Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #68bis
( R4-134786
Riga, Latvia, Oct 7th – 11th , 2013

Source: 
Nokia Corporation
Title: 




2UL non-contiguous intra-band CA frame-work transmitter agreements
Agenda Item: 
8.30
Document for:
Approval
1. Introduction
The 2UL non-contiguous intra-band CA frame-work WID [1] states that the work will be based on the work done in REL-11 CA enhancements WI. In last RAN4 meeting [2] there was an agreement to transfer the transmitter agreements from TR36.823 v11.0.0 into the REL-12 TR.
This contributions trasnfers REL-11 CA enhancements WI TR [2] transmitter sections into the REL-12 TR.

2. References

[1] RP-131212, Revised WI: 2UL non-contiguous intra-band CA frame-work requirements, RAN#61, Porto
[2] R4-133749, Work plan for dual UL non-contiguous intraband CA frame-work WI, RAN4#68, Barcelona 
**************** Text proposal to TR36.860 v 0.2.0 *******************
5
UE Transmitter characteristics

5.1
Reference transmitter architecture

Transmitter architecture presented in Figure 5.1-1 will be used when specifying the non-contiguous intraband CA transmitter characteristic, for example required MPR to meet the emission requirements.
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Figure 5.1-1: Non-contiguous intraband CA reference transmitter architecture

5.2
Unwanted emissions

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.

▪
As a basis Individual sublocks will follow single E-UTRA carrier SEM (and spurious emission requirements) 

▪
When spurious 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)

▪
If two SEMs overlap then the SEM which allows higher PSD for emissions is selected

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

As an example composite emission requirement is determined for various signals. Results are presented in a form as in Figure 5.1-1 where first applicable SEM and spurious emission requirements for both CC’s are drawn. SEM’s are drawn in black and spurious emission requirements in blue and both are associated with a number which indicates to which CC they are applicable. Then in the lower figure the composite emission requirement is derived following the rules listed above.
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Figure 5.2-1: Derivation of composite emission requirement

In the Figure 5.2-2 same study is repeated for cases where the sub-block gap size is varied. Following cases where examined

▪
Sub-block gap bandwidth = OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2 (Figure 5.2-1)

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

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

▪
Sub-block gap bandwidth < MIN(OOB domain bandwidth of CC1, OOB domain bandwidth of CC2)
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Figure 5.2-2: Study of different sub-block gap sizes

The case where the CC’s had different bandwidths is also studied. In Figure 5.2-3 presents the case which does not occur with equal CC bandwidths i.e. the OOB region of wider CC extends over the narrower CC.
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Figure 5.2-3: Case where OOB region of wider sub-block extends over narrower sub-block.

Agreement: Use composite emission requirement for non-contiguous intraband CA transmissions. Composite emission requirement is derived by following these rules.

1.
Each non-contiguous intraband CA sublock emission shall follow single carrier SEM and spurious emission requirements as defined in sub clauses 6.6.2 and 6.6.3 in TS36.101

2.
When spurious emission domain of sub-block x falls into OOB domain of sub-block y or vice versa it is omitted 

3.
If SEMs overlap then the SEM which allows higher PSD for emissions is selected

If SEM or spurious emission requirement of sub-block x overlaps the channel bandwidth of sub-block y or vice versa it is omitted

5.3
ACLR

In Figure 5.3-1 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 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-contiguous intraband case which is more than the MPR for single carrier case thus emissions for non-contiguous 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 5.3-1: Absolute emission levels due to ACLR

Following UE ACLR definition for non-contiguous intraband CA is agreed

●
Proposal 1: Adjacent channel leakage ratio for non-contiguous 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 requirements are set for UTRAACLR1, UTRAACLR2 and CA E- UTRAACLR1. 

Figure 5.3-2 sketches the situation where non-contiguous intraband CA ACLR requirements 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 requirements set. As can been seen the number of ACLR requirements varies between 6 -12 depending on the gap size.
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Figure 5.3-2: Different ACLR requirements

In order to ensure good co-existence with legacy systems following UE ACLR requirements for non-contiguous intraband CA are agreed

●
Proposal 2: UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 requirements are set for all non-contiguous intraband CA sub-blocks

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

Following additional definitions are agreed for UE non-contiguous 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 6.2.2.3-3) 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 5.3-3: 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 that it 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 5.3-1. The reference transmitter architecture used in this study was the single PA version also referred as Tx architecture 1 in R4-114901. Transmitted signal was consisting of fully populated sub-blocks which had equal PSD.

Table 5.3-1: 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
	


5.4
Transmit intermodulation

Firstly, considering the transmit intermodulation product strongly affected by the level of whole wanted signal power, it is unreasonable to define intermodulation product for NC-CA by only using one sub block power as a wanted power when all sub blocks are transmit, so a proposal is given here ( refer to  the definition of ACLR for NC-CA).

●
Proposal 1: The UE transmit intermodulation attenuation 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 of intermodulation product of the sub block being tested.

In order to ensure good co-existence with legacy systems, following UE transmit intermodulation requirements for non-contiguous intra-band CA are proposed.

●
Proposal 2: Interference CW signal level is set to -40dBc which is relative to the sum of the filtered mean powers centered on the assigned channel frequencies. The intermodulation product level for the 1st intermodulation test is -29dBc and the intermodulation product level for the 2nd intermodulation test is -35dBc.

Note:
1st intermodulation test refers to case when CW signal frequency offset is equal to channel bandwidth being tested and the 2nd intermodulation test refers to case when CW signal frequency offset is equal to twice the channel bandwidth being tested.
As mentioned in R4-123807 and R4-125608, it was already proposed that the interference CW signal should not be allocated inside the gap when testing transmit intermodulation for NC –CA. 

●
Proposal 3: Non-contiguous intraband CA Tx intermodulation requirement applies when the interfering signal is located at a positive offset with respect to the assigned channel frequency of the highest carrier frequency or located at a negative offset with respect to the assigned channel frequency of the lowest carrier frequency.
However, when interference CW signal is allocated outside the RF bandwidth edges, one of the intermodulation products will also be effected by the sub block other than the sub-block being tested if the gap width is not large enough. One example is mentioned in R4-125608. In order to avoid the effect from other sub block, following additional definitions are proposed for UE NC-CA transmit intermodulation to accommodate varying gap size in requirement setting. (See Figure 5.4.1 to 5.4-3)
●
Proposal 4:

▪
In case the sub block gap bandwidth Wgap < BWCC being tested  then no intermodulation test inside the gap is performed

▪
In case the sub block gap bandwidth BWCC being tested≤Wgap <2 * BWCC being tested + BWCC not tested  then 1st intermodulation test inside the gap is performed.

▪
In case the sub block gap bandwidth Wgap≥2 * BWCC being tested + BWCC not tested  then 1st and 2nd intermodulation tests inside the gap are performed.
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Figure 5.4-1: No intermodulation test inside the gap
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Figure 5.4-2: 1st intermodulation test
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Figure 5.4-3: 2nd intermodulation test

