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1. Introduction
In last RAN4 meeting [1] discussed non-contiguos intraband CA reference transmitter model and how the OOB/spurious emission boundary should be defined for non-contiguos signal when setting the emission requirements. Following  proposal was made in the [1] and was acceptable to RAN4.
Proposal 2: Spurios emission/OOB emission boundaries are set for all CCs individually. Transmissions from individual component carriers will meet applicable REL-8 LTE Spectrum emission masks i.e. Method A is selected as a way forward for setting the requirements 
In this contribution we futher discusses how to set the spectral emission maks and spurious emissions requirements. In addition we also discus how the adjacent channel leakage ration requirements should be defined and propose to harmonice terminology between UR and BS specifications..
2. Discussion

2.1 Definitions and terms
Before being able to go further with the discusions we need to agree some terms and definitions needed for non-contiguos intraband CA. We think that as base station spec [2] already captures non-contiguos intraband RF requirements it would be usefull to harmonice the terms between UE and base station specs similarly as we have done for contiguous intraband CA. Figure 1 is taken from [2] and we think that it should be introduced also for UE specs in later phase.
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Figure 5.6-3 Definition of Sub-block Bandwidth for intra-band non-contiguous spectrum
Basestation spec [2] has also following definitions which will be used in this contribution.
Contiguous carriers: a set of two or more carriers configured in a spectrum block where there are no RF requirements based on co-existence for un-coordinated operation within the spectrum block.

Contiguous spectrum: Spectrum consisting of a contiguous block of spectrum with no sub-block gaps.
Lower sub-block edge: The frequency at the lower edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.

Non-contiguous spectrum: Spectrum consisting of two or more sub-blocks separated by sub-block gap(s).
Sub-block: This is one contiguous allocated block of spectrum for transmission and reception by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth.
Sub-block bandwidth: The bandwidth of one sub-block.
Sub-block gap: A frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation.
Upper sub-block edge: The frequency at the upper edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.
During the REL-11 time frame (carrier aggregation enhancements WI and Band 25 non-contiguos intraband CA WI) the CA configurations will consist of two sub-blocks each consisting of one component carrier. There will be one sub-block gap between the aggregated component carriers. Hence in REL -11 time frame terms sub-block and component carriers are interchangeable, this is not necessarily true in future releases.
2.2 Unwanted emission requirements

In RAN4 #62bis it was agreed that spurios emission/OOB emission boundaries are set for all CCs individually. Transmissions from individual component carriers will meet applicable REL-8 LTE Spectrum emission masks i.e. Method A is selected as a way forward for setting the requirements (Proposal 2 from [1]). 
What is not agreed is that how the over lapping unwanted emission requirements are set. In last meeting [1] had a proposal that SEM and spurios emission requirements are not relaxed in the gap i.e. when requirements over lap those are not added together instead of if SEMs overlap least strict SEM limit is chosen. We have studied various different channel allocation schemes where we changed that sub-block gap size and CC bandwidths in relation to each other. Results are presented in a form as in Figure 2 where we first have drawn applicaple SEM and spurios emission requirements for both CC’s in accordance with RAN4 agreement. SEM’s are drawn in black and spurios emission requirements in blue and both are associated with a number which indicates to which CC they are applicaple.  Then the latter part of the figure is our proposal how we should define the composite emission requirement. 
Composite emission requirement is the emission requirement for non-contiguous intraband CA transmission when the transmission consists of multiple sub-blocks. It shall be derived with following procedure.

1. As a basis Individual sublocks will follow REL-8 SEM (and spurios emission requirements) AGREED
2. When spurios emission domain of CC1 falls into OOB domain of CC2 or vice versa it is not taken into account (in practice always lower than SEM)

3. If two SEMs overlap then the SEM which allowes higher PSD for emisions is selected

4. If SEM or spurios emission requirement of CC1 overlaps the channel bandwidth of CC2 or vice versa it is not taken into account. 

By following these four rules we think that is is easy to derive the composite emission requirement which is applicaple when multiple sub-blocks are transmitted. Also by following this approach the NC-intrabadd UE does not interfere UE that belong to other networks more than what individual REL-8 UE’s would. 
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Figure 2 Derivation of composite emission requirement
In the Figure 3 we present same study foe cases where the sub-block gap size is varied. We have selected such kind of sub-block gap sizes wich have certain relations ship to the size of OOB domain of CC’s. Followig cases where examined

1. Sub-block gap bandwidth = OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2 (Figure 2)

2. Sub-block gap bandwidth > OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2

3. Sub-block gap bandwidth < OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2

4. Sub-block gap bandwidth > MIN(OOB domain bandwidth of CC1, OOB domain bandwidth of CC2)

Derivation of composite emission requirement by following the three rules listed above was successful. 
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Figure 3 Study of different sub-block gap sizes

In addition of equal CC bandwidth we study the cases where the CC’s had different bandwidths. Derivation of composite emission requirement was as straight forward as in case of equal CC bandwidths. In Figure 4 we present the case which does not occur with equal CC bandwidths i.e. the OOB reqion of wider CC extendes over the narrower CC.
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Figure 4 Case where OOB region of wider CC extends over narrower CC.

2.3 Adjacent channel leakage rejection requirements

Several issues needs to decided also on how to specify adjacent channel leakage rejection (ACLR) as the non-contiguos intraband signal is unique by consisting of multiple spectrum sub-blocks. We start this task by recapping the current ACLR requirements for single carrier operation. As seen in Figure 5 below RAN4 has specified three different ACLR requirements for single carrier operation i.e. UTRAACLR1,2 and E-UTRAACLR1. We think that it is quite safe starting point for setting the ACLR requirements for non-contiguos intraband operation to require that UE will meet the same ACLR requirements. 
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Figure 5 Single carrier ACLR requirements

First issue to decide is how NC-intraband CA ACLR is defined. Is it combined measured power of all sub-block compared to the applicaple measured adjacent channel power or is it individual sub-block measured power compared to the measured adjacent channel power requirement associated into that sub-block. The latter way will produce lesser amount of interference and is maybe more comparable to emissions generated by individual non-CA UE. This way would be also in line with the agreement on Spurios emission/OOB emission boundaries which are set for all CCs individually.
Secondly as NC-intraband CA signal consists of multiple RF sub-blocks and sub-block gaps some though should be given to how many separate ACLR requirements are set, basically wheter to require the ACLR to be measured also in the gap or not, see Figure 6. In the top most NC-intraband CA signal in Figure 6 we have drawn a case where ALCR requirements are set also for the gap and the E-UTRAACLR1 requirement measurement bandwidth follows the sub-block bandwidth that it is referenced to. In this case the gap is large enough to accommodate all six individual ACLR requirements in the gap giving total of 12 requirements. The second drawing in Figure 6 presents a case where the sub-blck gap is not large enough that accommodate all six individual ACLR requirements instead only UTRAACLR1 for CC1 and CC2 (which are exactly the same) and E-UTRAACLR1 for CC1 are possible to be defined. Two latter drawings present same signals without ACLR requirement in the gap.
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Figure 6 Wheter to set ACLR requiremetns in the sub-block gap
To see how much it affects to needed MPR wheter there is an ACLR requirement in the gap or not we run a simulation campaign where six different NC-intraband CA signals with four different sub-block gap sizes were simulated. 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 [3] Transmitted singnal was consisting of fully populated sub-blocks which had qual PSD. SEM and spurious emission requirements were set as described in clause 2.2 and ACLR requirements as described in Figure 6. Third column (Backoff) tells how much MPR was needed to fullfill all the requirements (also ACLR in the gap) and the fourth column (gating factor) tells which of the emission requirement was the limiting one.  As can be seen from the results when the sub-blocks were having big difference in bandwidth (5 and 20 MHz) the gap ACLR was gating factor. So two cases out of 24 required MPR because of Gap ACLR and the MPR for the rest of 22 cases was determined by some other requirement. The required MPR for these two cases was decreased less than 1 dB if Gap ACLR requirement was omitted. Based on the study above we propose that ACLR is not specified to be met in the Gap as it does not almost ever affect to the required MPR.
Table 1 Required MPR for NC-intraband CA to met different ALCR requirements

	Non-contiguous CA: Required backoff with full allocations

	Bandwidth
	Gap width (MHz)
	Backoff (dB)
	Gating factor
	Backoff, no ACLR in gap
	Gating factor

	100+100
	5
	3.53
	Spur
	 
	 

	
	10
	3.82
	Spur
	 
	 

	
	20
	3.88
	Spur
	 
	 

	
	40
	3.87
	Spur
	 
	 

	75+75
	5
	3.86
	Spur
	 
	 

	
	10
	4.18
	Spur
	 
	 

	
	20
	4.18
	Spur
	 
	 

	
	40
	4.20
	Spur
	 
	 

	100+50
	5
	4.05
	Spur
	 
	 

	
	10
	3.92
	Spur
	 
	 

	
	20
	4.08
	Spur
	 
	 

	
	40
	4.09
	Spur
	 
	 

	100+25
	5
	4.44
	UTRA ACLR2
	 
	 

	
	10
	4.79
	GAP ACLR 2
	4.15
	UTRA ACLR 2

	
	20
	4.12
	GAP ACLR 2
	3.98
	Spur

	
	40
	4.04
	Spur
	 
	 

	25+50
	5
	4.70
	Spur
	 
	 

	
	10
	4.69
	Spur
	 
	 

	
	20
	4.84
	Spur
	 
	 

	
	40
	4.84
	Spur
	 
	 

	25+25
	5
	5.00
	Spur
	 
	 

	
	10
	5.57
	Spur
	 
	 

	
	20
	5.57
	Spur
	 
	 

	
	40
	5.58
	Spur
	 
	 


Thirdly what needs to be decided is that wheter the individual sub-blocks have equal power or equal PSD during the tests. This is important when the sub-block have different bandwidths. For contiguous intraband CA the requirements are set for carrier having equal PSD as those are sent from same base station and are on average having same pathloss (with the exception of RRH Scenation 4). We think that the same reasoning applies also for NC-intraband CA and ACLR requirements should be specified for sub-blocks of equal PSD. If equal PSD approach for individual sub-blocks is chosen it becomes important to discuss how the sub-blocks are populated in the ACLR test. Lets assume that sub-block 1 is pupolated with 100 RB and sub-block 2 is populated with 1 RB with equal PSD approach the absolute power difference is 20 dB between the sub-blocks. If the sub-block gap is smaller then sub-block 1 ACLR emissions overlap sub-block 2 ACLR emission regions (even if ACLR is not required to be met in the gap). Because sub-block 2 absolute power was 20 dB lower than sub-block 1 and because ACLR requirement is relative it becomes impossible for a UE to meet the sub-block 2 ACLR requirements as power leaking from sub-block 2 determines the emissions. Therefore we propose that ACLR requirement is only specified to fully populated sub-blocks which sets limits to the power imbalance. 
To summarize we propose following way to specify ACLR requirements for NC-intraband CA.

Proposal 3: Define UTRAACLR1,2 and E-UTRAACLR1 ACLR requirements for NC-intraband CA with following side conditions
1. UTRAACLR1,2 and E-UTRAACLR1 ACLR requirements are same as for single carrier operation

2. ACLR requirement is a power ration of a single sub-block and applicaple adjacent channel power

3. E-UTRAACLR1 measurement bandwidth equals the sub-block bandwidths it is associated

4. ACLR requirements are not required in the sub-block gap

5. ACLR requirements are set only to fully populated sub-blocks

6. Individual sub-blocks will have equal PSD
3. Conclusion

As a conclusion we have thee proposals for non-contiguos intraband CAemission aspects and terminology. These proposal are divided into three text proposals submitted into this meeting [4][5][6].
Proposal 1: Harmonize terminology with basestation specs i.e. use terms

Lower sub-block edge: The frequency at the lower edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.
Non-contiguous spectrum: Spectrum consisting of two or more sub-blocks separated by sub-block gap(s).
Sub-block: This is one contiguous allocated block of spectrum for transmission and reception by the same Base Station. There may be multiple instances of sub-blocks within an RF bandwidth.
Sub-block bandwidth: The bandwidth of one sub-block.
Sub-block gap: A frequency gap between two consecutive sub-blocks within an RF bandwidth, where the RF requirements in the gap are based on co-existence for un-coordinated operation.
Upper sub-block edge: The frequency at the upper edge of one sub-block. It is used as a frequency reference point for both transmitter and receiver requirements.

Proposal 2: Use composite emission requirement for non-contiguos intraband CA transmissions. Composite emission requirement is derived by following thse rules.
1. For individual single carrier sublocks emission requirements will follow REL-8 single carrier SEM and spurios emission requirements
2. When spurios emission domain of CC1 falls into OOB domain of CC2 or vice versa it is not taken into account 
3. If two SEMs overlap then the SEM which allowes higher PSD for emisions is selected

4. If SEM or spurios emission requirement of CC1 overlaps the channel bandwidth of CC2 or vice versa it is omitted
Proposal 3: Define UTRAACLR1,2 and E-UTRAACLR1 ACLR requirements for NC-intraband CA with following side conditions
1. UTRAACLR1,2 and E-UTRAACLR1 ACLR requirements are same as for single carrier operation

2. ACLR requirement is a power ration of a single sub-block and applicaple adjacent channel power

3. E-UTRAACLR1 measurement bandwidth equals the sub-block bandwidths it is associated

4. ACLR requirements are not required in the sub-block gap

5. ACLR requirements are set only to fully populated sub-blocks

6. Individual sub-blocks will have equal PSD
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