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1
Introduction
In the last RAN plenary meeting, the work item for aggregating three carriers in band 2+2+13 was approved. A part of this work item is band 2+2 non-contiguous intra-band carrier aggregation.

This document describes the issues in the UE that need to be solved for implementing band 2+2 non-contiguous CA. It checks for harmonics or intermodulation issues as well as the RX issues due to the potentially small RX/TX separation due to non-contiguous CA operation.

Since this work item is for single uplink carrier only, there is no need to study the TX specifications (ACLR, SEM, spurious emissions etc.) as they remain the same as in normal band 2 operation. For the RX specifications most of the work done for 36.823 can be re-used [1].
2
Harmonics and intermodulation

The harmonics of the TX do not fall into the RX band, because this is an intra-band CA combination and therefore they do not disturb the reception.

Table 2-1: Harmonics of Band 2
	harmonic
	fTX_Low
	fTX_High
	fHarmonic_Low
	fHarmonic_High

	2nd Harmonic
	1850
	1910
	3700
	3820

	3rd Harmonic
	1850
	1910
	5550
	5730

	4th Harmonic
	1850
	1910
	7400
	7640

	5th Harmonic
	1850
	1910
	9250
	9550


For CA specific intermodulation products more than one aggregated carrier is required. This is an intra-band CA combination with a single uplink carrier, therefore there cannot be intermodulation between carriers. Since no CA specific intermodulation can occur, there is no reason to change any TX specification.
However, intermodulation products inside the same carrier between its components will result in wideband noise inside the receive band. The third order IM products will fall into the duplex gap and will not even at 20MBHz bandwidth harm the reception, but the higher order intermodulation products (>5th order) will interfere with the received signal. This will be discussed in the receive section in more detail.

3
Receiver Specifications

Most of the receiver specifications for band 2+2 intra-band NC CA can be done as proposed in 36.823 [1]. The same reference architecture can be used as proposed in 36.823:
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Figure 3-1: Reference receiver architecture

As can be seen in the reference receiver architecture, the TX leakage at the receive frequency is directly fed to the receiver via the duplex filter. This results in a disturbed reception, if the TX leakage is too large.

While the duplex distance is valid for the PCC, the SCC receive frequency can be closer to the PCC TX frequency than the PCC RX itself, if the SCC frequency is below the PCC frequency. The closer to the PCC TX the SCC RX will be, the stronger the interference to the SCC receiver will be. Therefore for real network operation it is recommended that the SCC frequency will be above the PCC frequency, since then the SCC won’t see a degradation compared to the PCC. The worst case for 20+20MHz can be seen in figure 3-2:
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Figure 3-2: Worst case allocation for Reference sensitivity
While the other RX specifications can be re-used from other intra-band NC CA bands, reference sensitivity needs to be adapted for intra-band NC CA for band 2, since this is strongly dependant on the band configuration, because for the non-contiguous intra-band CA combination band 2+2 the intermodulation products of the single carrier uplink fall into the receive band and will degrade the reference sensitivity.
Since there are at least three oscillators active at the same time in the device (1xTX + 2xRX), it needs to be checked, if cross-coupling between these oscillators can degrade the performance.

3.1 Reference Sensitivity

The intermodulation products of the TX carrier are mainly generated in the PA and will leak through the duplexer into the receiver and degrade the receive performance. This has already been taken into account for the definition of the reference sensitivity when defining the reference sensitivity uplink configurations for the non-CA case, where for bands with a narrow TX/RX separation a limited resource block allocation has been specified to limit the effect of TX noise in the RX channel. However, for non-contiguous Carrier aggregation this is even worse, since the SCC RX channel can be much closer to the PCC uplink channel than the PCC RX channel itself as already shown in figure 3-2 above for the example of 20+20MHz.
According to the methodology in 36.823 [1], the resource block allocations and reference sensitivity degradations can be determined. The following chapter provides simulation assumptions and results for intra-band non-contiguous CA_2 REFSENS specifications using this methodology, and proposes PCC UL RB allocation numbers for SCC REFSENS test to take care of the TX emissions into the RX band.
3.1.1
Simulation assumptions

Simulation assumptions in this study are listed below.

· Counter IM3 rejection: 60 dBc
· Carrier leakage rejection: 25 dBc
· I/Q imbalance (Image suppression): 25 dBc
· Duplexer attenuation: 50 dB
· Noise floor: -140 dBm/Hz at the PA output
· PA operating point: UTRA_ACLR1, UTRA_ACLR2, and E-UTRA_ACLR satisfied at full output power (22dBm) for full RB allocations with 20MHz bandwidth using QPSK
· The maximum allowable number of UL resource blocks should be set such that the transmitter leakage is kept below -110.5 dBm, -107.5 dBm, -105.7 dBm, and -104.5 dBm on 5 MHz DL SCC carrier (25RB PCC + 25RB SCC, 50RB PCC + 25RB SCC, 75RB PCC + 25RB SCC, 100RB PCC + 25RB SCC), 10 MHz SCC DL carrier (25RB PCC + 50RB SCC, 50RB PCC + 50RB SCC, 75RB PCC + 50RB SCC, 100RB PCC + 50RB SCC), 15 MHz SCC DL carrier (25RB PCC + 75RB SCC, 50RB PCC + 75RB SCC, 75RB PCC + 75RB SCC, 100RB PCC + 75RB SCC), and 20 MHz SCC DL carrier (25RB PCC + 100RB SCC, 50RB PCC + 100RB SCC, 75RB PCC + 100RB SCC, 100RB PCC + 100RB SCC) respectively. These leakage tolerance numbers are 1.5 dB lower than those for Band 25 because the reference sensitivity is specified 1.5 dB lower for band 2.
· As the default configuration, the UL resource blocks are located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth. The maximum number of RB for Band 2 non-CA REFSENS test is 50 for both 15 and 20 MHz channel bandwidths, which is specified in Table 7.3.1-2 of 36.101 [2].
· If even a single UL resource block would result in desensitization, the UL resource allocation is shifted toward the far-off end of the UL operating band but confined within the transmission bandwidth configuration for the channel bandwidth.
3.1.2
Simulation results and discussion

3.1.2.1
Results of RB close to the upper edge

Simulation results of the PCC UL allocation for the SCC REFSENS test are shown in the following table and figures. The table and figures are just two different ways showing the same results. The results in Table 3.1.2.1-1 as well as Figure 3.1.2.1-1 and Figure 3.1.2.1-2 are calculated with the RBs allocated close to the DL operating band. An empty entry without shade means no RB can be found for the corresponding sub-block gap.
Table 3.1.2.1-1: PCC UL RB allocation for SCC REFSENS test (close to DL band)
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Figure 3.1.2.1-1: PCC UL allocation for SCC REFSENS test (TX of 5MHz and 10MHz)
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Figure 3.1.2.1-2: PCC UL allocation for SCC REFSENS test (TX of 15MHz and 20MHz)

From the above table and figures, it can be seen that for some cases (PCC TX BW being 10, 15, or 20MHz) there is always desensitization once the sub-block gap is larger than a certain value. In other words, no matter how many RBs are allocated, the TX leakage exceeds the corresponding tolerance. For example, for the case of “50RB PCC + 50RB SCC”, once the sub-block gap is larger than 25 MHz, no matter how many RBs are allocated in PCC UL, the TX leakage at SCC DL RX exceeds the tolerance. For those cases, the PCC RB allocation will be shifted to the far-end to find out the appropriate number of RBs.

3.1.2.2
Results of RBStart with various values

The UL resource allocation is shifted towards the far-off end of the UL operating band with different RBStart, but confined within the transmission bandwidth configuration for the channel bandwidth. The following tables show that how many PCC UL RBs can be allocated with various RBStart values in order to meet the SCC RX tolerance requirement. It is noted that the empty entry without shade means no RB can be found for the corresponding sub-block gap.

Table 3.1.2.2-1: PCC UL RB allocation for SCC REFSENS test (RBStart=0)
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Table 3.1.2.2-2: PCC UL RB allocation for SCC REFSENS test (RBStart=6)
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Table 3.1.2.2-3: PCC UL RB allocation for SCC REFSENS test (RBStart=12)
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Table 3.1.2.2-4: PCC UL RB allocation for SCC REFSENS test (RBStart=18)
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Table 3.1.2.2-5: PCC UL RB allocation for SCC REFSENS test (RBStart=24)
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Table 3.1.2.2-6: PCC UL RB allocation for SCC REFSENS test (RBStart=30)
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Table 3.1.2.2-7: PCC UL RB allocation for SCC REFSENS test (RBStart=36)
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Table 3.1.2.2-8: PCC UL RB allocation for SCC REFSENS test (RBStart=42)
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Table 3.1.2.2-9: PCC UL RB allocation for SCC REFSENS test (RBStart=48)
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Table 3.1.2.2-10: PCC UL RB allocation for SCC REFSENS test (RBStart=54)
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Table 3.1.2.2-11: PCC UL RB allocation for SCC REFSENS test (RBStart=60)
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3.1.3
Discussion on REFSENS for large Wgap allocations
Compared to the TX noise in RX band there are additional receiver based degradations of the receiver sensitivity due to the small possible TX/RX distance in band 2+2 NC-CA. These are IM2, LO phase noise, baseband filtering issues and possible receiver overload. Checking the receiver performance we see that a RX degradation of 3dB may occur and therefore we propose a relaxation of 3dB for those Wgap values which result in small PCC-TX/SCC-RX gaps.

3.1.4
REFSENS values and RB allocations

The resulting REFSENS values and RB allocations can be seen in Table 3.1.4-1:
Table 3.1.4-1: Intra-band non-contiguous CA_2 uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_2A-2A
	25RB+25RB
	25.0 < Wgap ≤ 50.0
	61
	3
	FDD

	
	
	0.0 < Wgap ≤ 25.0
	251
	0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 45.0
	61
	3
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0
	

	
	25RB+75RB
	20.0 < Wgap ≤ 40.0
	61
	3
	

	
	
	0.0 < Wgap ≤ 20.0
	251
	0
	

	
	25RB+100RB
	20.0 < Wgap ≤ 35.0
	61
	3
	

	
	
	0.0 < Wgap ≤ 20.0
	251
	0
	

	
	50RB+25RB
	15.0 < Wgap ≤ 45.0
	104
	3
	

	
	
	0.0 < Wgap ≤ 15.0
	251
	0
	

	
	50RB+50RB
	15.0 < Wgap ≤ 40.0
	104
	3
	

	
	
	0.0 < Wgap ≤ 15.0
	251
	0
	

	
	50RB+75RB
	10.0 < Wgap ≤ 35.0
	104
	3
	

	
	
	0.0 < Wgap ≤ 10.0
	251
	0
	

	
	50RB+100RB
	10.0 < Wgap ≤ 30.0
	104
	3
	

	
	
	0.0 < Wgap ≤ 10.0
	251
	0
	

	
	75RB+25RB
	15.0 < Wgap ≤ 40.0
	125
	3
	

	
	
	0.0 < Wgap ≤ 15.0
	255
	0
	

	
	75RB+50RB
	15.0 < Wgap ≤ 35.0
	125
	3
	

	
	
	0.0 < Wgap ≤ 15.0
	255
	0
	

	
	75RB+75RB
	10.0 < Wgap ≤ 30.0
	125
	3
	

	
	
	0.0 < Wgap ≤ 10.0
	255
	0
	

	
	75RB+100RB
	10.0 < Wgap ≤ 25.0
	125
	3
	

	
	
	0.0 < Wgap ≤ 10.0
	255
	0
	

	
	100RB+25RB
	15.0 < Wgap ≤ 35.0
	126
	3
	

	
	
	0.0 < Wgap ≤ 15.0
	256
	0
	

	
	100RB+50RB
	15.0 < Wgap ≤ 30.0
	126
	3
	

	
	
	0.0 < Wgap ≤ 15.0
	256
	0
	

	
	100RB+75RB
	10.0 < Wgap ≤ 25.0
	126
	3
	

	
	
	0.0 < Wgap ≤ 10.0
	256
	0
	

	
	100RB+100RB
	10.0 < Wgap ≤ 20.0
	126
	3
	

	
	
	0.0 < Wgap ≤ 10.0
	256
	0
	

	NOTE 1:  1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=18.

NOTE 5:
5 refers to the UL resource blocks shall be located at RBstart=30.

NOTE 6:
6 refers to the UL resource blocks shall be located at RBstart=42.


Since in the above table there is a lot of redundant information, as the RB allocation is basically independent of the SCC bandwidth it is proposed to simplify the table as shown in Table 3.1.4-2:

Table 3.1.4-2: Intra-band non-contiguous CA_2 uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_2A-2A
	25RB+any SCC
	20.0 < Wgap
	61
	3
	FDD

	
	
	Wgap ≤ 20.0
	251
	0
	

	
	50RB+any SCC
	10.0 < Wgap
	104
	3
	

	
	
	Wgap ≤ 10.0
	251
	0
	

	
	75RB+any SCC
	10.0 < Wgap
	125
	3
	

	
	
	Wgap ≤ 10.0
	255
	0
	

	
	100RB+any SCC
	10.0 < Wgap
	126
	3
	

	
	
	Wgap ≤ 10.0
	256
	0
	

	NOTE 1:  1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=18.

NOTE 5:
5 refers to the UL resource blocks shall be located at RBstart=30.

NOTE 6:
6 refers to the UL resource blocks shall be located at RBstart=42.


3.2 Maximum input level
There is a general band independent specification of the Maximum input level for intra-band non-contiguous CA in chapter 7.4.1A of 36.101[2] with 2 * -25 dBm = -22 dBm. There is no specific requirement for band 2+2 NC CA, therefore the generic requirement can be re-used and there is no need to change that specification.
3.3 Adjacent Channel Selectivity (ACS)
There is a general band independent specification of the Adjacent Channel Selectivity (ACS) for intra-band non-contiguous CA in chapter 7.5.1A of 36.101[2]. There is no specific requirement for band 2+2 NC CA, therefore there is no need to change that specification.
3.4 Blocking characteristics
There is a general band independent specification of the various Blocking characteristics for intra-band non-contiguous CA in chapter 7.6.1.1A, 7.6.2.1A and 7.6.3.1A of 36.101[2]. There is no specific requirement for band 2+2 NC CA, therefore there is no need to change that specification.
3.5 Spurious response
There is a general band independent specification of the Spurious response for intra-band non-contiguous CA in chapter 7.7.1A of 36.101[2]. There is no specific requirement for band 2+2 NC CA, therefore there is no need to change that specification.
3.6 Intermodulation characteristics
There is a general band independent specification of the Intermodulation characteristics for intra-band non-contiguous CA in chapter 7.8.1A of 36.101[2]. There is no specific requirement for band 2+2 NC CA, therefore there is no need to change that specification.
4
Summary
This paper deals with the UE specific performance requirements for a band 2+2 NC CA device with one UL. We have shown that there is no need to change the TX specs and many of the RX specs. However, the REFSENS spec requires some work for the resource block allocations and the REFSENS requirement.
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