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1
Introduction
In the recent RAN4 meetings, REFSENS requirements for UL MIMO were discussed [1], and the following requirements were agreed.
· UL MIMO receiver performance for multi antenna port mode (MAPM) with 2-layer transmission will be comparable to Release 8/ 9 requirements.

This contribution discusses and proposes how to specify REFSENS requirements for single antenna port mode (SAPM) and single layer pre-coding transmission.

2
Discussion
As discussed in [2], the same TX/ RX architecture as the primary port for Release 8/ 9 UE is assumed to the secondary port for UL MIMO UE, and the influence of self-interference would depend on single layer transmission methods. We provide brief analysis on each transmission method in the following:
· Option 1: Using only 1 TX antenna

· The de-sense noise is the same level as Release 8/ 9 transmission since the one TX port is used in single layer transmission.

· Option 2: TX antenna switching between physical antennas

· The de-sense noise is the same level as Release 8/ 9 transmission since the one TX port is used in single layer transmission.

· Option 3: Single layer pre-coding with 2 TX antennas

· The de-sense noise level would increase, because the same signals are transmitted from the primary and secondary TX ports, i.e. something like beam forming gain would apply to the self interference signals.

· On the other hand, when the transmit power level is reduced by 3 dB (23 dBm to 20 dBm), the inter-modulation (IM) level would decrease by more than 3 dB due to better amplifier linearity. This aspect would mitigate the effects of the self interference. 
· It would be difficult to estimate actual impacts of the self interference on the REFSENS requirements, because it would depend on how much role the self interference would play. It would depend on the frequency band. 

Based on the analysis, it is concluded that REFSENS for SAPM and single layer pre-coding transmission in MAPM should be studied band-by-band. 

Proposal 1) REFSENS for SAPM and single layer pre-coding transmission in MAPM should be studied band-by-band.

In Band 1, the duplex gap is large and the de-sense noise would be negligible compared to the thermal noise. 

Proposal 2) Release 8/ 9 REFSENS requirements should be re-used for UL MIMO SAPM and single layer pre-coding transmission on Band 1.
3
Conclusion
This contribution discussed and proposed how to specify REFSENS requirements for single antenna port mode (SAPM) and single layer pre-coding transmission on UL MIMO. Our proposals are summarized below:
Proposal 1) REFSENS for SAPM and single layer pre-coding transmission in MAPM should be studied band-by-band.

Proposal 2) Release 8/ 9 REFSENS requirements should be re-used for UL MIMO SAPM and single layer pre-coding transmission on Band 1.
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