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1 Introduction
UL MIMO requirements for both PC3 and PC2 UE have been finished in Rel-15 for a long time. After the completion of the requirements, the effort of clarification of some aspects related to UL MIMO also last for a long time. However, no consensus is reached yet. This contribution provides some further consideration for this topic.
2 Discussion

2.1  RAN4 agreements on UL MIMO
There were some agreed WFs related to UL MIMO requirements in RAN4 [1-3].
These WFs can be categorized to 3 categories, which however interleaved to each other.
HPUE supporting UL MIMO

In Rel-15, we have the following agreements on HPUE [1].

	5G NR PC2 HPUE definition for SA scenario:
·  UL MIMO (2Tx 23+23dBm) with total output power of 26dBm is supported by specification for NR Bands n77,n78,n79

·  1Tx +26dBm HPUE is also supported by specification for NR Bands n77,n78,n79

5G NR PC2 HPUE definition for SA scenario:
·  UL MIMO (2Tx 23+23dBm) with total output power of 26dBm is supported by specification for NR Bands n77,n78,n79

·  1Tx +26dBm HPUE is also supported by specification for NR Bands n77,n78,n79


Single antenna port mode

In Rel-15, the clarification of single antenna port mode has been agreed in [2], but is not reflected in the specification yet.
	Clarify in the Rel-15 specification on ambiguous requirements for UE supporting UL MIMO
· 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


Tx diversity

In last RAN4 meeting, we also had a WF on Tx diversity under UL MIMO agenda [3].
	· No specific requirements for TX diversity is written in RAN4 specification. 

· RAN4 will follow RAN1 agreements and is discussing possibility for RAN4 requirements to accommodate TX diversity

· LS to RAN5 will be sent to ask them to confirm feasibility of TX diversity testing


Based on the agreements above, we have the following observations:
Observation 1: In Rel-15, for a PC 2 UE supporting UL MIMO, the assumed PA configuration is 23+23dBm.

Observation 2: In Rel-15, if a PC2 UE does support UL MIMO, at least it has to support 1Tx 26dBm

Observation 3: A UE supporting UL MIMO can be configured to single antenna port mode, whether thTe transmission is mapped to 1 antenna connector or two antenna connectors is up to UE implementation

Observation 4: Tx diversity is specification transparent in RAN1 and no specific requirements shall be specified in RAN4 specification

2.2 Single antenna port and full power transmission
Based on discussion in [4], it seems that the main motivation to enable Tx diversity via antenna virtualization to support full power transmission. However, we know that full power transmission is one objective under MIMO enhancements WI led by RAN1 in Rel-16, and in last RAN plenary, the WID was updated to study and identify whether this feature has RAN4 requirements impact. In our view, Tx diversity was initially discussed how to maintain the power class for a MIMO UE configured to single antenna port. According to RAN4 agreement, it is up to UE implementation. For example, for a PC2 UE supporting UL MIMO, both 23+23dBm and 23+26dBm implementations are possible. In this sense, we think that supporting Tx diversity is an optional implementation choice for a UE supporting UL MIMO in Rel-15 as it may be configured to single antenna mode.
2.3 Test issue

In last RAN4 meeting, an LS was sent to RAN5 for asking the testability issue of UE supporting Tx diversity. Firstly, we should make it clear that for NR, there is no capability signalling for UE to indicate it supports Tx diversity. There could be several cases for UE implementation if the UE has two Tx antenna connectors:
1) UE supports UL MIMO also supports Tx diversity for single antenna mode

2) UE supports UL MIMO but only supports 1Tx for single antenna mode

3) UE does not support UL MIMO but only supports Tx diversity 

As single layer performance may be tested by RAN5 together with UL MIMO requirements, the issue is how to address the concern “uplink transmission from multiple potentially unknown UE antenna connectors”. Comparing the 2Tx UL MIMO requirements and 1Tx requirements in the current specification, it can be seen that most of UL MIMO requirements are tested upon each antenna connector with the same 1Tx requirements, for example as agreed in RAN4 before, for PC2 requirements which may be different from PC3, e.g. ACLR and MPR/A-MPR, the PC2 requirements shall be applied at each antenna connector. 
For the maximum output power, the requirement is measured as the sum of the maximum output power at each UE antenna connector. For case 2, it is easier to identify which antenna connector is transmitting signal and then all 1Tx requirements will be tested at this antenna connector for single antenna mode. While for case 1 and case 3, after sum of the maximum output power at each UE antenna connector, the 1Tx requirements shall be applied to for each antenna connector. 
Observation 5: Besides maximum output power, almost all other Tx requirements are tested based on 1Tx requirements at each UE antenna connector.

One issue to sum the output power at each antenna connector is whether to use a combiner. As discussed during the meeting, some companies raised the concern on the phase issue to combine two path signals. In our understanding, to simply the test procedure and avoid the potential phase combining issue, the measurement should be performed at each antenna connector and simply add the results.
Observation 6: Combiner should not be used in the maximum out power test for UE supporting two Tx antenna connectors.
3 Conclusion

Agreements related to UL MIMO are overviewed firstly in the contribution. Based on the WFs and issues discussed during the meeting, we have the following observations.
Observation 1: In Rel-15, for a PC 2 UE supporting UL MIMO, the assumed PA configuration is 23+23dBm.

Observation 2: In Rel-15, if a PC2 UE does support UL MIMO, at least it has to support 1Tx 26dBm

Observation 3: A UE supporting UL MIMO can be configured to single antenna port mode, whether thTe transmission is mapped to 1 antenna connector or two antenna connectors is up to UE implementation

Observation 4: Tx diversity is specification transparent in RAN1 and no specific requirements shall be specified in RAN4 specification

Observation 5: Besides maximum output power, almost all other Tx requirements are tested based on 1Tx requirements at each UE antenna connector.

Observation 6: Combiner should not be used in the maximum out power test for UE supporting two Tx antenna connectors.
Since the clarification of some UL MIMO requirements has been lasted for more than one year. Based on the discussion in the group, we still see the necessity for the clarification of single antenna port since power class requirement is not clear for the single antenna port mode. 
Proposal: it is proposed to clarify the single antenna port mode in the Rel-15 specification based on previous RAN4 agreement.
As for Tx diversity, since it is up to UE implementation in Rel-15, RAN4 also agreed that no specific requirements for Tx diversity is written in RAN4 specification. How to solve the test of maximum output power for UE has multiple antenna connectors can be left to RAN5. 
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