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1. Introduction

In RAN1#60bis, the discussions of UCI multiplexing on PUSCH focused on the number of CWs, CW selection if only one CW is allowed for UCI multiplexing and the mapping rules to the associated resource elements (REs).  The new design of UCI multiplexing on PUSCH in case of SU-MIMO should consider the following aspects:
· Simplicity, decoding latency, throughput loss due to replacement of data by UCI and robustness of UCI reception.
· Different UCI may have different robustness requirements

· It is possible that different UCIs could have different mapping rules

In this contribution, we discuss the system design issues of UCI multiplexing with data on PUSCH.  We also analyze the alternatives of multiplexing UCI on PUSCH for UL SU-MIMO.  
2. UCI Multiplexing on PUSCH

2.1. One CW vs. Two CWs
In LTE-A Rel-10, up to two CWs are supported for PUSCH transmission with multiple antennas.  As discussed in [1-8], the UCI could be multiplexed across two CWs or onto only one CW.  Each CW has its own MCS level and independent link adaptation.  Since the layer shifting for PUSCH was precluded from Rel-10, the two CWs would be mapped to independent layers.  If UCI are multiplexed with data over two CWs, the eNB must correctly decode both CWs simultaneously to obtain all UCI.  The complexity to decode the UCI reliably with mapping to two CWs is high with little benefit in performance.  In particular with a SIC receiver, correct UCI decoding would rely on correctly decoding of the second CW after cancelling the interference from the first CW
.  This further increases the complexity and degrades the reliability of UCI decoding.  Therefore, UCI multiplexing on one CW is preferred considering the aspects of robustness of UCI reception and decoding latency.
2.2. CW Selection
If UCI multiplexing on only one CW is allowed, the issue of CW selection out of two CWs arises. Some criteria to select the appropriate CW have been presented in [1, 3-6] such as better channel quality, higher SINR, higher MCS level, lower decoding latency and less throughput loss, etc.  Several methods to signal the selected CW to the UE were discussed, including semi-static configuration by higher layers, signalling dynamically via PDCCH, implicit indication by MCS, and fixing the selected CW.  
From the point of view of the control signalling overhead, it is most attractive to use a fixed CW (e.g. the first CW), or a CW that can be implicitly indicated, e.g. the CW with the higher MCS level, as indicated implicitly by the MCS field on the PDCCH.  
However, it should be noted that the MCS level may not necessarily be a reliable indicator of the reception reliability of the UCI, since according to the Rel-8 UCI multiplexing rule the number of REs used by the UCI is based on the MCS level of the PUSCH – i.e. the UCI will simply use more REs if the PUSCH MCS is low, in order to maintain the same UCI decoding reliability. 
Taking into account the requirements of a SIC receiver, the UCI should preferably be multiplexed with the CW designed to be decoded successfully first.  In the case of pre-ordered SIC receiver, the CW designed for first successful decoding might opt to use a lower MCS level and the second CW might use a higher MCS to take advantage of inter-CW interference cancellation.  
From the point of view of PUSCH throughput loss, there should be little difference depending on which CW the UCI is mapped to, because the UCI will use more REs out of a PUSCH with low MCS and fewer REs out of a PUSCH with high MCS. Therefore this does not seem a significant factor. 

Therefore, for simplicity we propose that UCI should simply be multiplexed with CW #1. This leaves the eNB the freedom to ensure that CW #1 is designed for first decoding in the case of a SIC receiver if the eNB wants to do so.
2.3. Mapping rules

The UCI multiplexed on PUSCH are composed of HARQ ACK/NACK, RI and CQI/PMI.  Since these UCI have different robustness requirements, it is possible to map the UCI to REs differently (as in Rel-8).
2.3.1.  One layer vs. two layers of one CW
In the case that one CW is mapped to only one layer, the UCI mapping scheme of Rel-8 could be reused.  For four transmit antenna ports, the case of one CW mapped to two layers is applicable.  In this case, the UCI could be mapped on one layer or across two layers.  Mapping UCI over two layers could achieve additional spatial diversity gain.  Moreover, when the UCI payload is very large especially for the asymmetric UL/DL carrier aggregation, mapping UCI over only one layer may incur a mismatch of MCS and PMI selection for these two layers, which degrades the performance gain for the data.  Therefore, we suggest that the UCI symbols should be mapped over all the layers of the CW.
2.3.2. Mapping to REs

In the previous contributions [1-4, 8], two alternatives of mapping rules are proposed as follows,
· Alt1: Mapping UCI on the same REs across the layers with the UCI on one layer being a replica of the UCI on the other layer
In Alt1, the UCI symbols are repeated over each layer.  At the receiver, the signals of the two layers are decoupled and then followed by equalization before the IDFT process.  Therefore, the repeated UCI over the two layers cannot be coherently combined and the received SNR cannot be increased.  In addition, inter-layer interference between the two layers cannot be avoided.  As a result, the data throughput on the second layer is lost without benefits.

· Alt2: Mapping UCI on the same REs across the layers without repeating the UCI
In Alt2, different UCI occupy almost the same REs of two layers.  The HARQ ACK/NACK and RI are punctured into the coded data subcarrier-by-subcarrier.  Thus the HARQ ACK/NACK and RI occupy 16 symbols totally for two layers.  It may have a challenge to the advanced receiver.
To reduce the complexity of advanced receiver, we propose a third alternative as follows: 

· Alt3: Mapping UCI on different REs across the layers as much as possible
As illustrated in Fig. 1, we give an example of mapping UCI on different REs across the layers.  In this example, the RI and ACK/NACK located on the left side of the DM RS are multiplexed on the 1st layer and the RI and ACK/NACK located on the right side of DM RS are shifted to the 2nd layer.  Although, after the DFT process, the RI and ACK/NACK are spread over all subcarriers, they are still located on the original DFT-precoded symbols.  At the receiver, the two layers are decoupled symbol-by-symbol by MMSE.  In Alt3, the HARQ ACK/NACK and RI occupy 8 symbols totally for two layers, which limits the receiver complexity for both UCI and data. 
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Fig. 1
Example of UCI multiplexing on different REs across two layers

3. Conclusions

In this contribution, we discuss and present our views on the UCI multiplexing with data on PUSCH from the viewpoint of number of CWs, CW selection and mapping rules.  We prefer
· UCI multiplexing on only one CW.
· The one CW is the first CW. Therefore no signalling is required to indicate which CW contains the UCI.
· UCI multiplexing is on both layers if one CW is mapped to two layers.
· UCI is mapped on different REs of the two layers as much as possible.
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