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1. Introduction
On UE capability regarding a Harmonic Trap Filter (HTF), RAN2 at the #93 meeting received a reply LS from RAN4 to answer our questions as shown below [1].
Q1:
What should the maximum number of different additional Rx and Tx performance requirements be for each CA band combination? 

A1:
The capability will be utilized for identifying the presence or absence of HTF. Therefore 1-bit capability (i.e. the maximum number is “2”) is adequate for the additional requirement.

Q2:
Would there be the different additional requirement depending on which band is used for PCell or PSCell?

A2:
There is no different additional requirement depending on which band is used for PCell or PSCell.

Q3:
If more than one additional requirement is defined for a CA band combination, whether the UE should be able to indicate one performance requirement or multiple requirements per band combination?

A3:
Indication of single performance requirement is assumed although multiple RF requirements (up to 2) are specified in TS 36.101 depending on CA configurations.
This paper discusses how the HTF capability should be implemented in accordance with the RAN4 feedback. This paper also attempts to provide an example of how the eNB can utilise this HTF capability reported from the UE.
2. Discussion
2.1. Usage of HTF capability
The necessity of HTF for a certain CA band combination is to cope with harmonics. The harmonics issue discussed in the context of CA was the interference to some DL CC(s) due to n-th order harmonics of UL transmission on a UL CC within a UE. Even for the same CA band combination, whether the interference due to harmonics exists or not depends on spectrum allocation for each operator. As such, the necessity of HTF is different among operators for the same CA band combination. Furthermore, the interference level due to harmonics may be changed even for the same operator, e.g., by obtaining an additional spectrum belonging to the existing frequency band. In that case, the necessity of HTF may be changed after defining a CA band combination into the standard. 
If the eNB knows that the HTF is not installed and assumes that the harmonics interference exists inside the UE without any protection, the eNB may not configure the concerning band combination at all. Or the eNB may configure the concerning band combination only if the pathloss is quite small and the resulting harmonics are negligible to the received DL signal from the eNB. The geographical area fulfilling such a condition is likely to be limited. In contrast, if the eNB can learn that the HTF is equipped with the UE, the eNB could enlarge the geographical area where the concerning band combination would not deteriorate the receiver sensitivity of the UE. This could help to improve the DL throughput perceived by users. As such, the following can be observed.
Observation:
By learning the HTF capability, the eNB can minimise the interference level due to harmonics when CA is configured, resulting in improving the DL throughput perceived by users.
2.2. Implementation of HTF capability
According to the RAN4 feedback, the HTF capability merely indicates whether HTF is present or not per CA band combination. On the other hand, the presence or absence of HTF is not described in the RAN4 specification, TS 36.101. Instead, it is described as Rx and Tx requirements as shown below.
-
TIB,c: additional tolerance for serving cell c if the UE supports inter-band CA with UL assigned to one or two bands as specified in Table 6.2.5-2 (two bands) and 6.2.5-3 (three bands).

-
RIB,c: Increased amount of reference sensitivity for QPSK if the UE supports inter-band CA with UL assigned to one or two bands as specified in Table 7.3.1-1A (two bands) and 7.3.1-1B (three bands).

-
MSD (Maximum Sensitivity Degradation) as specified in Table 7.3.1A-0f.
When a new CA band combination is introduced, these values are also determined by the presence or absence of HTF. If it is changed later, an additional Rx and Tx requirement will be introduced taking the absence or presence of HTF into account. In that sense, the HTF capability should indicate whether an additional Rx and Tx requirement is supported per CA band combination. This HTF capability should be able to be reported for all CA band combinations no matter how many CCs are supported. To do this, the HTF capability should be included in both the legacy format up to 5 CCs and the new format beyond 5CCs. UE capabilities on eBF/FD-MIMO discussed under the email discussion [93#46] are supposed to be introduced in the same way. Therefore, the ASN.1 implementation should be aligned between these two CRs. Consequently, the followings are proposed.
Proposal 1:
A UE capability bit to indicate support of an additional Rx and Tx requirement is introduced per CA band combination in Rel-13.
Proposal 2:
The capability bit of the additional Rx and Tx requirement is included in both the legacy and new band combination formats.
3. Summary and proposal
In summary, the followings were observed or proposed in this paper.
Observation:
By learning the HTF capability, the eNB can minimise the interference level due to harmonics when CA is configured, resulting in improving the DL throughput perceived by users.

Proposal 1:
A UE capability bit to indicate support of an additional Rx and Tx requirement is introduced per CA band combination in Rel-13.

Proposal 2:
The capability bit of the additional Rx and Tx requirement is included in both the legacy and new band combination formats.
Rel-13 CRs to 36.331 and 36.306 are provided for this meeting as in [2, 3].
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