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Introduction
During RAN4#90 and RAN4#90B, discussions on updating the procedures for time alignment error (TAE) testing focused on conditions for testing, as indicated by WF [1] and WF [3]. In [2], a possible approach for implementing the test was provided. This contribution examines LTE [4] as well as the current specification [5] for the procedures and possible changes needed for TS 38.141-1. Modifications for TS 38.141-2 in [7] will follow the updates for TS 38.141-1 captured in [6].
Discussion
There are several options listed in WF [3]. 
· Companies are encouraged to provide implementation details for: 
Option 1. Implement TAE testing using
· Option 1A: MIMO: Rank 2 transmission (in which CDM applied to the DMRS)
· Option 1D: implement CDM or FDM of DMRS to emulate TX diversity
Option 2. Introduce Tx polarization if supported for NR based specifications based on future work
· Analysis on how TX polarization can be applied to TAE testing is encouraged by companies prior to implementation of part of the TAE requirement
· Implement TAE testing using
· Option 2D: implement CDM or FDM of DMRS 
The first option examined is how to configure MIMO.
Option 1A
Background for option 1A
In [4], subclause 6.5.3.4.2, the procedure was indicated by the note (see below, italics and highlighting added)
1)	Set the base station to transmit E-TM1.1 or any DL signal using TX diversity, MIMO transmission or carrier aggregation.
NOTE: 	For TX diversity and MIMO transmission, different ports may be configured in E-TM (using p = 0 and 1).
In [5], subclause 6.5.4.4.2, the following note is used
2)	Set the connectors under test to transmit NR-FR1-TM 1.1 or any DL signal using MIMO transmission or carrier aggregation.
NOTE:	For MIMO transmission, different ports may be configured in NR-FR1-TM 1.1.
One question is the port numbering while another question is whether the test model adequately supports multiple ports.
Physical layers
TS 38.211 defines the layers and ports in the following subclauses:
· Subclause 7.3.1.3: 2 layers and 1 codeword determine the payload size
· Subclause 7.3.1.4: p0 maps to x(0), p1 maps to x(1) 
· Subclause 7.4.1.1.2: DM-RS mapping (note the TM uses “configuration type 1” and “PDSCH mapping type A”)
· DM-RS cover code is determined by Table 7.4.1.1.2-1
The DCI configuration (format 1_1) to determine the set of ports is described in Table 7.3.1.2.2-1 of TS 38.212. The value of “2” for the field “Antenna port (s)” configures 2 ports “0” and “1”. This will correspond to CDM group “0” in table 7.4.1.1.2-1 of TS 38.211.
Impact to 38.141-1
Subclause 4.9.2.3 states that the rank is 1. For MIMO transmissions, to support multiple layers that constraint must be relaxed. Subclause 4.9.2.3.2 shows the mapping for one layer, not 2. Also the CDM group information is absent.
In order to use MIMO, at least rank 2 must be supported. Given the mapping to codewords to layers, only one codeword is needed for rank 2 transmission. The mapping to ports should be provided in the standard so that the CDM is used.
Observation 1: test model descriptions require minor changes to capture MIMO transmissions for TAE testing.
Option 1D
Examination of the mappings suggest that CDM is option 1A. FDM is determined by using the value of “11” for the field “Antenna port (s)” in Table 7.3.1.2.2-1 of TS 38.212 to configure ports “0” and “2”. The DM-RS are located on alternate REs.
Observation 2: FDM positioning of DM-RS is also achievable by changing configurations. Note port offset 0 and 2 are needed.
In order to use MIMO, at least rank 2 must be supported. Given the mapping to codewords to layers, only one codeword is needed for rank 2 transmission. The mapping to ports should be provided in the standard so that the FDM is used. The impact of using FDM is that port mapping is not 0,1 (as indicated in other standards) but is 0,2
Conclusion
Minor updates to 38.141-1 are needed to capture TAE testing with MIMO.
Observation 1: test model descriptions require minor changes to capture MIMO transmissions for TAE testing.
Of the two options, CDM and FDM, both are possible. For convenience, the accompanying documents capture CDM.
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