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Introduction
In RAN4#108 meeting, 3Tx inter-band band combinations with 1Tx in one band and 2Tx in the other band has been discussed and some agreements and open issues are captured in the approved WF[1]. One of the open issues which needs further discussion is the proposal to introduce a new TxD capability by per band per band combinations. The TxD capability is introduced in Rel-16 as a per band UE capability. However, it might not be very clear about how to indicate per-band TxD capability in 3Tx inter-band band combinations. Hence, in this paper, we would like to share our view in the following.
Sub-topic 4-4 new per FS TxD capability
[bookmark: _Hlk143632860]Issue 4-4-1: Introduce new per FS TxD capability
· Proposals (R4-2312249)
· [bookmark: _Hlk143025360]Proposal 1: A new per FS TxD capability should be introduced for inter-band combination CA/DC with more than 2Tx.
· The TxD capability introduced from Rel-16 is per band indicated, which is not applicable for the case for the 3Tx inter-band scenario.
· Proposal 2: It is proposed to introduce the new per FS TxD capability from Rel-16.
· Proposal 3: A LS should be sent to RAN2 to introduce a per FS TxD capability.
· WF: FFS whether new per FS TxD capability is needed for a band under a band combination that support TxD.



Discussion
In TS 38.306, the IE txDiversity-r16 is defined as per band UE capability in BandNR entries. The UE indicates this IE would support transparent Tx diversity requirements as specified in the suffixed G clauses of TS 38.101-1.  
[38.306]
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	txDiversity-r16
Indicates whether the UE supports transparent Tx diversity requirements as specified in the suffix G clauses of TS 38.101-1 [2] (see also clauses 4.2 and 4.3 of TS38.101-1 [2]).
	Band
	No
	N/A
	FR1 only


In TS 38.101-1 sub clause 4.2, the information for IE txDiversity-r16 is also captured that if the UE indicates the IE txDiversity-r16, the UE needs to follow the requirements for Tx diversity as specified in sub clause 6.XG with X=2,3,4,5 and this IE may also impact other RF requirements, e.g., PC2 A-MPR relaxation, configured transmitted power, single antenna port PSUCH transmission in UL-MIMO, RSD in REFSENS and so on. 
From RAN4 perspective, it seems that one purpose for this IE is to distinguish how the requirement should be applied to single UE antenna connectors or multiple UE antenna connector. Since Tx diversity is transparent to the test equipment (TE), the TE can only know whether single UE antenna connector or multiple UE antenna connectors by the indication of IE txDiversity-r16. Take the requirement of maximum output power (MOP) for example, for single antenna-port PUSCH transmission with the precoding matrix W=1, if the TE would like to measures MOP from the UE, the TE can determine to measure MOP from maximum output power by single UE antenna connector without txDiversity-r16 indication or can determine to measure MOP by sum of the maximum output power from both UE antenna connectors with txDiversity-r16 indication.
[38.101-1][Clause 4.2]
	4.2    Applicability of minimum requirements
a)	In this specification the Minimum Requirements are specified as general requirements and additional requirements. Where the Requirement is specified as a general requirement, the requirement is mandated to be met in all scenarios
b)	For specific scenarios for which an additional requirement is specified, in addition to meeting the general requirement, the UE is mandated to meet the additional requirements.
c)	The spurious emissions power requirements are for the long-term average of the power. For the purpose of reducing measurement uncertainty it is acceptable to average the measured power over a period of time sufficient to reduce the uncertainty due to the statistical nature of the signal
d)	All the requirements for intra-band contiguous and non-contiguous CA apply under the assumption of the same slot format indicated by UL-DL-configuration-common in the PCell and SCells for NR SA.
e)	The requirements for Tx diversity in this release are applied for UE which indicates IE [txDiversity-r16].


According to the WID for 3Tx inter-band band combinations, it is observed in the objective that TxD is included in the two categories of CA/EN-DC band combinations which are 
· Case#1: PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL-MIMO and TxD)
· Case#2: PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL-MIMO and TxD).
Hence, the issue to indicate TxD capability in 3Tx inter-band band combinations can be seen as how to indicate that PC2 or PC1.5 TDD band with 2Tx part support TxD in 3Tx inter-band band combinations. 
[WID for 3Tx]
	2.  Enhancements of 3Tx for band combinations with two bands
· Two bands with inter-band UL CA or EN-DC are considered with below limitations:
· In each band only 1CC included. The Tx capability considered is 1Tx in one band, and 2Tx in the other band
· The following power capabilities will be considered
·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
·   CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)


For PC1.5 TDD band with 2Tx part in Case#1, one sentence is captured in TS 38.101-1 sub clause 6.2G.1 that “Tx Diversity is implied for PC1.5 even if the UE does not indicate txDiversity-r16 in the UE capabilities”. In other words, it means that if the UE supports PC1.5 for a given band, the UE should also support Tx diversity even if txDiversity-r16 is not indicated. Hence, it can be inferred that the UE supporting PC1.5 for a given band should also supports TxD for that band. Although the rule is applied to single band currently, we think it would be also easier to be applied for a band that reported PC1.5 in a given band combination should also support TxD from implementation perspective.
	6.2G	Transmitter power for Tx Diversity
6.2G.1		UE maximum output power for Tx Diversity
For UE supporting Tx Diversity, the maximum output power as indicated by UE power class in Table 6.2.1-1is defined as the sum of the maximum output power from both UE antenna connectors. The period of measurement shall be at least one sub frame (1 ms).
When a UE indicates PC1.5 for a given band it achieves maximum power by means of Tx Diversity in the current version of the spec. Therefore, Tx Diversity is implied for PC1.5 even if the UE does not indicate txDiversity-r16 in the UE capabilities.


For PC2 TDD band with 2Tx part in Case#2, there is no relevant restriction between power class and Tx diversity if our understanding is correct. However, we think it is still possible if TxD capability in single band information can be referred in a given band combination. For example, assuming PC3 FDD band A 1Tx + PC2 TDD band B 2Tx as a 3Tx inter-band band combination, the UE can indicate txDiversity-r16 as supported in the BandNR entry for band B but not supported in BandNR entry for band A. When the network would like to configure the band combination band A + band B, the network can directly check whether txDiversity-r16 is supported by band A or band B or not in the BandNR entry. Hence, from implementation perspective, it seems to be feasible to achieve per band TxD capability indication in a given band combination by using the existed signaling, and this method could be also generally applied to PC3 and PC1.5 Tx part in a given 3Tx inter-band band combination. 
[38.331]
RF-Parameters ::=                                   SEQUENCE {
    supportedBandListNR                                 SEQUENCE (SIZE (1..maxBands)) OF BandNR,
    supportedBandCombinationList                        BandCombinationList                      OPTIONAL,
    ...
}

BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
    ...
    ue-PowerClass                       ENUMERATED {pc1, pc2, pc3, pc4}                 OPTIONAL,
    ...
    ue-PowerClass-v1610                 ENUMERATED {pc1dot5}                            OPTIONAL,
    ...
    [[
    maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16    ENUMERATED {n10, n15, n20, n25, n30, n40, n50, n60, n70, n80, n90, n100}   OPTIONAL,
    txDiversity-r16                           ENUMERATED {supported}                    OPTIONAL
    ]],
    [[
    ... 
}
In our view, although PC1.5 is implied to support Tx diversity in RAN4 specification, we think the method to directly check txDiversity-r16 in single band BandNR entry could be more general solution to PC3/PC2/PC1.5 band with 2Tx for a given 3Tx inter-band band combination. In addition, it is also feasible from implementation perspective. Furthermore, TxD is transparent to the network, the network cannot know when the UE would enable TxD even if txDiversity-r16 is indicated. Hence, a new per band per band combination TxD capability may not be necessary and we think per band TxD capability is sufficient for 3Tx inter-band band combination scenario. From testing perspective, the per band TxD capability can also provide the information about how many UE antenna connectors should be applied for the given band in a 3Tx inter-band band combination. Therefore, we propose not to introduce a new per band per band combination TxD capability.
Proposal: The current per band TxD capability signaling is sufficient for 3Tx inter-band combination scenario. It is preferred not to introduce a new per band per band combination TxD capability.
Conclusion
The proposals in this contribution are summarized in the following.
Proposal: The current per band TxD capability signaling is sufficient for 3Tx inter-band combination scenario. It is preferred not to introduce a new per band per band combination TxD capability.
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