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1 Introduction

In RAN1#62, it was agreed to adopt two RRC-configured PUSCH beta offset values, one for single-CW transmission and the other for multi-CW transmission, and to not support per-CW beta offset value for multi-CW transmission. As the HARQ-ACK or RI resources (coded modulation symbols) are determined based on the initial transmission, it is not clear under the second part of the above agreement how to derive these resources for a single-CW PUSCH retransmission when the initial transmission (for the same HARQ process) was with two CWs. 
This contribution considers the determination of HARQ-ACK or RI resources for single-CW retransmissions. For brevity, HARQ-ACK or RI (but not CQI) will be jointly referred to as UCI.
2 UCI Resources in PUSCH for Single-CW Retransmission
In order to determine the UCI resources (coded modulation symbols) in the PUSCH for a single-CW retransmission, the link between the beta-offset values for single-CW and multi-CW PUSCH transmissions needs to be first established. UCI is replicated across all layers and the UCI symbols are time-aligned across all layers. For rank-2 and rank-4 PUSCH transmissions, the same number of layers is allocated among the CWs while for rank-3 PUSCH transmission, 
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 is allocated one spatial layer while 
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 is allocated two spatial layers but the precoder is such that the transmission power is twice for the single spatial layer allocated to 
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. Therefore, the transmission power per CW is the same regardless if rank-2, rank-3, or rank-4 SU-MIMO is used for the PUSCH transmission.

As a consequence of the above, assuming that the capacity curve is linear between the SINR operating points for the two CWs, the virtual MCS (or spectral efficiency), 
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, of the combined transmission of the two CWs can be viewed as the average of the individual MCS (or individual spectral efficiencies). 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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 offset value that would be used to determine the UCI resources if only 
[image: image6.wmf]0

CW

 was transmitted should be different than the 
[image: image7.wmf]PUSCH

CW

offset

1

,

b

 offset value that would be used to determine the UCI resources if only 
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 was transmitted. However, under the previous assumption that the capacity curve is linear between the SINR operating points for the two CWs, a 
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 offset value that is common to both CWs can be defined as 
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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 beta offset value 
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 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 and the 
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 value (used for SIMO or rank-1 SU-MIMO). In either case, 
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In case of a PUSCH retransmission only with 
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, the UCI modulation symbols per layer are determined as 
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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).

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 
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 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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The notation is as in [1] and the variable “x” in 
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 represents the transport block index corresponding to the selected CW (x = 0 or x =1). 
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 number of coded modulation symbols for HARQ-ACK or RI multiplexing in the PUSCH with single-CW retransmission is determined as in Equation (1). 

Proposal 2: The number of coded modulation symbols for CQI multiplexing in the PUSCH with SU-MIMO transmission is determined as in Equation (2). 
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