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1
Introduction
In RAN #67 new CA work item for CA_7A-20-38A was approved [1]. Where
The purposes and objectives of this work item are: 
· Specify core RF requirements for three (3) band (DL) carrier aggregation and 1UL band for B7+B20+B38.
· The following table represents the bandwidth combination set that shall be specified:

	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_B7A-B20A-B38A
	7
	
	
	
	Yes
	Yes
	Yes
	60
	0



	
	20
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	38
	
	
	Yes
	Yes
	Yes
	Yes
	
	


· The UL carrier (Pcell) shall be specified only for Band 20 in this combination.

· Specify core RF requirements for the following 2-band DL carrier aggregation and 1 UL band for the combination B20+B38.

· The following table represents the bandwidth combination set that shall be specified:

	CA operating / Channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_20A-38A
	20
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	38
	
	
	Yes
	Yes
	Yes
	Yes
	
	


· The UL carrier (Pcell) shall be specified in all bands for this combination.

· For the UE supporting the B7+B20+B38 DL CA combination:

· Specify that the B20+B38 DL CA combination and bandwidth combination set 1 of the existing B7+B20 DL CA combination shall be supported by the UE.

2
Discussion

2.1 Frequency arrangement

CA_7A-20A-38 aggregates one low band (800 MHz) with two high bands (2.7 GHz). Aggregation of one low band with two high bands is not unusual and can be done with diplexer combining low band duplex-filter with quadplexer combining the high bands. However for this particular case the high bands i.e. band 7 and band 38 are adjacent to each other without a guard band, see Figure 1.
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Figure 1: Frequency arrangement

The fact that these bands do not have frequency separation makes it impossible to design a quadplexer thus conventional CA approach is not feasible.

Table 1 presents the harmonic analysis for band 20 UE transmitter. It can be seen that third harmonic signal will parley overlap with band 38 in frequency range 2570 – 2586 MHz. This means that the usage of harmonic trap filter and MSD needs to be discussed.
Table 1 Band 20 Tx harmonics

	UE UL carriers
	fx_low
	fx_high

	UL frequency (MHz)
	832
	862

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high

	2nd harmonics frequency limits (MHz)
	1664
	1724

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high

	3rd harmonics frequency limits (MHz)
	2496
	2586


2.2 UE architecture

In WID [1] it is stated that when UE is operating in CA_7A-20A-38A mode then only band 20 can be Pcell. This restriction gives some possibilities with UE architecture to overcome the fact that 7+38 Quadplexer is not possible. Having only band 20 as Pcell gives following advantages
· No need to aggregate band 7 uplink

· No need to have isolation between band 7 downlink and band 38

With this in mind following UE architecture could be considered, see Figure 2.
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Figure 2: UE architecture
Basic idea is that in downlink CA mode CA_7A-20A-38A UE uses band 20 duplex-filter and a passband filter covering frequency range of band 7RX + band 38 which is 2570 – 2690 MHz. Output of band 7RX + band 38 needs to be split into two independent receiver chains exactly same manner as in non-contiguous intraband CA receiver.
Alternative to dedicated band 7RX + band 38 filter would be to use B41 filter and CA_41A-41A receiver. This would be very attractive form cost and implementation point of view. Disadvantage of this solution is that as B41 filter is wider than band 7RX + band 38 –filter it does not provide as good protection to receiver.

In addition to this 7RX + band 38 – filter UE needs normal band 7 duplex-filter and band 38 filter which are used in single band operation. Similarly when UE falls back to 2DL CA modes CA_7A-20A and CA_20A-38A these normal filter are used together with band 20 duplex-filter.

2.3 Filter

There is no data available at the moment for Band 38+7Rx filter.
Band 41 filters which can tolerate Tx power are typically based on for example BAW. However recently SAW based B41 filters have come to market [2], see Figure 3, which can tolerate Tx powers. Alternative is to use Rx filters which can be made more easily with SAW technology and could be used also in CA configuration as bands 7 or 38 are not transmitting.
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Figure 3: Band 41 SAW filter
2.4 Specification issues

2.4.1
Sensitivity and dTib/dRib
Band 38 reference sensitivity is two dB tighter compared to band 7 reference sensitivity. For CA operation in CA_7A-20A-38A both bands 7 and 38 are received trough same filter thus it seems to be reasonable to assume same reference sensitivity level for both bands. Interband CA reference sensitivity is defined by referring to single band reference sensitivity table thus it is difficult to define same sensitivity for bands 7 and 38 in CA as single carrier baseline is 2 dB different. One solution is to use dTib for band 38 to compensate the sensitivity difference to band 7. 

If band 41 filter is assumed to be used can be noted that Band 41 has same reference sensitivity as band 7 thus it seems possible to meet band 7 requirements with band 41 filter. For band 38 this would mean 2 dB relaxation. Additional dRib relaxation might be needed because of common diplexer.
2.4.2
OOB

Out of band blocking requirements starts 15 MHz away from operating bands edge (range 1)  and with that offset UE needs to be able to receive signals which are 6-9 dB above REFSENS level in presence of CW interferer with a level of – 44 dBm. Once the interferer frequency offset from band edge is 60 MHz (range 2) interferer level is increased to -30 dBm and finally interferer offsets of 85 MHz or larger (range 3) interferer level is – 15 dBm.

Normal way of defining the CA OOB requirement is that all bands are tested separately i.e. band 20, band 7 and band 38 are tested against OOB requirement individually. Which is logical as normally each band has dedicated filter and OOB test verifies its capabilities. However for CA_7A-20A-38A bands 7 and 38 are aggregated using one filter which is common for both bands. If one would test band 38 OOB the normal way it would mean that range 1 frequency range would be totally inside band 7 and also part of range 2 frequency range would be inside band 7. In this case there would be no attenuation available from the band pass filter to attenuate the blocker power. Hence it would seem feasible to define the OOB tests frequency ranges relative to Band 38 + Band 7RX aggregated bandwidth to match the actual filter implementation.
If band 41 filter is assumed as reference design then further consideration might be needed how the OOB frequency ranges are defined. One could even argue that OOB test can be skipped for bands 7 and 38 and B41 filter is already tested during B41 OOB test.
3
Summary
In this contribution we discuss UE design and specification aspects of CA_7A-20A-38A.
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