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1 Introduction

Although substantial progress has been made in finalizing the rules for multiplexing UCI in SU-MIMO PUSCH transmissions, the UCI resource determination for re-transmissions of a single TB either on its own or with the initial transmission of another TB has not been resolved yet. This contribution considers the above two aspects.

2 UCI Resources in PUSCH for Single-CW Retransmission
2.1 Determination of PUSCH Initial Size and Number of Symbols 
The UCI resource determination relies on the PUSCH PRB size for the initial TB transmission, 
[image: image1.wmf]initial

-

PUSCH

sc

M

, and on the number of symbols of the initial TB transmission, 
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, as SRS multiplexing may or may not exist in retransmissions. With SU-MIMO, if the first TB, TB0, and the second TB, TB1, were initiated in different sub-frames, it is not clear how 
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 are derived if, for example, TB0 corresponds to an initial transmission and TB1 to a retransmission for which the initial transmission was of different size. This issue was identified in [1] and additional solutions were subsequently proposed in [2, 3]. The possible alternatives are now considered.
Alternative 1: Modify the baseline formula as [1]
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      (1).
This approach correctly derives the HARQ-ACK/RI resources and solves the issue of multiplexing the initial transmission of a TB with the retransmission of another TB. Moreover, it represents the direct parallelization of the derivation for the Rel.8 SIMO formula to the SU-MIMO operation. In [3] it is claimed that because of the division in the denominator, there may be some arithmetic precision issues causing a different understanding of the resources between the UE and the NodeB. However, this is not a serious concern because a division already exists in Rel.8 and even if there is a rounding error, the inaccuracy will be limited to typically 1 coded symbol and its impact on UCI or data decoding is negligible (this was also identified since Rel.8). Moreover, it is a trivial matter to modify the formula in Equation (1) to its mathematical equivalent as presented in [2] and avoid this division. 
Alternative 2: Choose 
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 that result in the largest 
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 value [2, 3].

This alternative ensures that adequate resources will be available for HARQ-ACK/RI multiplexing at the expense of introducing unnecessary overhead. Considering that the HARQ-ACK payload in TDD systems may often be 
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 bits, over-dimensioning the resources by choosing the largest 
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 value and then scaling by 
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 is very likely to require all 4 available DFT-S-OFDM symbols even for moderate 
[image: image14.wmf]PUSCH

offset

b

 values thereby increasing HARQ-ACK/RI overhead which can already be substantial to support CA (especially for TDD).  
Alternative 3: Choose 
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 for the TB having the later initial transmission [2, 3].

This alternative is heuristic. It may overestimate or underestimate the resources for HARQ-ACK/RI multiplexing in the PUSCH rather randomly and therefore it cannot be viewed as an alternative providing robust system operation.
Given that UCI overhead, in conjunction with CA, is a significant concern and that the target HARQ-ACK reliability requires robust system operation, Alternative 1 is preferable particularly since it also reflects in general the proper UCI resource determination in the PUSCH and follows the Rel.8 agreed principles. 

Proposal 1: The UCI resources in SU-MIMO PUSCH transmissions are determined as in Equation (1).

2.2 Determination of 
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 for Single TB Retransmission
In order to determine 
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 for a single-TB retransmission, the link between the beta-offset values for single-CW and multi-CW PUSCH transmissions needs to be established. Assuming that the capacity curve is linear between the SINR operating points for the two CWs, the virtual MCS of the combined transmission of the two CWs can be viewed as the average of the individual MCS. Moreover, since the CWs can have different MCS and the UCI BER is predetermined and independent of the CW BLER, the 
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 value that would be used to determine the UCI resources if only 
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 was transmitted should be different than the 
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 value that would be used to determine the UCI resources if only 
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 was transmitted. However, under the previous assumption, a 
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 value that is common to both CWs can be defined as 
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 and (using the baseline formula)
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Equivalently, the beta offset value corresponding to PUSCH transmissions with 2 CWs, 
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, is practically the average of the beta offset values corresponding to PUSCH transmissions with each individual CW, 
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. The selection of the 
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 value is of course an implementation issue.
The 
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 value can either be assumed to be the same as for single-CW transmission (e.g. SIMO or rank-1 SU-MIMO) or that is also signaled, together with the 
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 value (used for SIMO or rank-1 SU-MIMO). In either case, 


[image: image33.wmf]PUSCH

CW

offset

PUSCH

CW

CW

offset

PUSCH

CW

offset

0

1

0

1

,

,

,

2

b

b

b

-

×

=

+

.
In case of a retransmission only with 
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 by using the baseline formula, the HARQ-ACK/RI symbols per layer are determined as 
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    (1)
The variable “x” represents either the CW in the PUSCH retransmission or the respective transport block index (in 
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) corresponding to that CW (x = 0 or x =1).

Proposal 2: The number of coded modulation symbols for HARQ-ACK or RI multiplexing in the PUSCH with single-CW retransmission is determined as in Equation (2). 

Another issue is the beta offset value used to determine the resources for CQI multiplexing (in a single CW) in a SU-MIMO PUSCH transmission. As this single CW will not be predetermined (e.g. it will be the one with the highest MCS or highest TBS) and the respective MCS for each CW can be different, using the same 
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 regardless of whether the PUSCH transmission is with single-CW (SIMO or rank-1 SU-MIMO) or multi-CW and regardless of which CW is selected in case of multi-CW PUSCH transmission will obviously lead to inconsistent CQI reliability. 

Similar to the HARQ-ACK or RI transmission, if 
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 is assumed to be the same as for SIMO PUSCH transmission, then only 
[image: image41.wmf]CQI

CW

offset

1

,

b

 needs to be signaled. Otherwise, both 
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 need to be signaled. Then, coded modulation symbols for CQI transmission is determined as 
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    (2)
The notation is as in [4] and the variable “x” in 
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 represents the transport block index corresponding to the selected CW (x = 0 or x =1). 
Proposal 3: The number of coded modulation symbols for CQI multiplexing in the PUSCH with SU-MIMO transmission is determined as in Equation (3). 

3 Conclusions

This contribution considered the HARQ-ACK or RI resource determination in case of PUSCH retransmission with a single CW, when the initial transmission was with two CWs, and the CQI resource determination in a SU-MIMO PUSCH transmission.
Proposal 1: The UCI resources in SU-MIMO PUSCH transmissions are determined as in Equation (1).

Proposal 2: The number of coded modulation symbols for HARQ-ACK or RI multiplexing in the PUSCH with single-CW retransmission is determined as in Equation (2). 

Proposal 3: The number of coded modulation symbols for CQI multiplexing in the PUSCH with SU-MIMO transmission is determined as in Equation (3). 
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