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1.  			Introduction
In RAN4#93 meeting, the condition of antenna configuration for some UL-MIMO Tx requirements in FR1 was discussed but not concluded [1-3]. This paper is to recollect the background when the current condition of antenna configuration for UL-MIMO was determined. 
2. 	Discussion
As pointed out in [1], in some UL-MIMO Tx requirements for spurious emission, the condition of antenna configuration is defined as the approach of "each transmit antenna connector". As for one example, spurious emission for UL-MIMO in the current TS 38.101-1 is defined as follows. 


=====
[bookmark: _Toc21344422][bookmark: _Toc29801909][bookmark: _Toc29802333][bookmark: _Toc29802958]6.5D.3	Spurious emission for UL MIMO
For UE supporting UL MIMO, the requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products are specified at each transmit antenna connector.
For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements specified in subclasuse 6.5.3 apply to each transmit antenna connector. The requirements shall be met with the UL MIMO configurations described in clause 6.2D.1.
If UE is configured for transmission on single-antenna port, the requirements in clause 6.5.3 apply.
=====


This condition is the same of LTE UL-MIMO in TS 36.101. The technical analysis about this condition when the requirement for UL-MIMO was discussed is captured in TR 36.807. In this TR, the conditions when approaching "each transmit antenna connector" was adopted are described as follows. 


=====
[bookmark: _Toc329958282]6.6B	Output RF spectrum emissions
The UE transmission power is controlled by the power control mechanism specified in TS36.213, and the same power control algorithm is applied to control the total UE transmission power for single-antenna connector transmission and multi-antenna connector transmission. The same maximum output power per UE is applied to both single-antenna connector transmission and multi-antenna connector transmission, and the UE total transmission power is always being controlled to be below the UE total maximum output power.
LTE Advanced coexistence study has been conducted and the results are captured in Chapter 12 in TR36.942 (Rel-10), "LTE Advance Coexistence". For UE with multiple transmit antenna, the coexistence study results shall be the same, if same ACIR model is applied to the same total maximum output power for UE.
The average transmission power per antenna connector in 2 TX UL MIMO transmission is reduced by 3 dB comparing with that of single antenna connector transmission per UE. Therefore, the average unwanted emissions per antenna would be basically reduced by 3 dB as well. As a result, the total amount of unwanted emission of multi-antenna connector transmission per UE would be the same as that of single-antenna connector transmission per UE. Consequently, the impact of total amount of unwanted emissions from a Release 10 UE with UL-MIMO supported would be the same as a Release 8 UE in terms of co-existence with legacy systems in the adjacent bands.
It is concluded that even when the "per antenna connector" approach is adopted in the specifications, the total amount of unwanted emissions of a Release 10 UE supporting UL-MIMO would be the same as that of a Release 8 UE in real network if the same power control mechanism and the same total maximum transmission power are applied. Therefore, there would be no co-existence issue with other legacy systems in the adjacent bands even when the unwanted emission requirements are defined as "Release 8/9 requirements per antenna connector" which is also in line with the regulatory recommendation in ITU-R SM.329.
In summary, the requirements for UE with two transmit antenna connectors are "to apply the Rel.-8/9 unwanted emission requirements at each antenna connector".
=====


[bookmark: _GoBack]Firstly, it is clear that the above report was made under the condition that the total amount of unwanted emissions of UE supporting UL-MIMO would be the same as that of UE not supporting UL-MMO. This precondition comes from the regulatory recommendation in ITU-R. 

Observation 1: In LTE, the total amount of unwanted emissions of UE supporting UL-MIMO is the same as that of UE not supporting UL-MMO considering the regulatory recommendation in ITU-R. 

We shall also follow it in NR since the above regulatory recommendation does not change. If we do not follow it, there is a risk to violate the regulation in many countries. 

Proposal 1: In NR, the total amount of unwanted emissions of UE supporting UL-MIMO shall also be the same as that of UE not supporting UL-MMO like LTE. 

Considering the observation 1, it is straightfoward that the requirements of spectrum emission for UL-MIMO are defined as "the sum of all transmit antenna connectors". But due to some reasons, "each transmit antenna connector" approach was adopted to them. In addition, the above TR clearly shows the limitation that "each transmit antenna connector" approach can be adopted under the condition that the average transmission power per antenna connector in UL-MIMO transmission is reduced by 3 dB comparing with that of single antenna connector transmission. 

Observation 2: The approach of "each transmit antenna connector" can be adopted only when the average transmission power per antenna connector in UL-MIMO transmission is reduced by 3 dB comparing with that of single antenna connector transmission. 

NR UL-MIMO was already discussed in the past meetings and "each transmit antenna connector" approach was also adopted like LTE. Furthermore, new UL-MIMO function, such as full power transmission, is going to be specified. On the other hand, it is not clarified that whether the requirement for UL-MIMO follows observation 2 or not. We need to confirm it as soon as possible. 

Proposal 2: RAN4 confirm whether "each transmit antenna connector" approach can be adopted or not in the current UL-MIMO spec and ongoing functions for UL-MIMO. 


3.  		Conclusion
This paper shows the background of determining the condition of antenna configuration for UL-MIMO in LTE and proposes to confirm whether the same approach can be adopted or not. 

Observation 1: In LTE, the total amount of unwanted emissions of UE supporting UL-MIMO is the same as that of UE not supporting UL-MMO considering the regulatory recommendation in ITU-R. 

Observation 2: The approach of "each transmit antenna connector" can be adopted only when the average transmission power per antenna connector in UL-MIMO transmission is reduced by 3 dB comparing with that of single antenna connector transmission. 

Proposal 1: In NR, the total amount of unwanted emissions of UE supporting UL-MIMO shall also be the same as that of UE not supporting UL-MMO like LTE. 

Proposal 2: RAN4 confirm whether "each transmit antenna connector" approach can be adopted or not in the current UL-MIMO spec and ongoing functions for UL-MIMO. 
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