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1. Introduction
At RAN4 #76bis, RAN4 agreed to apply different RF requirements in terms of Rx and Tx performances for the same CA configuration due to harmonics. The agreement was informed to RAN2 in the LS [1]. RAN2 is asked to introduce a new UE capability signalling to identify the RF requirement applied for a CA configuration. This paper attempts to explain the background of RAN4 decision and discuss the implementation of the UE capability. This paper also discusses how the capability signalling should be implemented in relation with the on-going discussion of UE capabilities for 32 CC CA.
2. Discussion
2.1. Background
RAN4 discussed the necessity of a Harmonic Trap Filter (HTF) for a certain CA band combination to cope with harmonics (e.g., [1]). 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 the HTF is different among operators for the same CA band combination. To recognise that the HTF is equipped with the UE, introducing a new UE capability was proposed [1, 2].  It was merely noted when discussed at first. However, RAN4 recently revisited the proposal when mandatory or optional support of PCell was discussed [4]. For some band combinations, mandatory support of PCell was thought as challenging due to the harmonics issue. As a consequence, mandatory or optional support is different depending on the specification release for some band combinations. To address different implementation in different releases, RAN4 agreed to introduce a UE capability signalling implying whether the HTF is installed or not [4].
RAN4 also discussed how the eNB can use this capability signalling. 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.
2.2. Implementation of UE capability signalling
The RAN4 LS informs of the following agreements which drops a hint of signalling design to us [1].
· A UE capability for CA aggregation is newly introduced to identify different RF requirements for CA configurations belonging to Class A2.
· The capability signalling should indicate the Tx and Rx performance requirements based on a certain implementation which the UE supports for a given CA band combination.
· Note that the Tx and Rx performance requirements associated with this different implementation are defined in Section 6.2.5A and 7.3.1 in TS 36.101.
· The UE is not required to indicate the capability for the already existing requirement for which the corresponding CA configuration was introduced and specified.
· If the UE supports the different requirement than the existing requirement, it is indicate by the new UE capability.
In terms of the Rx and Tx performance requirements, the following values specified in TS 36.101 are relevant.
-
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.
An example is provided as to how the different Rx and Tx performance requirements can be specified in TS 36.101 in [5] although they have yet to be specified. For reference, the example is shown in the Annex section of this paper.
From the current specified requirements, the UE only supports one Rx and Tx performance requirement for a given band combination. Given that the Rx and Tx performance requirements are to be indexed as in [5] (see the Annex section), integer value can be used to indicate the supported performance requirement by the UE. On the other hand, the existing requirement specified for a band combination is not to be indexed as in [5] since the UE is not required to indicate it by the new UE capability according to the RAN4 LS. One open issue is the maximum number of the Rx and Tx performance requirement which was not provided in the RAN4 LS. Since the new UE capability is intended to deduce the installation of the HTF from the supported Rx and Tx performance requirement, one value would be enough at minimum. On the other hand, there might be implementation variation due to not identified potential issues. For the future proofing, multiple values are desirable. Nonetheless, small variation would be not be helpful for the eNB scheduler policy to decide the concerning CA band combination. In that sense, small values, e.g., 8 would be sufficient for the maximum value. Consequently, the followings are proposed.
Proposal 1:
The UE should be able to indicate the supported Rx and Tx performance requirement for a band combination by integer value.
Proposal 2:
The maximum value of different Rx and TX performance requirements for a band combination is 8.

Proposal 3:
The UE is not required to indicate the new UE capability for a band combination if the UE supports the existing requirement specified when the band combination was introduced (to confirm the RAN4 agreement).
If these proposals are agreed, the implementation of ASN.1 and the field description looks like as shown below.
BandCombinationParameters-v1280 ::= SEQUENCE {


supportedRx-TxPerfReq-r12



INTEGER (1..8)






OPTIONAL
}

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	supportedRx-TxPerfReq

Indicates the supported Rx and Tx performance requirement for a band combination. Integer value corresponds to the index of Rx and Tx performance requirements as specified in TS 36.101 [42, 6.2.5A and 7.3.1]. This field shall not be included if the UE supports the Rx and Tx performance requirement without an index as specified in TS 36.101 [42, 6.2.5A and 7.3.1].
	-


2.3. Relation with capability signalling for 32 CC CA
Although RAN4 asked to introduce the new UE capability from Rel-13, the target scenario is the legacy CA up to Rel-12, i.e., CA up to 5 CCs. In addition, RAN2 is working on developing a new UE capability for CA beyond 5 CCs, which is expected to be a different format from the legacy capability signalling to mitigate the increasing signalling size due to the increased number of CCs. Given that, it is worthwhile discussing if introducing a new UE capability in the legacy format for Rel-13 is sensible. If introduced from Rel-13, there would exist the legacy formats, e.g., supportedBandCombination-v13x0 and supportedBandCombinationAdd-v13x0 together with the new format, e.g., supportedBandCombination-r13 which also includes this new UE capability. An alternative approach is to introduce this new UE capability from Rel-12 using the legacy format. For Rel-13, the new UE capability is included in the new format. This approach looks cleaner than introducing from Rel-13 using both the legacy and the new formats. Therefore, the followings are proposed.
Proposal 4:
The UE capability of CA Rx and Tx performance requirements is introduced from Rel-12 using the legacy format.
Proposal 5:

For Rel-13, it is specified in the new format to be developed for CA beyond 5 CCs.
3. Summary and proposal
This paper discussed the implementation of the UE capability to indicate the supported CA Rx and Tx performance requirement asked by RAN4. In summary, the followings were proposed.
Proposal 1:
The UE should be able to indicate the supported Rx and Tx performance requirement for a band combination by integer value.

Proposal 2:
The maximum value of different Rx and TX performance requirements for a band combination is 8.

Proposal 3:
The UE is not required to indicate the new UE capability for a band combination if the UE supports the existing requirement specified when the band combination was introduced (to confirm the RAN4 agreement).
Proposal 4:
The UE capability of CA Rx and Tx performance requirements is introduced from Rel-12 using the legacy format.

Proposal 5:

For Rel-13, it is specified in the new format to be developed for CA beyond 5 CCs.
A Rel-12 CRs to 36.331/306 are provided for this meeting in [6, 7]. Furthermore, it is helpful to inform RAN4 of our decision as to the signalling implementation since it is relevant to the specification work of TS 36.101 in future. In the end, the following is proposed.
Proposal 6:

A reply LS is sent to inform RAN4 of the signalling implementation in TS 36.331.

A draft reply LS is also provided for this meeting in [8].
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Annex
Example implementation of CA Rx and Tx performance requirements in TS 36.101 [5]
Table 2-1: ΔTIB,c (two bands)

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

	CA_1A-28A
	1
	0.3
	-

	
	28
	0.6
	

	CA_1A-28A
	1
	0.3
	1

	
	28
	0.3
	

	CA_1A-28A
	1
	depends on future discussion
	2 (Note: This row is not specified until we face the similar issue)

	
	28
	
	


Table 2-2: ΔRIB,c (two bands)

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

	CA_1A-28A
	1
	0
	-

	
	28
	0
	

	CA_1A-28A
	1
	0
	1

	
	28
	0
	

	CA_1A-28A
	1
	depends on future discussion
	2 (Note: This row is not specified until we face the similar issue)

	
	28
	
	


Table 2-3: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	Channel bandwidth
	TxRx-Req

	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_1A-28A
	1
	
	
	-89.8
	-89.4
	-89
	-88.7
	FDD
	-

	
	28
	
	
	-98.3
	-95.3
	-93.5
	-90.8
	
	

	CA_1A-28A
	1
	
	
	TBD
	TBD
	TBD
	TBD
	FDD
	1

	
	28
	
	
	-98.3
	-95.3
	-93.5
	-90.8
	
	

	CA_1A-28A
	1
	
	
	Depends on future discussion
	FDD
	2 (Note: This row is not specified until we face the similar issue)

	
	28
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