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Introduction
In the last meeting the discussion on the FR1 UL MIMO EVM measurements has continued and an agreement has been reached to define the EVM requirements on a per layer basis [1]. A similar discussion has already taken place in the FR2 testability SI and concluded on a test method for FR2 UL MIMO EVM.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
Over the past few meetings the necessity for an updated EVM measurement method for FR1 has been debated. During the last meeting a common understanding on the issue could be developed and it was agreed to define the EVM requirements for UL MIMO on a per layer basis as documented in [1].
A common understanding:
· EVM receiver needs to be standardized clearly
· 1-to-1 mapping between layer and antenna port (i.e., TPMI) is independent from 1-to-1 mapping between antenna port and connector.
· New/legacy TE issue may need further clarification.
Agreements:
· Define EVM requirement for UL-MIMO on a per-layer basis.
Since the same issue has been already debated for the FR2 testability enhancement study item, the results from this analysis should be leveraged for FR1 to avoid any double work in RAN4 and to align the methodologies for FR1 and FR2 where possible.
The analysis for the FR2 UL MIMO EVM measurements has been documented in TR 38.884 [2] clause 5.2.3 describing 2 candidate methods (named Method 1 and Method 2) for measuring EVM on a per layer basis. Both methods have been analysed in the past meeting by several companies [3], [4], [5]. The comparison has as well been captured in TR 38.884 [2], concluding that Method 1 is the recommended test method. The principal block diagram for the Method 1 shown below.
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Figure 1: EVM calculation block diagram for 2-Layer UL MIMO
Since from a methodology point of view there is no fundamental difference between measuring EVM in FR1 and FR2, we propose to adapt the agreement captured in TR 38.884 also for FR1.
Proposal: Adopt the agreed FR2 UL MIMO EVM measurement methodology (Method 1) for FR1 as well.
During the discussions there were also some concerns mentioned with regards to TE implementation and how having a new method may impact Test Case validations and availability of the new method in the market.
Test Case development and implementation is a RAN5 tasks and these issues are typically discussed there to avoid such issues, so RAN4 should focus on the technical aspects of the discussion.
However, in the past when such changes happened in the spec, RAN5 typically used “transition periods” in which both versions of the test case using either the old or the new method are valid to prevent any gaps in validation of new devices. The same issue has also been discussed when discussing the same issue in FR2 and the following common understanding could be reached during the discussions, captured in [6].
it is the common understanding that RAN5 can make use of "transition periods" when they undertake the effort to apply the outcome of this study to the conformance test specification
The same reasoning would also apply to FR1.
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we provide some further analysis for the FR1 UL MIMO EVM measurements.
Proposal: Adopt the agreed FR2 UL MIMO EVM measurement methodology (Method 1) for FR1 as well.
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