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1. Introduction 
In RAN1#60bis meeting, UCI (ACK/NACK, RI, CQI and PMI) and PUSCH multiplexing in UL SU-MIMO were discussed [1]-[7] and the followings were agreed. 

· Focus the discussion on
· Consider the aspects of simplicity, decoding latency, throughput loss, robustness of UCI
· Different UCI may have different robustness requirements
· It is possible that different UCIs could have different mapping rules
In this document, we discuss the mapping rules for UCI and PUSCH in UL SU-MIMO.
2. Discussion

In Rel.8, CQI/PMI and RI are mapped by rate matching of data. ACK/NACK is mapped by data puncturing. The resources of CQI/PMI are assigned apart from the resources of ACK/NACK and RI. The MCS of UCI is linked to the MCS of PUSCH TB in Rel.8. Namely, MCS of UCI is decided by MCS of PUSCH and the MCS offset value.

A new UCI mapping rule is required for SU-MIMO since two TBs (CWs) are transmitted. We discuss the following two alternatives for UCI mapping rules with SU-MIMO transmission. 

· Alt.1) Resource element used for UCI is rank 1 regardless of rank of the data.
· In this option, UCI is mapped to both layers by spatial diversity. 
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Figure 1 Mapping rules of Alt.1 
· Alt.2) UCI is mapped on the layer(s) associated with one CW. 
· If one CW has multiple layers, UCI is mapped on all layers associated with one CW. 
· In this option, different UCI may be mapped on the layer associated with different CW like figure 2 in order to avoid the collision between ACK/NACK, RI and CQI/PMI. 
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Figure 2 Mapping rules of Alt.2
Comparison of two methods

· Decoding latency 

· Alt.1 can achieve a short latency because no inter-layer interference cancellation is always required. 

· Alt.2 can achieve a short latency if UCI is decoded first in SIC. Alt.2 causes a long latency if UCI is decoded after data decoding in SIC. If no SIC receiver is used, the latency is same with Alt.1.
· The amount of the resource usage by UCI
· Alt.1 may select higher MCS for UCI compared to Alt.2 because Alt.1 does not have inter-layer interference on UCI. Alt.1 has spatial diversity gain between CWs. Hence, Alt.1 may require smaller resources compared to Alt.2 in these aspects. 
· Alt.2 may select better MCS for UCI because Alt.2 can take into account the difference of data MCS between CWs. If the layer mapped on UCI is better channel condition, MCS of UCI can reflect the channel condition better. Then Alt.2 may require smaller resources compare to Alt.1.  
· Robustness of UCI
· If data MCS itself may be inaccurate, Alt.1 may have some benefit by the spatial diversity between layers. On the other hand, data MCS should be well controlled in SU-MIMO. So we think both Alt.1 and Alt.2 may be similar robustness. 
· Standardization effort
· Alt.1 requires the rule how to obtain one MCS of UCI from data MCS levels of multiple CWs. 
· For both Alt.1 and Alt.2, multiple MCS offset values may be required since appropriate MCS offset value may be different depending on the rank of the data. 
· Power imbalance between antennas

· Alt.1 is not affected by power imbalance due to use all antennas for UCI. 

· Alt.2 may require a swap function of UCI-to-layer mapping in order to avoid a UCI is allocated to worse antenna.  
At this point, it is not clear which one is better from the above comparisons. We would like to discuss further taking into account the above discussions. 
3. Conclusion

We discussed and compared the following two mapping rules for UCI and PUSCH in UL SU-MIMO. 
Alt.1) Resource Element used for UCI is rank 1 regardless of rank of the data

Alt.2)  UCI is mapped on the layer(s) associated with one CW.
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