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1 Introduction
The UL MIMO and Tx diversity requirement discussion has been lasted for several meetings and a WF [1] was agreed. The main issue for UL MIMO is how to clarify the requirements when UE is configured for single antenna port. For Tx diversity, the issues include whether RAN4 need to accommodate UEs support Tx diversity and how to reflect it in RAN4 specs.
This paper provide our views on this topic.
2 Discussion
2.1 UL MIMO
For the UL MIMO, WF [2] was originally agreed to clarify the situation that when PC2 UL MIMO UE is configured with single antenna port transmission, however, after almost a year discussion it seems this clarification is difficult to achieve consensus. The main reason is that UE may have different status like single antenna transmission or two antenna transmission when single antenna port is configured. These different status purely depends on UE implementation. And further if we consider the PA configurations, UE may use 23+23 to achieve 26dBm power class or 23+26, 26+26 and so on. Simply requiring UEs to keep the power class 2 when configured with single-antenna port without clarifications of how it will be measured may be misunderstood as mandating UEs to achieve 26dBm in both 1 Tx and 2 Tx mode, which means UE has to implement 26dBm PA. This is not the intention of previous agreement. Any changes to current spec shall avoid of this misunderstanding.
	· Maximum output power 
· Clarity in the spec that if PC2 UE is configured for transmission on single-antenna port, the requirements of the same power class in subclause 6.2.1 apply for the UE.
· How to configure for transmission on single-antenna port is up to UE implementation


Observation 1: UEs may have different implementations to support PC2 UL MIMO which makes the handling of single antenna port mode is different.
Proposal 1: Changes to the PC2 UL MIMO spec should avoid mandating UEs to implement 26dBm PAs.

Currently RAN4 defines basic requirements (single layer) and UL MIMO requirements. UEs supporting UL MIMO will also be tested with basic requirements. Power class could be maintained when UL MIMO UE is configured with single antenna port but it should be clarified that UE output power is measured as the sum of the output power from each UE antenna connector.
Proposal 2: UE output power shall be measured as the sum of each antenna connector if power class is required to be maintained in PC2 UL MIMO mode and single antenna port mode.
2.2 Tx diversity
It is clear that Tx diversity is undefined in RAN1 spec and transparent to gNB. It is an optional feature for UEs to support. And in the WF [1] it has been agreed that no specific requirements for Tx diversity will be defined in RAN4 spec. In our view, RAN4 spec only distinguish UEs in single antenna port mode (basic requirements) and UL MIMO mode, and the Tx diversity actually is UEs with multiple antennas configured with single antenna port mode. Thus, the basic requirements should apply. Originally when defining the basic requirements UEs with multiple antenna connectors were not considered which makes now UEs supporting Tx diversity are not testable unless some clarifications are made.
Observation 2: It needs to be clarified in RAN4 spec that how to test UEs with multiple Tx antennas configured with single antenna port mode.
In last meeting an LS was sent to RAN5 asking about the testability of Tx diversity, the main concern is that TE cannot predict which antenna connectors UE may use to transmit UL signals. Actually, in [3] some agreements already been reached like “The total output power shall be the sum of the powers of the individual antenna ports”. This means Tx diversity could be measured similar to UL MIMO by adding all the powers from each antennas. From this point of view, we do not see much difference in testability of Tx diversity and UL MIMO.
Observation 3: Tx diversity could use similar test methods as UL MIMO by combining the powers from each antenna or verifying signal quality from each antenna connector.
Proposal 3: Make necessary clarifications in RAN4 spec to accommodate UEs supporting multiple Tx antennas configured with single antenna port mode.
3 Conclusion
UL MIMO and Tx diversity are two remaining topics in Rel-15 which are controversial since they are related to different UE implementations. With the discussions above we got following observations and proposals.
UL MIMO
Observation 1: UEs may have different implementations to support PC2 UL MIMO which makes the handling of single antenna port mode is different.

Proposal 1: Changes to the PC2 UL MIMO spec should avoid mandating UEs to implement 26dBm PAs.

Proposal 2: UE output power shall be measured as the sum of each antenna connector if power class is required to be maintained in PC2 UL MIMO mode and single antenna port mode.

Tx diversity

Observation 2: It needs to be clarified in RAN4 spec that how to test UEs with multiple Tx antennas configured with single antenna port mode.

Observation 3: Tx diversity could use similar test methods as UL MIMO by combining the powers from each antenna or verifying signal quality from each antenna connector.
Proposal 3: Make necessary clarifications in RAN4 spec to accommodate UEs supporting multiple Tx antennas configured with single antenna port mode.
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