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1 Introduction
In LTE, both closed-loop and open-loop antenna selection for PUSCH was supported. The eNB can control that whether antenna selection is conducted, and whether close-loop or open-loop is used for the UE. Antenna selection for PUSCH has not been specified in NR. However, SRS antenna switching was supported in NR. With this capability of SRS switching, and no specification restrict of UE’s transmit antenna, the UE can conduct open-loop antenna selection. 
SRS antenna switching was supported in NR to acquire reciprocal downlink channel for the UE with certain antenna structures [1]. The UE could be configured with one SRS set with multiple SRS resources for antenna switching. With these SRS resources transmitted from different antennas or antenna pairs, the gNB can recover full channel for downlink scheduling.

Though the SRS antenna switching technique is specified to obtain downlink channel, it does require the operation that UE switches the transmit antenna(s). For UE of such capability, it could alternatively change the transmit antenna(s) with its preference, since the transmit antenna for PUSCH is not specified. It’s open-loop antenna selection technique, similar to LTE. 
The open-loop antenna selection could result in inconsistent understanding of transmit antenna(s) between the gNB and the UE. For example, in figure 1, the UE could transmit SRS on antenna pair (Ant.0, Ant.2), or (Ant.1, Ant.3). The gNB estimate uplink channel from antenna pair (Ant.0, Ant.2), Then based on it, the gNB determines MCS and TPMI in the UL grant based on the SRS sent from antenna pair (Ant.0, Ant.2).Without specification restriction, the UE can actually transmit PUSCH on antenna pair (Ant.1, Ant.3). However, the channel properties vary among antennas, resulting in different MCS/TPMI selection of different antenna pairs. Hence, the inconsistent antenna selection at the gNB and the UE will cause performance degradation. Observed from our field test, the variance between different antenna selections could be around 2~3dB SINR offset in average. Also, different TPMI selection can be observed for different antenna selections. 
Observation 1: Inconsistent understanding of transmit antenna(s) results in performance degradation, so that open-loop antenna selection by the UE can be problematic.
Hence, close-loop PUSCH antenna selection should be supported in NR, for 1T2R, 1T4R, and 2T4R.
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Figure 1. Example of UE with 2T4R
Proposal 1: Support close-loop transmit antenna selection for PUSCH.

2 Details of antenna selection
To support close-loop antenna selection, there are three key points.
2.1 Configuration signaling and capability report of close-loop antenna selection
At the very beginning of the procedure, the gNB needs to know whether the UE support antenna selection for PUSCH. Whether the function is configured should depend on the UE’s capability and gNB’s decision. To support the function, UE need to the report its related capability. 
Figure 1 shows an example of 2T4R where Tx RF chain #1 can attach to Ant.0 or Ant.1 through the first switch and Tx RF chain #2 can attach to Ant.2 or Ant.3 through the second switch. In this example, the gNB can indicate the UE to use several possible antenna port combinations for UL transmission, e.g., (Ant.0, Ant.2), (Ant.0, Ant.3), (Ant.1, Ant.2), (Ant.1, Ant.3). However, for some UEs, there may be some hardware limitations that antenna port groups (Ant.0, Ant.3) and (Ant.1, Ant.2) are not allowed for UL transmission. Therefore, the gNB needs to know UE antenna group information before UL scheduling.
Proposal 2: Support UE to report antenna grouping information on which group of antenna(s) can be transmitted simultaneously from different antenna RF chains.

When the gNB has knowledge of UE’s capability, the gNB can decide whether antenna selection for PUSCH is conducted. The gNB can indicate to the UE whether open-loop or close-loop scheme is used by RRC signalling. There should be a switch to turn on/off this operation. The signalling of SRS switching should not be mixed with the switch to turn on/off antenna selection for PUSCH, as SRS switching is for downlink channel acquisition.
Proposal 3: Support RRC signalling of turning on/off closed-loop antenna selection for PUSCH.
2.2 UL CSI acquisition 
Before transmission, gNB needs to obtain the UL CSI through SRS transmitted from different antenna ports. Thus, the gNB needs to know the channel through sounding procedure. Currently, SRS switching is introduced for partial reciprocity of TDD. The design of SRS switching aims at downlink channel acquisition. This technique originally is not used for obtaining uplink channel. Nevertheless, the design rules could be similar if antenna selection for PUSCH is supported with uplink channel acquisition by SRS switching. Current SRS switching can be reused for uplink channel acquisition.
Proposal 4: Reuse the design of SRS antenna switching for uplink channel acquisition to support close-loop antenna selection for PUSCH.
2.3 Antenna selection indication in UL grant
In LTE, antenna selection is controlled by DCI with one bit mask to selection one out of two UE antenna ports.
One possible solution is to use part of codebook of antenna selection. Though some TPMIs can support choose one or two ports out of four ports to transmit data streams, this mechanism would result in the following disadvantages.  Firstly, the method is not consistent. The antenna selection TPMIs are aiming at the UE with 4 ports, and some of the ports undergo severe fading channel, e.g. when they are blocked by hands. Secondly, with UE capability report, the gNB can derive the UE’s maximum supported UL layers, e.g. rank 2. Then the gNB would only configure a 2 port SRI and indicate 2T TPMI to the UE. Lastly, the current 4T codebook cannot cover all codewords for antenna selection, e.g. the rank 2 codewords.
Observation 2: Antenna selection codebook cannot sufficiently support transmit antenna selection for PUSCH.
Since SRS antenna switching is used for UL channel acquisition, a simple method could be to reuse the SRS switching resources, e.g. to associate SRS resources with UE antennas, and the gNB can indicate the UE with proper SRI(s). In current spec, SRS antenna switching resource set are not supported for PUSCH indication, as the SRS resource set is only configured for antenna switching, codebook/non-codebook, and beam management. The SRS set for SRS switching is not used to indicate the resource for PUSCH. Thus, there should be an association, so that SRS resources for antenna switching can be reused to indicate antenna selection for PUSCH.
Proposal 5: Support antenna selection for PUSCH indication with respect to SRS resources for antenna switching.
3 Conclusions
In this contribution, we discussed the transmit antenna selection scheme, and have the following conclusion:
Observation 1: Inconsistent understanding of transmit antenna(s) results in performance degradation, so that open-loop antenna selection by the UE can be problematic.
Observation 2: Antenna selection codebook cannot sufficiently support transmit antenna selection for PUSCH.
Proposal 1: Support close-loop transmit antenna selection for PUSCH.

Proposal 2: Support UE to report antenna grouping information on which group of antenna(s) can be transmitted simultaneously from different antenna RF chains.

Proposal 3: Support RRC signalling of turning on/off closed-loop antenna selection for PUSCH.
Proposal 4: Reuse the design of SRS antenna switching for uplink channel acquisition to support close-loop antenna selection for PUSCH.
Proposal 5: Support antenna selection for PUSCH indication with respect to SRS resources for antenna switching.
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