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1. Introduction
In [1], a number of proposals for requirements related to UL MIMO were made. In this document and others, we expand on these proposals.   
2. Discussion 
2.1 Proposals
While UL MIMO should generally not affect DL reception, the TX it was shown in [1] that REFSENS needs to be changed since an additional duplexer insertion loss and self-desense are present. 
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(a) Single Tx Dual-Rx UE













(b) UL MIMO UE

Figure 1 Single-Tx and Dual-Tx UE architecture
The proposal from [1] is given below:  

The Tx configuration for REFSENS and other Rx requirement is defined with certain UL transmission configuration in Rel-9. In the case of Rel-9, the Rx chain of the primary antenna is impacted by self-interference from the Tx chain and duplexer loss. The impact of different insertion loss and self-interference on the two Rx chains is reflected in the REFSENS requirements.

In the case of UL MIMO, both Rx chains suffer from interference leakage from the Tx chain and additional duplexer loss (see Figure 1). We expect REFSENS degradation when the UL is configured to transmit on both Rx chains.

Proposal: For UL-MIMO capable UE, the REFSENS should be defined with following considerations

· If the UL transmission is configured as the single antenna port mode, Rel-9 requirement could be relaxed considering the additional duplexer loss on the secondary Rx chain. 

· Additional ULMIMO-REFSENS requirements should be defined when the UL transmission is configured in spatial multiplexing or Tx diversity mode. 

· Additional UL-MIMO-REFSENS requirements should reflect the additional self interference due to the Tx on the secondary Tx chain.

Proposal: For ACS and blocking requirements, the impact of Tx and interfere mixing on the secondary chain should be evaluated.
2.2 REFSENS Relaxation for Single TX mode
In this section, we consider a possible framework by which the specific values for the additional REFSENS relaxation can be configured. 

In the absence of any transmission self-interference or duplexers, let N be the per antenna noise. Let LDUPLEXER be the duplexer insertion and ISELF-INTERFERENCE be the increase in antenna noise due to a transmit antenna transmitting at 23 dBm. In a Rel 8/9 system, one antenna is used to transmit. On this antenna, the output y1 for any signal input s at the antenna connector follows the following equation: 
y1 = s/√LDUPLEXER + √ISELF-INTERFERENCEn1
On the second antenna, there are no duplexers or self-interference hence the output the output y2 is given by
y2 = s + n2
The effective SNR assuming MRC combining is (S/N)*(1/(LDUPLEXERISELF-INTERFERENCE) + 1). 

Now in the case of 2 TX antennas, there are two modes. In the single TX Rel 8/9 fallback mode, only the first antenna is transmitting so the signal y1 is unchanged at

y1 = s/√LDUPLEXER + √ISELF-INTERFERENCEn1
while the second antenna signal is attenuated to give:

y1 = s/√LDUPLEXER + n1
MRC combining in this case gives us an SNR of (S/N)* (1/LDUPLEXERISELF-INTERFERENCE + 1/LDUPLEXER). The loss in SNR is therefore equal to (1/LDUPLEXERISELF-INTERFERENCE + 1) / (1/LDUPLEXERISELF-INTERFERENCE + 1/LDUPLEXER) = (LDUPLEXERISELF-INTERFERENCE + 1) / (LDUPLEXER + 1)
REFSENS should be relaxed by the same amount to compensate for this.  
REFSENSRELAXATION-1TX-mode = (LDUPLEXERISELF-INTERFERENCE + 1) / (LSELF-INTERFERENCE + 1)
For example, in a band without much self-interference (ISELF-INTERFERENCE = 1) and a 3dB duplexer insertion loss (LDUPLEXER = 2), this translates to a (3/2) or 1.75dB relaxation. Note that this is an example and the relaxations will be band-specific. 

2.2 REFSENS Relaxation for 2 TX mode
In the scenario when both antennas are transmitting, both antennas will be impacted by self-interference. However, since each antenna may only be transmitting at half-the power, the self-interference would be halved. This in turn results in a new scale factor JSELF=INTERFERENCE equal to to (ISELF-INTERFERENCE -1)/2 +1 = (ISELF-INTERFERENCE +1)/2 
y1 = s/√LDUPLEXER + √(JSELF-INTERFERENCE)n1
Thus the post MRC SNR of (S/N)* (2/LDUPLEXERJSELF-INTERFERENCE) = 4 / (LDUPLEXER (ISELF-INTERFERENCE +1) ). The SNR loss is therefore (1/LDUPLEXERISELF-INTERFERENCE + 1) / 4/(LDUPLEXER (ISELF-INTERFERENCE +1) ) = [ISELF-INTERFERENCE +1] [1+LDUPLEXERISELF-INTERFERENCE] / [4ISELF-INTERFERENCE]

This in turns translates to the REFSENS relaxation for the 2 TX mode. 
REFSENSRELAXATION-2TX-mode = [ISELF-INTERFERENCE +1] [1+LDUPLEXERISELF-INTERFERENCE] / [4ISELF-INTERFERENCE]

As a typical example, if the duplexer loss was 2 (3dB) and ISELF-INTERFERENCE was 1.25 (1dB addition to noise figure due to TX self-interference), the relaxation for the 2Tx mode would be approximately 2dB.
3. Conclusion 

Based on the analysis in section 2, we recommend that RAN4 adopt the following proposals:

--- BEGIN TEXT PROPOSAL ---
X.1 REFSENS
The Tx configuration for REFSENS and other Rx requirement is defined with certain UL transmission configuration in Rel-9. In the case of Rel-9, the Rx chain of the primary antenna is impacted by self-interference from the Tx chain and duplexer loss. The impact of different insertion loss and self-interference on the two Rx chains is reflected in the REFSENS requirements.

In the case of UL MIMO, both Rx chains suffer from interference leakage from the Tx chain and additional duplexer loss (see Figure 1). We expect REFSENS degradation when the UL is configured to transmit on both Rx chains.

For UL-MIMO capable UE, the REFSENS should be defined with following considerations

· If the UL transmission is configured as the single antenna port mode, Rel-9 requirement could be relaxed considering the additional duplexer loss on the secondary Rx chain. 

· Additional ULMIMO-REFSENS requirements should be defined when the UL transmission is configured in spatial multiplexing or Tx diversity mode. 

· Additional UL-MIMO-REFSENS requirements should reflect the additional self interference due to the Tx on the secondary Tx chain.

For ACS and blocking requirements, the impact of Tx and interfere mixing on the secondary chain should be evaluated. 

---END TEXT PROPOSAL ---
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