122735 for the case where sub-blocks have equal bandwidth (and PSD) the interference power into to adjacent channel would be – 10 dbm, if the other sub-block would have smaller bandwidth the the sub-block being tested would have higher power than 20 dBm and thus the interference to adjacent channel would be more than – 10 dBm but still less than – 7 dBm which was the single carrier reference. According to proposal R4-122522 the adjacent channel interference power would be – 7 dBm which is same as for reference single carrier case. The interference power would not change if relative sub-block bandwidths change as reference power is the sum of sub-block powers.

As can be seen both proposal would produce ALCR emissions which are equal or less than single carrier operation would produce and in that sense are acceptable. Also we want to point out that it is evident from R4-121205 that RAN4 needs to specify MPR for non-contiguos intraband case which is more than the MPR for single carrier case thus emissions for non-contiguos case for adjacent channel will be smaller as the ACLR requirement is relative to transmission power.
Proposal from R4-122522 is selected as it gives constant maximum absolute interference power to adjacent channel even if carriers in sub-blocks are not fully populated or have un-equal bandwidths.
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Figure 6.2.2.2- 1 Absolute emission levels due to ACLR
Following UE ACLR definition for non-contiguos intraband CA is agreed
Proposal 1: Adjacent channel leakage ratio for non-contiguos intraband CA is defined as a ratio of

· The sum of the filtered mean powers centered on the assigned channel frequencies and

· The filtered mean power centered on a frequency channel adjacent to one of the respective sub-block edges

For single carrier case RAN4 has set requirements for UTRAACLR1, UTRAACLR2 and E- UTRAACLR1. For contiguous intraband CA requiremetns are set for UTRAACLR1, UTRAACLR2 and CA E- UTRAACLR1. 

Figure 6.2.2.2-2 skecthes the situation where non-contiguos intraband CA ACLR requrements are set similarly as it has done for single carrier i.e. UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 with the exception that both sub-blocks have own requirent set. As can been seen the number of ACLR requirements varies between 6 -12 depending on the gap size. 
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Figure 6.2.2.2-2  Different ACLR requirements
Inorder to ensure good co-existence with legacy systems following UE ACLR requirements for non-contiguos intraband CA are agreed

Proposal 2: UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 requirements are set for all non-contiguos intraband CA sub-blocks when all sub-blocks are transmitted with equal PSD

Proposal 3: UTRAACLR1 = 33 dB, UTRAACLR2 = 36 dB E- UTRAACLR1 = 30 dB

Following additional definitions are agreed for UE non-contiguos intraband CA ACLR to accommodate varying gap size in requirement setting.
Proposal 4: UTRAACLR1 and UTRAACLR2
· UTRAACLR1 is required to be met in the sub-block gap when the gap bandwidth Wgap is 5MHz≤Wgap <15MHz.

· Both UTRAACLR1, UTRAACLR2 are required to be met in the sub-block gap when the gap bandwidth Wgap is 15MHz≤Wgap
In case sub-blocks have different bandwidths for the E-UTRAACLR (see Figure 6.2.2.2-3) it is proposed that E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth is is adjacent to.

In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set to the gap. Wgap < BWChannel,block(1) or  Wgap < BWChannel,block(2)).
In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap. Wgap < min (BWChannel,block(1), BWChannel,block(2))
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Figure 6.2.2.2-3 E-UTRAACLR in case of unequal subblock bandwidth
Proposal 5: For E-UTRAACLR
· E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth is is adjacent to. 
· In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set for the gap. 
· In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap.

To see how much MPR is required to meet the ACLR requirements proposed in this clause a simulation campaign was performed where six different NC-intraband CA signals with four different sub-block gap sizes were examined. Results are presented in Table 6.2.2.2-1. The reference transmitter architecture used in this study was the single PA version also refered as Tx architecture 1 in R4-114901. Transmitted singnal was consisting of fully populated sub-blocks which had qual PSD.

Table 6.2.2.2-1 has two MPR values. The first MPR called backoff takes into account SEM and spurious emission requirements were set as described in R4-122735 and ACLR definition as described in this clause. The second MPR called Backoff (dB), due to ACLR only does not consider SEM and spurious emission requirements.

As can be seen from the results the ACLR requirements were never a gating factor for this study. It was a general spurious emission requirement that determines the MPR.

Table 6.2.2.2- 1 Required MPR

	Non-contiguous CA: Required backoff with full allocations
	

	
	

	Bandwidth
	Gap width (MHz)
	Backoff (dB)
	Gating factor
	Backoff (dB), due to ACLR only
	Gating factor
	

	100+100
	5
	3.53
	Spur
	1.91
	EUTRA ACLR
	

	
	10
	3.82
	Spur
	1.57
	EUTRA ACLR
	

	
	20
	3.88
	Spur
	1.07
	Gap EUTRA ACLR
	

	
	40
	3.87
	Spur
	-
	-
	

	75+75
	5
	3.86
	Spur
	1.98
	UTRA ACLR2
	

	
	10
	4.18
	Spur
	1.25
	EUTRA ACLR
	

	
	20
	4.18
	Spur
	0.14
	Gap EUTRA ACLR
	

	
	40
	4.20
	Spur
	0.06
	UTRA ACLR1
	

	100+50
	5
	4.05
	Spur
	2.19
	EUTRA ACLR
	

	
	10
	3.92
	Spur
	2.01
	EUTRA ACLR
	

	
	20
	4.08
	Spur
	1.44
	Gap EUTRA ACLR
	

	
	40
	4.09
	Spur
	1.12
	UTRA ACLR2
	

	100+25
	5
	3.79
	Spur
	2.22
	EUTRA ACLR
	

	
	10
	4.09
	Spur
	2.15
	EUTRA ACLR
	

	
	20
	3.98
	Spur
	1.84
	Gap EUTRA ACLR
	

	
	40
	4.04
	Spur
	1.49
	UTRA ACLR2
	

	25+50
	5
	4.70
	Spur
	2.76
	UTRA ACLR2
	

	
	10
	4.69
	Spur
	2.08
	UTRA ACLR2
	

	
	20
	4.84
	Spur
	1.58
	UTRA ACLR1
	

	
	40
	4.84
	Spur
	1.58
	UTRA ACLR1
	

	25+25
	5
	5.00
	Spur
	3.29
	UTRA ACLR2
	

	
	10
	5.57
	Spur
	0.63
	UTRA ACLR1
	

	
	20
	5.57
	Spur
	0.62
	UTRA ACLR1
	

	
	40
	5.58
	Spur
	0.62
	UTRA ACLR1
	


************************ End of the text proposal for TR 36.823********************************
_1400575601.vsd
20 dBm


20 dBm


20 dBm


20 dBm


- 10 dBm


E-UTRA ACLR
Requirement


30 dBc


E-UTRA ACLR
Requirement


30 dBc


 -7 dBm


R4-122522
From ZTE


R4-122735
From Nokia


23 dBm


E-UTRA ACLR
Requirement


30 dBc


 -7 dBm


Single carrier operation


Assigned sub-block powers are summed up before ACLR calculation


Individual sub-block powersare used for ACLR calculation



_1400575633.vsd
20 dBm


20 dBm


20 dBm


20 dBm


- 10 dBm


E-UTRA ACLR
Requirement


30 dBc


E-UTRA ACLR
Requirement


30 dBc


 -7 dBm


R4-122522
From ZTE


R4-122735
From Nokia


23 dBm


E-UTRA ACLR
Requirement


30 dBc


 -7 dBm


Single carrier operation


Assigned sub-block powers are summed up before ACLR calculation


Individual sub-block powersare used for ACLR calculation



_1400052016.vsd
UTRAACLR1


E-UTRA


UTRAACLR2


Sub-block GAP


E-UTRA


UTRAACLR1


UTRAACLR2


E-UTRA


UTRAACLR1


UTRAACLR2


E-UTRA


UTRAACLR1


UTRAACLR2


E-UTRA


UTRAACLR1


UTRAACLR2


UTRAACLR1


E-UTRA


UTRAACLR1


UTRAACLR2


E-UTRA


Sub-block GAP  Bandwidth > CC1+CC2


CC1


CC2


Sub-block GAP Bandwidth < CC2


CC1


CC2


Sub-block GAP



_1400063439.vsd
E-UTRA


Wgap < BWChannel,block(1) + BWChannel,block(2)).


CC1


CC2


E-UTRA


E-UTRA


E-UTRA


Sub-block GAP


E-UTRA


Wgap < BWChannel,block(1) or  Wgap < BWChannel,block(2)).


CC1


CC2


Sub-block GAP


E-UTRA


E-UTRA


E-UTRA


CC1


CC2


Sub-block GAP


E-UTRA


Wgap < min (BWChannel,block(1), BWChannel,block(2)) 



