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1. Introduction
In RAN4#90bis meeting, a WF [1] on TAE requirements was agreed with the following open issues to be solved in RAN4#91meeting. 
	· 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 
· Apply the same changes to NR parts in 37 series in next meeting



This paper will give our view on these open issues.
2. Discussion
Although there are option 1 (option 1A and option 1D) and option 2( option 2D) for how to implement TAE testing, we think the key issue is how to test TAE for NR BS with PDSCH DMRS because the CRS is not supported in NR.

	Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.
	
	
CDM group 
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1






The PDSCH DM-RS configuration type 1 is defined for NR test model in TS 38.141-1 and TS38.141-2, the CDM group for PDSCH DM-RS configuration type 1 is defined in Table 7.4.1.1.2-1 in section 7.4.1.1.2 of TS38.211 as shown in the above table.  Table 7.4.1.1.2-1 indicates that the DMRS port p=1000 and p=1001 are belonging to CDM group 0, and the DMRS port p=1002 and p=1003 are belonging to CDM group 1. The DMRS signal between different DMRS ports in same CDM group are CDMed, and DMRS signal between different DMRS ports in different CDM groups are FDMed.  Only if MIMO is configured to greater than rank 2 transmission, CDMed and FDMed DMRS signal are applied, otherwise only CDMed DMRS signal on DMRS port p=1000 and p=1001 need to be configured for rank 1 or rank 2 transmission.
[bookmark: _GoBack]Because NR MIMO transmission is carried on all transmitter with full array using codebook defined in current TS 38.214 section 5.2.2.2, so the different layer’s data is distinguished by different precoding matrix of codebook defined in TS38.214 instead of different transimiter(or connector). So it is enough to consider rank 2 MIMO transmission with two DMRS antenna port p=1000 and DMRS antenna port p=1001 for TAE testing. We think the TAE testing only need to consider the TAE between different layers differentated by different DMRS ports.

Observation 1: Rank 2 MIMO transmission with two DMRS antenna port p=1000 and DMRS port p=1001 for TAE testing is applicable.


There are four kinds of NR BS including BS type 1- C , BS type 1-H, BS type 1-O and BS type 2-O defined in TS38.104. how to implement TAE testing for these four kinds of NR BS with rank 2 MIMO transmission with two DMRS port p=1000 and DMRS port p=1001 is discussed in the following.





The DMRS signal mapped to resource elements  for antenna port for subcarrier spacing configuration  for PDSCH is defined as  in TS38.211 section 7.4.1.1.2.  Because the DMRS signal for PDSCH is beamformed at baseband with same beamforming weight for PDSCH, assuming the mapping of transmitter between and radiating element/subarray is 1:1, so the number of transmitters is equal to the number of radiating element/subarray. The two CDMed DMRS signal after beamforming at resource elements  transmitted by each transmitter can be expressed as:


Where,  



 is CDMed DMRS signal for DMRS antenna port for PDSCH layer .



             is CDMed DMRS signal for DMRS antenna port for PDSCH layer .


            is DMRS signal after beamforming transmitted by  transmitter.



 is beamforming weight for  transmitter for PDSCH layer .



 is beamforming weight for  transmitter for PDSCH layer .

is total number of transmitters. 





For conducted TAE testing (for BS type 1-C, and BS type 1-H), measureement equipment is directly connected to the transceiever unit array, not via subarrays. Asumming measureement equipment is only directly connected to   and transmitter for conducted TAE testing, So received DMRS signal at measurement equipment from  and transmitter can be expressed as: 




Where,


           is RF transmission channel for   transmitter.


            is RF transmission channel for   transmitter.


Because the are   and  are orthogonal, so the measurement can obtain the four estimated channels as following:

,

,

,

.




So, ( and ) or  ( and ) estimated by different DMRS antenna port belonging to different transmitter can be used for conducted TAE testing.

Observation 2: For BS type 1-C and BS type 1-H, the TAE should measure the time alignment error between the different PDSCH demodulation reference signals on different DMRS antenna port on different connector. 

For OTA TAE testing(for BS type 1-O and BS type 2-O),  measurement equipment receive beamformed DMRS signal by array over the air. So received DMRS signal at meausrement equipment by OTA can be expressed as:


Where, 


 is radiation pattern of radiating element/subarray at direction.


 is array factor (or super position vector) of array at direction .


 is RF transmission channel for   transmitter.


Because the are   and  are orthogonal, the measurement can obtain the two estimated channels as follwing: 



,


So,  and estimated by different DMRS antenna port can be used for OTA TAE testing.
Based on above discussion, two CDMed DMRS signal configured for Rank 2(two layer) transmission can be used for not only BS type 1- C and BS type 1-H conducted TAE testing but also BS type 1-O and BS type 2-O OTA TAE testing. so the option 1A for TAE testing for NR BS with MIMO is feasible.

Observation 3: For BS type 1-O and BS type 2-O, the OTA TAE should measure the time alignment error between the different PDSCH demodulation reference signals on different DMRS antenna port on different beams. 


Based on the above discussion, we propose,
Proposal 1:  Adding “Rank 2 (double layers) for NR-FR1-TM1.1” to Data content of Physical channels and Signals for NR-FR1-TM in TS38.141-1. And update the test procedure in 38.141-1 as to measure time alignment error between the different PDSCH demodulation reference signals on different antenna ports on different connectors.

Proposal 2: Adding “Rank 2 (double layers) for NR-FR2-TM1.1” to Data content of Physical channels and Signals for NR-FR2-TM in TS38.141-2. And update the test procedure in 38.141-2 as to measure time alignment error between the different PDSCH demodulation reference signals on different antenna ports on different beams.

The agreed WF also pointed out removing “TX diversity” is need in NR parts in 37 series in RAN4#91 meeting. Based on the above discussion, CRS is not supported in NR and also needs to be replaced by PDSCH DMRS. So we propose,

Proposal 3: Remove TX Diversity and replace CRS with PDSCH DMRS for NR for TAE requirement in TS37.105, TS37.145-1 and TS37.145-2.


3. Conclusion
This contribution discussed how to implement TAE testing and gave our proposal.
Proposal 1:  Adding “Rank 2 (double layers) for NR-FR1-TM1.1” to Data content of Physical channels and Signals for NR-FR1-TM in TS38.141-1. And update the test procedure in 38.141-1 as to measure time alignment error between the different PDSCH demodulation reference signals on different antenna ports on different connectors.

Proposal 2: Adding “Rank 2 (double layers) for NR-FR2-TM1.1” to Data content of Physical channels and Signals for NR-FR2-TM in TS38.141-2. And update the test procedure in 38.141-2 as to measure time alignment error between the different PDSCH demodulation reference signals on different antenna ports on different beams.

Proposal 3: Remove TX Diversity and replace CRS with PDSCH DMRS for NR for TAE requirement in TS37.105, TS37.145-1 and TS37.145-2.
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