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1
Introduction

The CA_3-7-8 band was approved as a work item at RAN#66 [1]. This contribution contains a text proposal for the UE requirements for CA_3A-7A-8A, along with a general discussion on the handling of exceptions for combinations where harmonic distortion may affect two high bands of the combination like for CA_3-7-8.
2
Transmitter and receiver relaxations
At a first glance it is easy to derive the transmitter and receiver relaxations based on the existing 2DL combinations folling the way-forward for deriving these requirements. The ΔTIB,c for the relevant 2DL combinations are listed in Table 1 and the resulting ΔTIB,c for CA_3A-7A-8A in Table 2. We take the maximum also for the sub-GHz band since a harmonic filter is assumed for suppression of 3rd harmonics of Band 8 falling into Band 7. On the contrary, it is not assumed that a filter is used for suppression of 2nd harmonics falling into Band 3, whence there is no conflict.
Table 1 (Table 6.2.5-2 in 36.101): ΔTIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-7A
	3
	0.5

	
	7
	0.5

	CA_3A-7C
	3
	0.5

	
	7
	0.5

	CA_3C-7A
	3
	0.5

	
	7
	0.5

	CA_3A-8A
	3
	0.3

	
	8
	0.3

	CA_3A-8A
	7
	0.3

	
	8
	0.6

	NOTE 1:
[…]



Table 2: ΔTIB,c for CA_3A-7A-8A
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_3A-7A-8A
	3
	0.5

	
	7
	0.5

	
	8
	0.6

	NOTE 1:
[…]



Based on the data in Table 3, the resulting ΔRIB,c for CA_3A-7A-8A is listed in Table 4.
Table 3 (Table 7.3.1-1A in 36.101): ΔRIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_3A-7A
	3
	0

	
	7
	0

	CA_3A-7C
	3
	0

	
	7
	0

	CA_3C-7A
	3
	0

	
	7
	0

	CA_3A-8A
	3
	0

	
	8
	0

	CA_7A-8A
	7
	0

	
	8
	0.2

	NOTE 1:
[…]




Table 4: ΔRIB,c for CA_3A-7A-8A
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_3A-7A-8A
	3
	0

	
	7
	0

	
	8
	0.2

	NOTE 1:
[…]




While it is easy to derive the requirements, the allowed exceptions for harmonics display the inconsistency in handling different bands: for some harmonics filter are assumed whereas for others no requirements (N/A) are specified when harmonics occur. Table 5 and Table 6 show the exceptions allowed for CA_3A-7A-8A. Looking at the frequency ranges of the bands, 2nd harmonics of Band 8 fall into Band 3 for 902-915 MHz and 3rd harmonics into Band 7 for 880-896 MHz. Hence, following the note that “[…] requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd [or 2nd] transmitter harmonic is within the downlink transmission bandwidth of a high band”, then there is no overlap and exceptions will not be allowed in the high bands simultaneously. However, in practice, desensitization may also occur if the harmonic product falls just outside of the victim receiver channel. Therefore, for channels overlapping the range 896-902 MHz, desense may still occur in both Band 7 and Band 8 simultaneously for unfortunate operator allocations.
Table 5: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_7A-8A5,6
	7
	
	
	
	-87.4
	-87
	-86.7
	FDD

	
	8
	
	-99
	-96.8
	-93.8
	
	
	

	CA_3A-7A-8A4,5,6
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	7
	
	
	
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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NOTE 7:
[…]


Table 6: Uplink configuration for the low band (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_3A-7A-8A
	8
	
	
	
	16
	25
	25
	

	CA_7A-8A
	8
	
	
	
	16
	25
	25
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


The inconsistency of the requirements could be removed by specifying an MSD instead of N/A for all cases even if a harmonic trap is not used. The problem for combinations like CA_3-7-8 is that harmonic rejection should be achieved in two different high bands, which affects the insertion loss for the low (aggressor) band. One way for reducing MSD could be to ask for tighter requirements of the duplex filter attenuation at victim frequencies without using a trap; there are many contributions to the MSD but the PA is the worst culprit, its harmonic products can be reduced by increasing the duplexer rejection if the PCB isolation is good enough. For CA_3-8, Band 8 duplex filters typically achieve an attenuation exceeding 35 dB at the victim Band 3 RX in addition to the diplexer attenuation; see the examples in Figure 1 (SAW unbalanced) and Figure 2 (FBAR unbalanced). The MSD in Band 3 would still be substantial but reduced by the duplex filter rejection until other contributions become significant; we then avoid the “N/A”.
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Figure 1: SAW TX filter for Band 8.
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Figure 2: FBAR TX filter for Band 8.
3
Exceptions in more than one high band
How to treat the case when harmonics fall in more than one high band? This may also occur simultaneously if the operator allocation is very unfortunate, e.g. for 3 + 8 + 42 if this combination would be used (perhaps less likely but there could be others in the future). We may not only ask for front-ends with a capacity of simultaneously rejecting harmonics in multiple victim bands, the specification may also become complicated. However, from a performance standpoint, it may suffice with a “high-performance” duplex filter for rejecting harmonics in one high band while a harmonic trap is used for another high band, for example. 
From a specifications perspective, changes may be needed in case harmonics fall into more than one DL band. Today the uplink allocation is tailored to the bandwidth of the victim RX channel (one third of the bandwidth for 3rd harmonics), but this may not fit the bandwidth under test in the other high band. One way is to choose the UL allocation for the low band according to the maximum for the Rel-8 tests if possible for the bandwidth configured in the low band, see Table 7 for CA_3A-7A-8A. There are obviously other alternatives – the problem is that one and the same MSD should apply regardless of the channel bandwidth configured in the low (aggressor) band.
Table 7: Uplink configuration for the low band (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_7A-8A
	8
	
	
	
	25
	25
	25
	FDD

	CA_3A-7A-8A
	8
	
	
	
	25
	25
	25
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


This could also be used for all other band combinations for consistency.
4
Discussion
The exceptions for harmonics for CA_3A-7A-8A relevant for both Band 3 and Band 7 display the inconsistency in handling exceptions for different bands: for some harmonics filter are assumed whereas for others no requirements (N/A) are specified when harmonics occur. Furthermore, in case harmonics fall into more than one uplink band, the uplink allocation is not obvious as this should be governed by the bandwidths in all victim bands (ambiguity if bandwidths are unequal). 
5
Proposal
We propose to include the text below into the latest version of TR 36.8xx for 3DL WI (Rel-13). The text proposal only contains the proposed transmitter and receiver relaxations and the exceptions allowed.
References 

1. LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 3, Band 7 and Band 8 (WID), RP-142013
TEXT PROPOSAL:

<start of text proposal>
6.x
LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 3, Band 7 and Band 8
6.x.1
Operating bands for CA

Table 6.x.1-1: 3DL Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_3A-7A-8A
	3
	1710
	–
	1785
	1805
	–
	1880
	FDD

	
	7
	2500
	–
	2570
	2620
	–
	2690
	

	
	8
	880
	–
	915
	925
	–
	960
	


6.x.2
Channel bandwidths per operating band for CA

Table 6.x.2-1: Supported E-UTRA bandwidths per CA configuration for 3DL inter-band CA
	E-UTRA CA configuration / Bandwidth combination set

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

[MHz]
	Bandwidth combination set

	CA_3A-7A-8A
	3
	
	
	Yes
	Yes
	Yes
	
	40
	0

	
	7
	
	
	
	Yes
	Yes
	
	
	

	
	8
	
	
	Yes
	Yes
	
	
	
	

	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	50
	1

	
	7
	
	
	
	Yes
	Yes
	Yes
	
	

	
	8
	
	
	Yes
	Yes
	
	
	
	

	NOTE 1:   For the UE that signals support of a 3DL CA bandwidth combination set, the UE shall support all single carrier channel bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 and all the 2DL CA bandwidth combination sets in Table 5.6A.2-1 of  TS 36.101 whose channel bandwidths are entirely covered by the signaled 3DL CA bandwidth combination set.


NOTE: 
For the UE that signals support of any bandwidth combination set for carrier aggregation, the UE shall support all single carrier bandwidths for the constituent bands as defined in table 5.6.1-1 of  TS 36.101 [4] when operating in single carrier mode 
6.x.3
Harmonics and IMD study
< text to be added >

6.x.4
ΔTIB,c and ΔRIB,c
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.x.4-1.
Table 6.x.4-1: ΔTIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c Inter-band with one active UL serving cell [dB]

	CA_3A-7A-8A
	3
	0.5

	
	7
	0.5

	
	8
	0.6


For the UE which supports inter-band carrier aggregation configuration in Table 6.x.4-2 with uplink in one E-UTRA band, the minimum requirement for reference sensitivity in Table 7.3.1-1 (TS 36.101) shall be increased by the amount given in ΔRIB,c in Table 6.x.4-2 for the applicable E-UTRA bands.
Table 6.x.4-2: ΔRIB,c for 3DLs aggregation
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c Inter-band with one active UL serving cell [dB]

	CA_3A-7A-8A
	3
	0

	
	7
	0

	
	8
	0.2


There is a harmonic relation between the Band 8 UL band and the Band 3 DL and Band 7 DL bands. Looking at the frequency ranges of the bands, 2nd harmonics of Band 8 fall into Band 3 for 902-915 MHz and 3rd harmonics into Band 7 for 880-896 MHz. This does not account for the fact that desensitization can occur when the harmonics falls just outside the bandwidth of the victim channel in the high bands. The frequency ranges of Band 8 UL operation for which harmonics may be significant in the high bands may therefore be wider.
Exceptions are allowed and already specified for the fallback mode CA_7A-8A, whereas no requirements apply when harmonics fall into Band 3 DL for the CA_3A-8A configuration. The exceptions for CA_3A-7A-8A therefore follow from CA_7A-8A and are given in Table 6.x.4-3 and Table 6.x.4-4.
Table 6.x.4-3: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_7A-8A5,6
	7
	
	
	
	-87.4
	-87
	-86.7
	FDD

	
	8
	
	-99
	-96.8
	-93.8
	
	
	

	CA_3A-7A-8A4,5,6
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	7
	
	
	
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
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Table 6.x.4-4: Uplink configuration for the low band (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_7A-8A
	8
	
	
	
	16
	25
	25
	FDD

	CA_3A-7A-8A
	8
	
	
	
	16
	25
	25
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


<end of text proposal>
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