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Introduction
In this contribution, we propose an improvement of Tx antenna selection capability to be notified per UE supported band.

Issue of Transmit Antenna Selection capability
UE transmit antenna selection (Tx antenna selection) was specified from LTE Rel-8. It enables the UE to select Tx antenna port when the UE has multiple Tx antennas and can improve UL performance due to transmission diversity. Two types of Tx antenna selcction mode are specified (i.e. closed-loop antenna selection and open-loop antenna selection). For the closed-loop, the eNB explicitly indicates which Tx antenna should be used by CRC masking [1]. On the other hand, for the open-loop, the UE is allowed to select Tx antenna therefore the eNB does not know which Tx anttena is used.
In the RRC specification, supporting of this feature is notified by the ue-TxAntennaSelectionSupported in the UE capability as follows [2]:

UE-EUTRA-Capability information element
PhyLayerParameters ::=				SEQUENCE {
	ue-TxAntennaSelectionSupported		BOOLEAN,
	ue-SpecificRefSigsSupported			BOOLEAN
}

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	ue-TxAntennaSelectionSupported
TRUE indicates that the UE is capable of supporting UE transmit antenna selection as described in TS 36.213 [23, 8.7].
	Yes



Based on the current specification, the following observations can be made.
Observation 1:	The UE can notify a different Tx antenna selection capability for each duplex mode.
Observation 2:	The ue-TxAntennaSelectionSupported can be set to TRUE only if Tx antenna selection can be performed on all of supported FDD bands (or TDD bands).

In other words, in a case that the UE supports Tx antenna selection only on a part of supported bands of the UE, the UE cannot set it to TRUE because it cannot be notified per UE supported band. We think it is a trend that a larger number of bands are supported by the UE considering a roaming case. So, it may become more difficult to support Tx antenna selection on all of supported bands.
Table.1 describes an example of Tx antenna selection capability. Both UE#0 and UE#1 support bands 1, 2, 3 and 8 in FDD and bands 41 and 42 in TDD.
· If the UE#0 is capable of Tx antenna selection except for band 2 in FDD, the ue-TxAntennaSelectionSupported for FDD should be set to FALSE, but for TDD, it should be set to TRUE.
· On the contrary, if the UE#1 is capable of Tx antenna selection except for band 42 in TDD, the ue-TxAntennaSelectionSupported for FDD should be set to TRUE, but for TDD, it should be set to FALSE.

Observation 3:	The ue-TxAntennaSelectionSupported cannot be set to TRUE if Tx antenna selection can be performed only on a part of supported bands.

Table.1 - Example of Tx antenna selection capability
	
	UE supported bands (example)
	Tx antenna selection supported band
	ue-TxAntennaSelectionSupported

	UE#0
	1, 2, 3, 8, 41, 42
	1, 3, 8, 41, 42
	FDD: FALSE
TDD: TRUE

	UE#1
	1, 2, 3, 8, 41, 42
	1, 2, 3, 8, 41
	FDD: TRUE
TDD: FALSE



Improvement of Transmit Antenna Selection capability
Tx antenna selection is generally used for improving UL performance by Tx diversity. In addition, for the TDD system, it is possible to be used for DL channel estimation based on TDD channel reciprocity (i.e. beamforming). The eNB configures the closed-loop Tx antenna selection to the TDD UE, and appropriately decides which antenna should be used e.g. via SRS. However, if the TDD UE supports this feature only a part of supported TDD band, the eNB cannot use it for DL channel estimation because the ue-TxAntennaSelectionSupported in TDD is set to FALSE due to the restriction of current capability as described in Section 2 (i.e. UE#1 in Table.1).
In the results, UL performance of multi-band UE would be lower than that of single band UE as this feature is never used even if the UE supports it on part of supported bands. To make matters worse in the TDD system, DL performance would be decreased because the eNB would perform DL scheduling without channel reciprocity information.
To relax the restriction of current capability and enable Tx antenna selection feature on a part of supported bands, the UE should notify the Tx antenna selection capability per UE supported band.
Proposal 1:	UE capability of Tx antenna selection should be notified per UE supported band.

Impact on the RAN2 specification
As the capabiltiy of (legacy) Tx antenna selection is alerady defined, the capablity handling should be considered in RAN2.
The exsiting filed ue-TxAntennaSelectionSupported in the UE capability is defined as the mandatory. The new capability is reported as an optional IE. If the (legacy) eNB does not understand the new capability, the eNB just ignores the new capability and decides whether Tx antenna selection should be configured based on the existing field.
· If the UE supports “per supported band Tx antenna selection” on all supported bands, the UE notifies TRUE in the ue-TxAntennaSelectionSupported and the UE may not notify the new capability to save signalling.
· This case both the legacy and new eNB can configure Tx antenna selection to the UE.
· If the UE supports “per supported band Tx antenna selection” on a part of supported bands, the UE notifies the new capability and FALSE in the ue-TxAntennaSelectionSupported.
· This case, the new eNB can configure Tx antenna selection to the UE, but the legacy eNB does not configure it because the eNB does not understand the new capability.
· If the UE supports Tx antenna selection but does not support “per supported band Tx antenna selection”, the UE only notifies TRUE in the ue-TxAntennaSelectionSupported (legacy behaviour).
· If the UE does not support Tx antenna selection, the UE only notifies FALSE in the ue-TxAntennaSelectionSupported (legacy behaviour).
Based on the above, there are no mismatching between the UE and the eNB for Tx antenna selection capability. Therefore, we think any additional information/configuration is not needed in RAN2 other than the new capability.
Observation 4:	There are no additional impacts on RAN2 other than the introduction of the new capability of Tx antenna selection per UE supported band.

Impact on the other WGs
RAN1
In the RAN1, the physical layer procedure of Tx antenna selection is specified as follows in [3].
8.7	UE transmit antenna selection
UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection.
<< omitted >>
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.
If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection for PUSCH in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4]. 
If a UE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.
If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna for PUSCH/SRS to be selected by the UE is not specified.
In CA case, from the cyan highlighted text, the CA UE can assume the same port value is indicated by the eNB in a given subframe but the UE simply ignores the indicated value for the transmission on non-supported bands. This UE behaviour is already allowed from the yellow highlighted text. If the UE supports Tx antenna selection per UE supported band and the eNB enables this feature, the UE can transmit either antenna port 0 or 1 on Tx antenna selection supported bands, but the UE shall use the antenna port 0 on non-supported bands. Therefore, we believe there are no impacts on RAN1 specification.
RAN3/4
It seems there are no corresponding specifications in both RAN3 and RAN4. 
So, it is possible to introduce Tx antenna selection per UE supported band without any specification impacts on the other WGs.
Observation 5:	There are no impacts on the other WG’s specification from the introduction of Tx antenna selection per UE supported band.
Proposal 2:	RAN2 should introduce Tx antenna selection capability per UE supported band in Rel-14.

Conclusion
In this contribution, we made the following observations considering the current UE capability of Tx antenna selection.
Observation 1:	The UE can notify a different Tx antenna selection capability for each duplex mode.
Observation 2:	The ue-TxAntennaSelectionSupported can be set to TRUE only if Tx antenna selection can be performed on all of supported FDD bands (or TDD bands).
Observation 3:	The ue-TxAntennaSelectionSupported cannot be set to TRUE if Tx antenna selection can be performed only on a part of supported bands.
Observation 4:	There are no additional impacts on RAN2 other than the introduction of the new capability of Tx antenna selection per UE supported band.
Observation 5:	There are no impacts on the other WG’s specification from the introduction of Tx antenna selection per UE supported band.

To relax the restriction of current capability and enable Tx antenna selection per UE supported bands, we propose:
Proposal 1:	UE capability of Tx antenna selection should be notified per UE supported band.
Proposal 2:	RAN2 should introduce Tx antenna selection capability per UE supported band in Rel-14.

Summary of changes for Per supported band Tx antenna selection capability is described in Annex A.
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Annex A.	Summary of changes for Per supported band Tx antenna selection capability
TS36.331
[bookmark: _Toc487673686][bookmark: _Toc487673706]6.3.6	Other information elements
–	UE-EUTRA-Capability
UE-EUTRA-Capability information element
PhyLayerParameters-v1440 ::=		SEQUENCE {
	ue-TxAntennaSelectionSupportedPerBandList-r14		UE-TxAntennaSelectionSupportedPerBandList-r14 		OPTIONAL
}

UE-TxAntennaSelectionSupportedPerBandList-r14	::=	SEQUENCE (SIZE (1..maxBands)) OF ue-TxAntennaSelectionSupportedPerBand-info-r14

ue-TxAntennaSelectionSupportedPerBand-info-r14 ::=	SEQUENCE {
	ue-TxAntennaSelectionSupportedPerBand-r14		ENUMERATED {supported}			OPTIONAL
}

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	ue-TxAntennaSelectionSupportedPerBandList
Indicates the bands on which the UE supports UE transmit antenna selection as described in TS 36.213 [23, 8.7]. One entry corresponding to each supported E-UTRA band, listed in the same order as in supportedBandListEUTRA.
	Yes



[bookmark: _Toc463010944]TS36.306
[bookmark: _Toc463010943]4.3.4		Physical layer parameters
4.3.4.x		ue-TxAntennaSelectionSupportedPerBandList-r14
This field defines for each supported E-UTRA band whether the UE supports transmit antenna selection.
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