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1. Introduction
In RAN1#61, some significant progress was made in data and control (UCI) multiplexing on PUSCH [1]:  
Take the following as agreement for both single CC and multi CC:

· HARQ-ACK and RI:

· Replicated across all layers of both CWs 

· TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· FFS: How to determine the number of UCI symbols on each CW and each layer  

· CQI/PMI: transmitted only on 1 codeword

· Reuse Rel-8 multiplexing and channel interleaving mechanisms
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Extension: The input to data-control multiplexing {                                ,
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                                      } is grouped into column vectors                                of length Q_m*L 

· L (1 or 2) is the number of layers the CW is mapped onto

· Enable time (RE) alignment across 2 layers for L=2

· UCI symbol-level layer mapping: same as (treated as a part of) data

· FFS: Mechanism for CW selection

In this contribution, we attempt to progress on the FFS issues identified in the agreement above. Section 2 discusses HARQ-ACK and RI while Section 3 covers CQI/PMI. 
2. HARQ-ACK and RI
It was agreed that HARQ-ACK and RI are replicated across all the layers in case of multi-layer transmission. This offers a spatial diversity gain for HARQ-ACK and RI which can be used to enhance the transmission of HARQ-ACK and RI. The spatial diversity gain can be used in two manners:
1. Reduce the detection error rate beyond what can be achieved without repetition: Here, the number of coded symbols per layer occupied by the UCI is essentially the same as that without repetition in a single-layer (single-port) transmission. An example of this was given in [2]. 
2. Reduce the required number of coded symbols per layer: In this case, the diversity gain from the repetition coding is used to reduce the amount of resource per layer while keeping approximately the same detection error rate requirement as that without repetition. The proposal in [3] represents this possibility. 
The two possibilities represent the trade-off between robustness (lower error rate, more resource needed) and throughput (same error rate, less resource needed). Of course, any trade-off in between is also possible. Overall, it seems desirable to allow the trade-off flexibility as a part of eNodeB implementation (e.g. scheduler design), at least to a reasonable extent. Indeed, this flexibility is already offered in the Rel.8/9 framework as apparent from the formula below (Section 5.2.2.6 of [4]):
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(1)
Here, Q’ is the number of coded symbols for the UCI (HARQ-ACK or RI). 
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 is the UE-specific MCS offset factor [4] which controls the additional coding gain relative to data) configured via higher layer which has the following range (Section 8.6.3 of [5]):

· HARQ-ACK: 15 values from 2.0 to 126.0
· RI: 13 values from 1.25 to 20.0

The MCS offset allows some additional coding gain for the UCI over the data. Note that the MCS offset is always >1. The meaning of the other parameters is given in the Appendix. Note that the above formula holds for a single-layer transmission within the Rel.8/9 paradigm. To extend the above formula for multi-layer transmission with minimum changes, the following should be kept in mind:

· The MCS offset factor only allows coding gain (lower code rate) over the data.
· The aforementioned trade-off flexibility should be supported to allow the possibility for the eNodeB to reduce the amount of resource needed for UCI (measured with Q’) in the presence of the diversity gain from multi-layer transmission. 
Considering the above factors, we propose to extend the Rel.8/9 formula as follows. Denoting Q’ as the number of coded symbols for each layer needed for the UCI:
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(2)
Here, 
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is the number of transport blocks (TB), which is 1 or 2. 
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is the number of bits in code block number r for transport block n (which may be mapped onto 1 or 2 layers). This formula encompasses the one given in [3] for 2-TB transmission. Notice that the denominator in (2) is not normalized with the total number of layers which would otherwise void the possibility of reducing the amount of resource needed for the UCI (since the MCS offset factor is always >1). At the same time, if the eNodeB chooses to use the diversity gain for extra robustness, it may configure the UE to a larger MCS offset factor (where offsets of 2.0, 3.125, and 4.0 are available for both HARQ-ACK and RI [5]). 
It is also possible to define the MCS offset as TB-specific. This, however, does not seem necessary as the same UCI is transmitted across all the layers (and hence all the TBs). 
3. CQI/PMI

It was agreed that CQI/PMI is transmitted only on one codeword with time (RE) alignment and spatial multiplexing across all the layers (1 or 2) the codeword is mapped onto. In this contribution, we address two remaining issues on this matter:
· Mechanism for codeword selection (which codeword carries the CQI)
· Calculation of the amount of resource for the UCI
Regarding the first issue of codeword selection, the spectral-efficient solution is to choose the codeword with the highest MCS level as initially proposed in [6] (see also [7]). By doing this, the number of coded symbols occupied with the UCI is minimized and hence leaving more symbols for data transmission. Another possible proposal is to always choose the first codeword (CW0) (see, e.g. [8]). It should be noted, however, that the notion of codeword comes after TB in TS36.212. Hence, it is perhaps better to specify “which TB” carries the CQI rather than “which codeword” although there is a one-to-one mapping between codeword and TB. The TB with the highest MCS level can be inferred from the TB size. Then, the mapping between TB and codeword is determined by the TB-to-CW swap flag in the DCI format of the UL grant (see, e.g. [9]). If the TB-to-CW swap flag is used, it is possible to map the TB associated with the highest MCS level to the first codeword (CW0). This is quite consistent with a rule that CW0 is always enabled (used in the Rel.8/9 DL SU-MIMO which may also be used in the Rel.10 UL SU-MIMO).Hence, the “codeword” selection rule can be defined as follows when 2-codeword PUSCH transmission occurs:

· TB with the highest MCS level carries the UCI (CQI/PMI). The MCS level can be inferred from the TB size, i.e. 
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 for TB-n (n=1,2). 
· Furthermore, it is possible to always map such TB onto CW0 via the TB-to-CW swap flag. If this is applied, CW0 is the designated codeword which carries the UCI. With this mechanism, the eNodeB is actually allowed some freedom in choosing the TB on which the UCI is multiplexed with data.   

Having resolved the first issue, the UCI resource calculation is analogous to that for HARQ-ACK and RI despite its different mechanism. In Rel.8/9, the formula for calculating the number of coded symbols for the UCI is given as follows:
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(3)
The meaning of the notation is given in the Appendix. Since only one TB is utilized to carry the UCI, the formula in (3) can simply be extended as follows: 
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(4)
Here,
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denotes the selected TB for the UCI transmission. For 1-TB transmission, it is set to 1 by default. Note that this extended formula can be used mainly due to the fact that the SINR experienced by the UCI resembles the data SINR. Note that the same set of values for 
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in Rel.8/9 can be used, i.e. 14 values from 1.125 to 6.25. 
4. Conclusion
To finalize the remaining issues on UCI multiplexing on PUSCH, our recommendation can be summarized as follows:
· For multi-layer/multi-TB PUSCH transmission, the number of coded symbols used for the UCI can be computed as (2) and (3) for HARQ-ACK/RI and CQI (PMI included), respectively. The same set of Rel.8/9 beta offset values can be used. 

· TB with the highest MCS level carries the UCI (CQI/PMI). The MCS level can be inferred from the TB size, i.e. 
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 for TB-n (n=1,2). 
· Furthermore, it is possible to always map such TB onto CW0 via the TB-to-CW swap flag. If this is applied, CW0 is the designated codeword which carries the UCI.
Appendix
Below is the meaning of the notation used in [4] (largely copied from [3]):
	Notation
	Meaning
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	number of ACK/NACK, RI, or CQI bits
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	initially scheduled bandwidth for the same TB, expressed as # of subcarriers 
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	scheduled bandwidth for the current PUSCH in the unit of subcarrier 
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	number of code blocks for the TB 
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	number of bits for code block number r 
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	offsets configured by higher layers 
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	number of SC-FDM symbols in the subframe for initial PUSCH transmission 
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	number of SC-FDM symbols in the current PUSCH transmission subframe 

	L
	The number of CRC bits (L=8 for CQI)
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