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Introduction
In RAN4#109, Rel-18 enhancement for MIMO OTA test requirements has been discussed. Some agreements and open issues are captured in the approved WF [1]. In WF, one of the open issues for FR1 MIMO is raised to discuss which IE can be used by the test equipment to identify 2Rx UE or 4Rx UE. The IE maxNumberMIMO-LayersPDSCH is agreed that it can be used to identify 4Rx UE, but the IE srs-TxSwitch does not reach agreement and it needs to have further check. In this paper, we would like to share our view in the following.
	Sub-topic 1-4 FR1 MIMO OTA requirements related work
Issue 1-4-2: Whether IEs can be used to identify 2Rx UE and 4Rx UE
Agreement:
· The IE of maxNumberMIMO-LayersPDSCH can be used to identify 4Rx UE
· Further check if the IE srs-TxSwitch can be used to identify 4Rx UE.

[bookmark: OLE_LINK1]Issue 1-4-3: How to identify 2Rx UE and 4Rx UE 
Agreement:
· Labs can try to identify 4Rx UE by themselves in any methods listed below:
· Method 1: If a UE can be connected to call box with 4x4 MIMO, the UE can be confirmed as a 4Rx UE
· Method 2: Obtain the MIMO layer information from BS simulator, e.g., check the IE maxNumberMIMO-LayersPDSCH
· FFS IE srs-TxSwitch
· Method 3: Directly collect the information from OEMs.
· Other methods are not precluded
· Any 3GPP member can work with the selected test labs to provide 4Rx UEs.


Discussion
For FR1 MIMO OTA testing, the test equipment needs to know whether DUT is 2Rx capable or 4Rx capable at the target test band in advance before performing the MIMO throughput measurement. During the testing, the UE may first send the UE capability signaling to the test equipment, and it is the preferred way that the UE hardware capability such as 4Rx capable or 2Rx capable can be informed in the UE capability signaling to the test equipment. In RAN4#109, two IEs maxNumberMIMO-LayersPDSCH and srs-TxSwitch are proposed as the methods to identify whether 4Rx is supported by the UE. Since the logical antenna port is required to be equal or larger than supported layer number and the implementation for the mapping between logical antenna port to the physical antenna port is usually one to one mapping in the commercial product, it is agreed by RAN4 that the IE maxNumberMIMO-LayersPDSCH can be used to indicate 4Rx capable UE by reporting max MIMO layer equal to four. However, for the IE srs-TxSwitch, it needs to have further check whether it can be used to identify 4Rx UE.

In Rel-15, SRS Tx switching feature is introduced to obtain more accurate channel state information by utilizing channel reciprocity for TDD bands, which is considering from UE implementation perspective that Tx antenna port number is usually less than Rx antenna port number. In other words, UE can be scheduled to perform antenna switching for SRS transmission in different Rx antenna port, and this SRS Tx switching feature can be indicated by the corresponding IE srs-TxSwitch in the UE capability signaling information. In order to accommodate the different RF and antenna hardware design from implementation perspective, the IE srs-TxSwitch can be indicated by “xTyR”, e.g., 1T2R/1T4R/ 2T4R/2T2R/4T4R/1T4R-2T4R, where “x” is the capable antenna port for SRS transmission and “y” means the total number of receive antenna where SRS transmission can be performed for the target band or the target band in the band combination. 
	Definitions for parameters
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	FDD-TDD
DIFF
	FR1-FR2
DIFF

	srs-TxSwitch, srs-TxSwitch-v1610
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE, which is mandatory with capability signalling. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas. supportedSRS-TxPortSwitch-v1610, which is optional to report, indicates downgrading configuration of SRS Tx port switching pattern. If the UE indicates the support of downgrading configuration of SRS Tx port switching pattern using supportedSRS-TxPortSwitch-v1610, the UE shall report the values for this as below, based on what is reported in supportedSRS-TxPortSwitch.
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-	txSwitchImpactToRx indicates the lowest band entry number of the UL group (see txSwitchWithAnotherBand) that impacts the DL of this band entry;
-	txSwitchWithAnotherBand indicates the lowest band entry of the UL group, which is defined as band entries with UL (see NOTE) that impact each other's UL (i.e. SRS TX port switching on any of the cells in the group will impact UL on all the cells in the group). This parameter is absent if an UL group contains only one band entry.
For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. The UE may include txSwitchImpactToRx and txSwitchWithAnotherBand for a band entry even if supportedSRS-TxPortSwitch is set to 'notSupported' for that band entry. All DL and UL that switch together indicate the same entry number.
The entry number is the band entry number in a band combination. The UE is restricted not to include fallback band combinations for the purpose of indicating different SRS antenna switching capabilities.

NOTE:	The band with UL includes a band associated with FeatureSetUplinkId set to 0 corresponding to the support of SRS-SwitchingTimeNR.
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In Rel-16, the srs-TxSwitch-v1610 is introduced to enhance more variety of UE RF frond end design architecture. Some more fallback or downgrade configurations are introduced in the corresponding IE. For example, if the UE reports the SRS switching pattern as “t1r1-t1r2-t2r2-t2r4“ for a target RF band, it means that the UE RF hardware front end architecture is designed with max 2Tx chains capable for SRS transmission and max 4Rx chains for total number of receive antenna where SRS transmission can be performed. In this SRS switching pattern configuration, it implies that the antenna switch module for SRS transmission between RF front end module and physical antenna in each Tx chain is only 1Tx mapping to 2Rx and excluding the scenario for 1Tx mapping to 4Rx. It means that each Tx chain for SRS transmission can only be transmitted on two Rx chains, and these two Rx chains are different from each other, e.g., Tx1 for SRS transmission on Rx1/Rx2 and Tx2 for SRS transmission on Rx3/Rx4.
However, in our understanding, although SRS antenna switching feature is firstly introduced in 2017, it is quipped by the UE in commercial product and become popular until 2021-2022. In these years, the UE which supports NR bands are mainly focused on NSA mode, and the strategy for UE RF hardware design would put less resource on NR bands because the network deployment is not very matured. Hence, from the cost consideration on antenna switch module perspective, so far as we know that at least one UE vendor would only support “1T2R” for SRS switching pattern but four layers with 4Rx can be supported for DL MIMO transmission in some NR bands, e.g., n41, in 2021 high-end device. Despite the UE reports “1T4R” may have around 30% throughput better than “1T2R” at good cell coverage area for a given band in the field deployment, it is worth to have trade-off on mid-end devices between the cost and the performance. By following this logic, it is reasonable for some mid-end devices after 2022 to adopt this rule to save the cost and it is beneficial for the mid-end devices to be capable of “1T2R” for SRS transmission but four layers with 4Rx for DL MIMO transmission, where at least one UE vendor would adopt it so far as we know.
Observation 1: So far as we know that at least one UE vendor would only support “1T2R” for SRS switching pattern but four layers with 4Rx can be supported for DL MIMO transmission in some NR bands, e.g., n41, at least on some mid-end devices. 
Therefore, by considering the above scenarios for FR1 MIMO OTA testing, it may not be suitable to use the IE srs-TxSwitch or srs-TxSwitch-v1610 to identify the UE as 4Rx capable or 2Rx capable. One situation may be occurred that if “1T2R” is reported for a target testing band to the test equipment, the TE may only know that the UE is 2Rx capable by referring to the IE srs-TxSwitch, but actually the UE is a 4Rx capable in the testing band. In order not to underestimate the UE RF capability, we think it is not recommendable to use IE TxSwitch or srs-TxSwitch-v1610 to identify 4Rx capable UE for the target testing band. In our view, it is proposed not to use these two IEs to differentiate 2Rx capable UE form 4Rx capable UE in a target testing RF band for FR1 MIMO OTA testing. 
Proposal 1: It is proposed not to use IE srs-TxSwitch or srs-TxSwitch-v1610 to differentiate 2Rx capable UE from 4Rx capable UE in a target testing RF band for FR1 MIMO OTA testing.
Conclusion
The proposals in this contribution are summarized in the following.
Observation 1: So far as we know that at least one UE vendor would only support “1T2R” for SRS switching pattern but four layers with 4Rx can be supported for DL MIMO transmission in some NR bands, e.g., n41, at least on some mid-end devices. 
Proposal 1: It is proposed not to use IE srs-TxSwitch or srs-TxSwitch-v1610 to differentiate 2Rx capable UE from 4Rx capable UE in a target testing RF band for FR1 MIMO OTA testing.
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