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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 SEM and spurious emission requirements

Regulations applies to the UE terminal, i.e., thus spurious emissions should apply to the total power of the UE instead of per antenna port. Note that this effectively requires lower OOBE from each antenna port/PA.

When the total power is at MOP – MPR, each antenna port Tx power should be on average 3 dB less. Under this scenario, the OOBE from each antenna port is expected to also reduce by 3 dB or more in generic setup. For some difficult bands, this assumption may not hold and further studies are required. In summary, we believe it is feasible to reuse the Rel-9 SEM and spurious emission for the total radiated power.

Proposal: SEM and spurious emission requirement: should apply to the total power for UL MIMO transmission. 

Proposal: SEM and spurious emission requirements: Rel-9 requirements could be used as the working assumption. Corresponding MPR/AMPR requirements require further studies.
2.2 ACLR

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.  As stated earlier, the two Tx chains for an UL-MIMO UE could reuse many Rel-9 components. In this case, the ACLR requirements for Rel-9 could be reused for each antenna port. As a result, the total ACLR cross multiple antennas should also remain the same.

Proposal: ACLR: Rel-9 requirements could be used as the working assumption.
EVM, in-band emission and spectrum flatness

The EVM and other signal quality test could be conducted per antenna port. Given the similar component and architecture, Rel-9 requirements could be used as the working assumption. 

Proposal: EVM and other signal quality test should be defined for each antenna port.

Unlike single antenna port transmission, for UL-MIMO additional requirements are required to ensure the combined signal quality. Similar issues have been addressed in the DL MIMO requirements for eNB [2]:

In Tx Diversity and spatial multiplexing, signals are transmitted from two or more antennas. These signals shall be aligned. The time alignment error in Tx Diversity and spatial multiplexing transmission is specified as the delay between the signals from two antennas at the antenna ports. 

The requirement for an eNB is 65ns or 2Ts. However for a UE it is unclear if such tight time alignment requirements are feasible. Each antenna’s RF chain has its own calibration errors. From this point of view, each UE antenna has its own transmit timing derived independently off the DL timing. Thus a timing misalignment of 12Ts per antenna is possible. Such a 0.5 us time alignment error results in a 1 MHz decorrelation frequency, which may be acceptable as it is comparable to the decorrelation bandwidth on channels such as ETU.  
Proposal: Rel 8/9 timing accuracy requirement should apply on a per-antenna port basis. Further time alignment between antenna ports is FFS. 

Next we consider whether a phase alignment across antennas is necessary. As long as the phase doesn’t change too frequently, the phase error just appears as part of the channel fade. This in turn leads to us to the following proposal. 
Proposal: No phase alignment requirement across antennas is necessary.
3. Conclusion 

Based on the discussion in section 2, we recommend RAN4 adopt the following text proposal:
---BEGIN TEXT PROPOSAL---
X.1 SEM and spurious emission requirements

Regulations applies to the UE terminal, i.e., thus spurious emissions should apply to the total power of the UE instead of per antenna port. Note that this effectively requires lower OOBE from each antenna port/PA.

When the total power is at MOP – MPR, each antenna port Tx power should be on average 3 dB less. Under this scenario, the OOBE from each antenna port is expected to also reduce by 3 dB or more in generic setup. For some difficult bands, this assumption may not hold and further studies are required. In summary, we believe it is feasible to reuse the Rel-9 SEM and spurious emission for the total radiated power.

SEM and spurious emission requirement shall apply to the total power for UL MIMO transmission. 

SEM and spurious emission requirements: Rel-9 requirements could be used as the working assumption. Corresponding MPR/AMPR requirements require further studies.
X.2 ACLR

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.  As stated earlier, the two Tx chains for an UL-MIMO UE could reuse many Rel-9 components. In this case, the ACLR requirements for Rel-9 could be reused for each antenna port. As a result, the total ACLR cross multiple antennas should also remain the same.

ACLR: Rel-9 requirements could be used as the working assumption.
X.3 EVM, in-band emission and spectrum flatness

The EVM and other signal quality test could be conducted per antenna port. Given the similar component and architecture, Rel-9 requirements could be used as the working assumption. 

EVM and other signal quality test shall be defined for each antenna port.

Unlike single antenna port transmission, for UL-MIMO additional requirements are required to ensure the combined signal quality. Similar issues have been addressed in the DL MIMO requirements for eNB [2]:

In Tx Diversity and spatial multiplexing, signals are transmitted from two or more antennas. These signals shall be aligned. The time alignment error in Tx Diversity and spatial multiplexing transmission is specified as the delay between the signals from two antennas at the antenna ports. 

The requirement for an eNB is 65ns or 2Ts. However for a UE it is unclear if such tight time alignment requirements are feasible. Each antenna’s RF chain has its own calibration errors. From this point of view, each UE antenna has its own transmit timing derived independently off the DL timing. Thus a timing misalignment of 12Ts per antenna is possible. Such a 0.5 us time alignment error results in a 1 MHz decorrelation frequency, which may be acceptable as it is comparable to the decorrelation bandwidth on channels such as ETU.  
Rel 8/9 timing accuracy requirement shall apply on a per-antenna port basis. Further time alignment between antenna ports is FFS. 

Next we consider whether a phase alignment across antennas is necessary. As long as the phase doesn’t change too frequently, the phase error just appears as part of the channel fade. This in turn leads to us to the following proposal. 

No phase alignment requirement across antennas is necessary.

---END TEXT PROPOSAL---
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