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1 Background
In this contribution we discuss the specification of class A2 combinations and the use of a harmonic trap filter (HTF). It appears difficult to adopt a single approach for all bands, but the HTF should at least be avoided for core roaming bands such as Band 3 due to the impact on the output power performance. We also consider signaling of HTF capability in the UE radio access capability.

2 Requirements for class A2 in the core specifications
Originally, a combination of class A2 was defined as a band combination with a harmonic relation between the low TX band and the high RX band. To this end, exceptions to the standard REFSENS requirements are allowed in clause 7.3.1A when at least one individual RE within the uplink transmission bandwidth is such that its nth order harmonic transmitter harmonic falls within the downlink transmission bandwidth of a high band.  Otherwise the standard REFSENS requirement applies. Most of the class A2 combinations specified thus far include Band 4 and Band 12 for which the use of an HTF was assumed; the only exception is CA_3A-8A for which no MSD were specified based on the operator holdings considered at the time.
The harmonic relation between the low RX band and high RX band can also be an implementation issue but was not granted exceptions. However, it is more difficult not to consider the impact of the harmonic mixing described in [1]. This case could also be covered in the table of exceptions as shown in Table 1 below for the example of CA_20A-40A. The MSD values for the low band would be large, but would indicate the problem for deployments. If simultaneous Rx/Tx is allowed, one way to get around the problem is to allocate the Pcell in the low band for operator holdings in the problematic range of the high band. 
Table 1 (Table 7.3.1A-0a in 36.101): exceptions for harmonic mixing
	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_4A-12A5,6
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5,6
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	CA_2A-4A-12A5
	2
	
	
	-97.7 
	-94.7
	-92.9
	-91.7
	FDD

	
	4
	
	
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-4A-12A5
	4
	
	
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-5A-12A5
	4
	
	
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	5
	
	
	-97.5
	-94.5
	
	
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-12B5
	4
	
	
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_18A-28A7
	18
	
	
	-100
	-97
	-95.2
	
	FDD

	
	287
	
	
	-94
	-92.5
	
	
	

	CA_20A-40A8
	20
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	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 the low band (superscript LB) such that 
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NOTE 7:
Supported frequency range of Band 28 for this CA configuration is limited as specified in Table 5.5A-2.
NOTE 8:
These requirements apply when the DL EARFCN of the low band is such that the third harmonic [condition on the high band UL EARFCN when the UL is active in the high band].  


For handling the TX harmonics falling in the high RX band, there are essentially three methods for capturing the requirements for a class A2 combination in the 36.101:

1. No requirements when a harmonic relation occurs, the present for CA_3A-8A;

2. MSD when a harmonic relation occurs without an assumed HTF 

3. MSD when a harmonic relation occurs with an assumed HTF, the present for CA_4A-12A.

The option 1 would be based on current operator holdings for the combination. However, the specification would become incomplete if the said spectrum holding change at a later stage or if a particular combination is proposed for commercial introduction in another region with different spectrum holdings. 
In general, the applicability of the core requirements should be specified in 36.101 (RAN5 can sometimes make consideration of operator holdings for the conformance specifications 36.521-1 while recognising that the core specifications are more general). Specifying the exceptions as N/A just as for CA_3A-8A is one way for implicitly defining the applicability in 36.101 for option 1, but a better would be to state the actual frequency ranges for which the standard REFSENS requirements apply. One way is shown in Table 2.
Table 2: applicability of REFSENS requirements for A2 [option 1]
	EUTRA CA Configuration
	EUTRA band
	DL frequency ranges

	CA_3A-8A
	3
	

	
	8
	< such that TX harmonics do not occur >


The upside for combinations specified according to option 1 is the absence of a harmonic filter, but in addition to an incomplete specification, this could be viewed as a problem by other operators should the combination be used elsewhere with different spectrum holdings at a later stage.  Moreover, the low band, e.g. Band 8 for CA_3-8, may become part of another combination supported by the UE such as CA_7-8 for which a filter and a requisite MSD specification would be desired. 
Option 1 is not attractive. For most combinations it therefore appears reasonable to specify an MSD either according to option 2 or 3.
3 MSD 
The downside of a HTF is the penalty on the output power performance of the low band for all modes of operation. Moreover, the PCB isolation must be large in order to benefit from the harmonic filter rejection. Two of the main contributions to the MSD in the high band are shown in Figure 1 for a general class A2 case.

[image: image5.png]TXand 3rd
order TX _\ /_

SwW SwW

Harmonic
trap

Xand 3rd
i order TX

v Buffer TX

High band Low band High band




Figure 1: sources of harmonic distortion for class A2 combinations.
The non-linearity in the low-band PA is the main source of 3rd order harmonics if large PCB isolation can be achieved. Careful PCB design and special countermeasures on the PCB need to be taken into account to fulfill the standard REFSENS requirements without MSD. These efforts could possibly be motivated if MSD occurs in a large part of the high RX band. 
RAN4 is now considering use of HTF for the Band 4 + Band 12, Band 1 + Band 28, Band 4 + Band 28 and Band 7 + Band 8 combinations. Band 8 and Band 28 are expected to be roaming bands that may be part of front-end modules; a HTF filter would thus degrade the TX performance for these bands for all use cases. The same applies for Band 3 in combinations with Band 42.

One possibility could be to consider HTF (option 3) only for regional or operator-specific bands, and avoid the HTF (option 2) for global roaming bands such as Band 3, Band 8, Band 26 and Band 28. This may also facilitate support of Pcell operation in these low bands, the MSD is perhaps the main reason that support is not possible all uplink bands.
4 Signalling of HTF support
It has been proposed that the UE would indicate presence or absence of a HTF in its UE capability for the eNB to consider for its scheduling. Presumably, this would be against two different sets of requirements depending on the HTF capability. However, specification of normative requirements both with and without HTF is not feasible for a single combination since these requirements may be conflicting. 

It is not clear how the eNB would use the HTF capability information. MSD applies at maximum output power, but the relation between the power headroom report in the low band and the received level (e.g. high-band CQI) in the high band is not obvious, propagation loss differs between the cells and the BS may not even be co-sited. Moreover, the actual MSD and sensitivity performance may vary substantially between UEs irrespective of the HTF capability.
Avoiding PRB allocations that cause MSD is possible regardless of the HTF capability. One other aspect is that the UL signalling grant for sub-frame n is sent in subframe n – 4 on the low band, ahead of the DL grant for the victim channel in the high band. Hence additional value of the HTF capability signalling is not obvious.
4
Conclusion 
The applicability of the class A2 combinations should be specified in the core specifications. MSD should be specified for all combinations unless the harmonic overlap in the high band is very small (then N/A). Cases of harmonic mixing could also be included even if the MSD for the low band is very large but nevertheless provides useful information for deployments. 
For the case of harmonic trap filters (HTF), the following could be considered:

1. HTF is not assumed for core roaming bands like Band 3, Band 8, Band 26 and Band 28

2. HTF could be considered for regional bands.

This would minimize the penalty on the output power performance of the low band. Minimum requirements could still be specified to allow implementation of HTF (not using a large relaxation). Moreover, support of operation of the Pcell (UL) in all bands of a band combination would be more feasible.
Signaling of the HTF capability seems to be of limited value and should be avioded.
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