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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 partly 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 [2] it was discussed that a specific band 7RX + band 38 filter could be used as a receive filter and as an alternative a usage of band 41 filter was also mentioned. Usage of band 41 filter got more support than usage of dedicated band 7RX + band 38 filter as it is readily available and as can be shared with band 41 operation is is more cost effective solution as well. UE architecture using band 41 filter and band 41 non-contiguous intraband CA receiver is presented in figure 2.
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Figure 2 UE architecture with B41 filter
Proposal 1: Band 41 filter is used when defining CA_7A-20A-38A receiver requirements for bands 7 and 38.

2.3 REFSENS
In Table 2 we compare maximum insertion loss values for band 7, 38 and 41 duplex filters from data sheets which are available freely in internet. Insertion loss values are guaranteed under extreme temperature but may not all contain manufacturing variations. Insertion loss of dedicated band 7RX + band 38 filter is not know as it does not exists.

Table 2 Comparison of maximum insertion loss in dB

	Band 7
	Band 38
	Band 41

	3
	2.5
	3.6

	3.3
	2.5
	3.8

	 
	3
	

	 
	3.2
	


In Table 3 we compare current REFSENS requirement for bands 7, 38 and 41 and can observe that bands 7 and 41 have same REFSENS definition whereas band 38 has 2 dB more stringent requirement which used to be the de facto standard requirement for TDD bands.

Table 3 REFSENS requirement for bands 7, 38 and 41
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD


Because of haronic relation between bands 20 and 38 further analysis for B38 MSD is needed and how it is captured into specification.

Proposal 2: For CA_7A-20A-38A band 7 and band 38 baseline REFSENS is defined to be same as for band 41 i.e -98 for 5 MHz channel. Possible B38 MSD requirement is FFS.
2.4
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 would be aggregated using band 41 filter which is common for both bands. Band 41 filter is so wide that when testing band 7 OOB then also range 3 frequencies would be inside the filter pass band. 

For bands 42 and 43 RAN 4 agreed to relax the OOB blocking requirement to allow more filtering options [3], similar approach could be used here and with a note indicate modified frequency range 3. Another option is to skip the OOB testing for bands 7 and 38 when used in CA_7A-20A-38A mode. Band 7 and 38 single band OOB would be tested as usual and UE is using dedicated filter for band 7 and 38. Band 41 filter performance is tested with band 41 OOB test.
Proposal 3: No OOB requirement is defined for bands 7 and 38 when used in CA_7A-20A-38A CA mode.

2.5
Relaxations

If band 41 filter is used then this CA configuration becomes from additional insertion loss point of view normal low-high combination i.e. dTib = 0.3 dB for all bands and dRib = 0. However the easiest way of adopting band 41 REFSENS to band 38 if that is the agreement is using 2 dB dRib. 
Further more if the usage of harmonic trap filter is assumed that will increase the relaxations for bands 20.
Proposal 4: dTib for band 20 = FFS, band 7 = 0.3 dB and band 38 = 0.3 dB.

Proposal 5: dRib for band 20 = 0 dB, band 7 = 0 dB and band 38 = 2 dB
3
Summary
In this contribution we discuss UE design and specification aspects of CA_7A-20A-38A and made following proposals.
Proposal 1: Band 41 filter is used when defining CA_7A-20A-38A receiver requirements for bands 7 and 38. Possible B38 MSD requirement is FFS.
Proposal 2: For CA_7A-20A-38A band 7 and band 38 REFSENS is defined to be same as for band 41 (i.e -98 for 5 MHz channel).
Proposal 3: No OOB requirement is defined for bands 7 and 38 when used in CA_7A-20A-38A CA mode.

Proposal 4: dTib for band 20 = FFS, band 7 = 0.3 dB and band 38 = 0.3 dB.

Proposal 5: dRib for band 20 = 0 dB, band 7 = 0 dB and band 38 = 2 dB
4
References

[1] RP-150433, New Work Item Proposal: LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 7, Band 20 and Band 38, Vodafone, RAN#67 

[2] R4-151330, CA_7A-20A-38A UE aspects, Nokia Networks, RAN4#74bis

[3] R4-152409, 3.5 GHz out-of-band blocking, Qualcomm Incorporated, Huawei, Intel Corporation, Microsoft Corporation, Nokia Networks, Sequans, Samsung, ZTE, Sony Mobile, RAN4#74bis
Band 20
Band 7
Band 41
SW
SW

Band 38

B20 Tx
B20 Rx
B7 Tx
B41 non-contiguous CA receiver
B38 Tx/Rx





HTF



