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1.  Introduction

The issues of 2UL 7A-7A and 66A-66A were originally raised in the last RAN4 meeting [3].

RAN plenary has agreed to include the 2UL non-contiguous intra-band CA combinations 7A-7A and 66A-66A into the basket work item [1]. However, until now there is only a single UL non-contiguous intra-band CA combination in 36.101, which is 4A-4A. At that time also 7A-7A was discussed in the WI, however, it was found that the intermodulation products of the PA between the two carriers will create severe interference in the receiver and also some power reduction is needed in order to fulfill the emissions requirements. Therefore only the combination 4A-4A was implemented into the spec as a dummy combination just to be able to close the WI, as the duplex distance is 400MHz and at least the intermodulation products falling into the receiver are therefore not so critical. But at that time everyone assumed that in reality this feature is not useful for phones due to the intermod issues.
2.  2UL 4A-4A in 36.101
Currently 2UL 4A-4A is the only combination in 36.101, since other combinations have been dropped due to the intermodulation products.

2.1 MPR for 2UL 4A-4A

For 2UL 4A-4A significant MPR has been defined to enable to fulfill the spectral emissions mask as well as these emissions requirements:

Table 6.6.3.2A-2: Requirements for intraband non-contiguous CA

	E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_4A-4A
	E-UTRA Band 2, 4, 5, 7, 10, 12, 13, 14, 17, 22, 24, 25, 26, 27, 28, 29, 30, 41, 43, 66, 70
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low
	-
	FDL_high
	-50
	1
	2

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2MHz + N x LCRB x 180kHz), where N is 2 or 3 for the 2nd or 3rd harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.


After the simulations in the WI phase these values for the MPR have been found and put into 36.101:
For intra-band non-contiguous carrier aggregation with two uplink carriers MPR is specified for E-UTRA CA configurations with a maximum possible WGAP ≤ 35 MHz; the allowed MPR is

MPR = CEIL {MN, 0.5}

where MN is defined as follows 
MN=

-0.125 N + 18.25

; 2 ≤ N ≤ 50

-0.0333 N + 13.67

; 50 < N ≤ 200

where N= NRB_alloc is the number of allocated resource blocks. Clause 6.2.3 does not apply in addition. E-UTRA CA configurations with a maximum possible Wgap > 35 MHz and their corresponding MPR are intended to form part of a later release.

This means that the maximum MPR is 18dB at two RBs while the smallest is at 200RBs with 7.01dB. For 50RB it is 12dB and 10.34dB at 100RB. So there is quite a lot of MPR defined. However, this is only calculated for the emissions requirements of band 4 where the minimum WGAP is 35MHz, for other bands this needs to be re-calculated.
Observation 1: There is always a MPR of not less than 7dB but up to 18 dB defined for 2UL 4A-4A

2.2 MSD for 2UL 4A-4A
For 2UL 4A-4A the intermodulation products above 19th order fall into the RX band as has been presented in [2]:
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Figure 1: Signal arrangement for 2UL CA 4A-4A

Although the intermodulation products have 19th order, they still can degrade the RX sensitivity. However, since there is in all cases of RB allocations MPR between 7 and 18 dB defined, the power reduction reduces the IM products enough in order not to see RX degradation. This is only possible due to the high order of the IMD of 19 due to the large distance between the highest RB on the transmit frequency (1754.66MHz) and the lowest RB on the RX frequency (2110.34MHz) of 355.68MHz.
Observation 2: No MSD for 2UL 4A-4A is only possible if high MPR is applied and because of the very large duplex gap resulting in the 19th order IMD

3.  2UL 66A-66A in the Basket intra-band CA WI
2UL 66A-66A has been agreed to be added to the intra-band CA WI in RP#73. Most likely it was just the thinking that band 4 and band 66 are similar, so band 66 should also work for 2UL. However, band 66 is wider, which results in worse performance.

3.1 MPR for 2UL 66A-66A

For 2UL 66A-66A there is nothing yet in the spec as it is in the WI phase. But it is useful to check the single UL out of band emissions requirements for band 66 to compare them to the 4A-4A requirements. We see that the requirements are almost the same: 

Table 6.6.3.2-1: Requirements

	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	66
	E-UTRA Band 2, 4, 5, 7, 10, 12, 13, 14, 17, 24, 25, 26, 27, 28, 29, 30, 38, 41, 43, 66, 70
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	-
	FDL_high
	-50
	1
	2


However, although the requirements are the same, it is more difficult to fulfill the emissions requirements, since the WGAP can be much larger than in band 4. The closest protected frequency is the RX band of band 2 starting at 1930MHz. The minimum intermodulation order to reach RX band 2 for 4A-4A 2UL is 7th order, while it is 5th order for band 66A-66A 2UL. It is expected that the MPR for 66A-66A will be higher than that for 4A-4A. Since 5th order intermod can be more than 10dB higher than 7th order intermod, perhaps 3-5dB more power reduction is required resulting in an estimated MPR of 10-23dB.
Observation 3: MPR for 2UL 66A-66A will be several dB larger than for 2UL 4A-4A
3.2 MSD for 2UL 66A-66A

For 2UL 4A-4A the intermodulation products of 19th order fall into the RX band, however, the bandwidth of band 66 is much wider, so WGAP can be much higher. The result is that lower order IMD products fall into the RX band. A calculation shows that now the 11th order IMD is falling into the RX band. Since 11th order IMD will be much larger than 19th order IMD, most likely MSD needs to be specified although the MPR needs to be higher as well.
Observation 4: Significant MSD is required for 2UL 66A-66A although higher MPR is applied since the narrower duplex gap and the larger bandwidth result in the 11th order IMD falling into the RX band
4.  2UL 7A-7A in the Basket intra-band CA WI

2UL 7A-7A has been agreed to be added to the intra-band CA WI in RP#72. Most likely it was just the thinking that band 4 non-contiguous intra-band 2UL CA is defined, so band 7 could just be added as any other band. But it’s not, since band 7 intentionally wasn’t defined in the 2UL intra-band NC CA WI because it cannot work in practice because of the worse IM performance. The problem is the small duplex camp compared to the bandwidth of the band.

4.1 MPR for 2UL 7A-7A

For 2UL 7A-7A there is obviously nothing yet in the spec as it is in the WI phase. But it is useful to check the single UL out of band emissions requirements for band 7 to compare them to the 4A-4A requirements. We see that the requirements are much tighter than for band 4: 

Table 6.6.3.2-1: Requirements

	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	7
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 20, 22, 26, 27, 28, 29, 30, 31, 32, 33, 34, 40, 42, 43, 65, 66, 67, 68
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2570 
	-
	2575
	+1.6
	5
	15, 21, 26

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	15, 21, 26

	
	Frequency range
	2595
	-
	2620
	-40
	1
	15, 21


At 2595MHz, just 25MHz above the TX band, we need to fulfil -40dBm/MHz. This is clearly in the domain of the 3rd order intermodulation, but 63dBm below the nominal output power. A rough first estimate would be that most likely additionally 5-10dB of power reduction could be required to fulfil this requirement. This makes 2UL NC CA in band 7 almost useless. 
Observation 5: MPR for 2UL 7A-7A will be significantly larger than for 2UL 4A-4A due to 3rd order IMD falling into protected bands
4.2 MSD for 2UL 7A-7A

For 2UL 7A-7A the intermodulation products of 3rd order fall into the RX band. Very high MSD needs to be specified, for example if the 3rd order IMD is 30dB below the carrier power, 50dB duplexer attenuation is assumed, there will be noise of 23dBm-30dB-50dB = -57dBm at the RX input. This would be a degradation of ~40dB compared to -97dBm Refsens for a 10MHz signal. Of course the MPR discussed in the chapter above will improve the situation, but still the MSD is expected to be more than 20dB.
Observation 6: Most likely >20dB MSD is required for 2UL 7A-7A although higher MPR than for 4A-4A is applied since 3rd order IMD is falling into the RX band
5.  Usefulness and cost of the 2UL NC feature
2UL CA only makes sense when the UE can transmit more RBs than a single carrier can deliver, i.e. more than 100RBs for 20+20MHz CA. However, the larger the RB allocation, the larger the transmit power needs to be to be able to reach the base station. Therefore the NC 2UL CA output power needs to be 3dB larger than the single carrier output power when going from 100RBs to 200RBs. However, in reality output power when switching to NC 2UL CA is reduced by many dBs instead of increased by 3dB. Therefore NC 2UL CA only gives an advantage in a very small distance around the base station (“sitting under the base station”) where the UE is not power limited. Additionally Refsens is severely degraded resulting in a degraded downlink performance. But if the UE is so close to the base station that it can reach the BS with such a low power, also the RX power will be significantly above Refsens. In that case degraded Refsens may not be an issue, since the UE anyway has to sit under the base station.
Observation 7: NC 2UL CA only gives a small advantage when the UE is sitting under the base station due to the high power reduction required
Implementing intra-band NC CA combinations 66A-66A and 7A-7A will result in a very high RF development, testing and type approval effort due to all the issues with IMD discussed above that have to be solved. These solutions will also add cost because additional components will be necessary for the implementation. Therefore device vendors will carefully judge how useful this use case is and compare it to the potential throughput gain. But the feature only gives a small advantage when the UE is placed under the BS due to the high MPR needed. Therefore it seems that the additional cost is high and the gain is low, so that most likely device vendors will skip this feature completely and focus on other features that have more gain for the user experience.
Observation 8: Most vendors will skip 2UL intra-band NC CA due to high cost and low gain of user experience of the feature. Especially 2UL 66A-66A and 2UL 7A-7A are not very useful due to high MPR required and high Refsens degradation
6.  Conclusion

In this contribution issues with intra-band NC 2UL CA combinations 66A-66A and 7A-7A are discussed. The following is observed:

Observation 1: There is always a MPR of not less than 7dB but up to 18 dB defined for 2UL 4A-4A

Observation 2: No MSD for 2UL 4A-4A is only possible if high MPR is applied and because of the very large duplex gap resulting in the 19th order IMD

Observation 3: MPR for 2UL 66A-66A will be several dB larger than for 2UL 4A-4A
Observation 4: Significant MSD is required for 2UL 66A-66A although higher MPR is applied since the narrower duplex gap and the larger bandwidth result in the 11th order IMD falling into the RX band
Observation 5: MPR for 2UL 7A-7A will be significantly larger than for 2UL 4A-4A due to 3rd order IMD falling into protected bands
Observation 6: Most likely >20dB MSD is required for 2UL 7A-7A although higher MPR than for 4A-4A is applied since 3rd order IMD is falling into the RX band
Observation 7: NC 2UL CA only gives a small advantage when the UE is sitting under the base station due to the high power reduction required
Observation 8: Most vendors will skip 2UL intra-band NC CA due to high cost and low gain of user experience of the feature. Especially 2UL 66A-66A and 2UL 7A-7A are not very useful due to high MPR required and high Refsens degradation
Proposal: Remove 2UL NC intra-band CA 7A-7A and 66A-66A from the Intra-band CA work item due to severe intermodulation issues and the rather small or non-existent gain of user experience.
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