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1 Introduction

To support multiple starting and ending position for UL transmission, three PUSCH modes are introduced. PUSCH mode 1 enables starting PUSCH transmission from slot #0 or slot #1 depending on LBT outcome, PUSCH mode 2 supports PUSCH transmission from slot #1 by explicit indication, and PUSCH mode 3 supports PUSCH transmission finished at the end of slot #0 or slot #1 by explicit indication. To avoid the impact of dropping slot #0 on UCI (A-CSI) transmission piggybacked in PUSCH for PUSCH mode 1, RAN1 agreed that when UCI is sent along with UL-SCH, the UCI is rate-matched in slot #1 of a subframe with Mode 1 operation, regardless this Mode 1 subframe is actually full or partial. It is unclear how to deal with UCI transmission without UL-SCH which will be discussed in this contribution. 
2 Discussion
RAN1 have made the following agreements for UCI transmission for PUSCH mode 1/2/3,

Agreement: 

When UCI is sent along with UL-SCH, the UCI is rate-matched in the 2nd slot of a subframe with Mode 1 operation, regardless this Mode 1 subframe is actually full or partial.
Agreement: 

UCI is rate-matched in the 2nd slot of the Mode 2 partial UL subframe.
Agreeement: 

UCI is rate-matched in the 1st slot of a subframe ending in symbol #6.
Agreement: 

· Amount of physical resources for UCI transmission in a subframe is calculated based on two slots if that subframe is indicated as Mode 1 and is calculated based on one slot if that subframe is indicated as Mode 2 or as an ending partial SF.

In summary, the above agreement includes two aspects,  

(1) In which slot to map UCI: Always map UCI in slot #1 (2nd slot of a subframe) for both PUSCH mode 1 and mode 2 when UCI is transmitted with UL-SCH. 
(2) The amount of physical resources for UCI transmission: It is calculated based on two slots if that subframe is indicated as Mode 1, and the amount of physical resources for UCI transmission in a subframe is calculated based on one slot if that subframe is indicated as Mode 2 or mode 3.
For avoid UCI performance degradation due to puncturing, the UCI mapping rule (1) should be reused for the case of UCI without UL-SCH for PUSCH mode 1, i.e. UCI is mapped to all resources within slot #1. 
But it would be problematic, for UCI without UL-SCH for PUSCH mode 1, to determine the number of physical resources for UCI transmission based on two slots according to (2). In the case of UCI without UL-SCH, the number of modulation coded CQI symbols is determined by (section 5.2.4.1 in TS 36.212)，
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is the number of SC-FDMA symbols in the current PUSCH transmission subframe/slot/subslot given by 
[image: image3.wmf](

)

PUSCH

PUSCH

PUSCH

N

N

N

N

N

end

start

SRS

UL

symb

symb

~

-

-

-

=

, where 
-

[image: image4.wmf](

)

1

~

UL

symb

UL

symb

-

=

N

N

 for PUSCH with slot duration, or for Partial PUSCH Mode 2 or 3, or                                 (2)
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It can be seen that PUSCH mode 1 belongs to ‘otherwise’ case. That is, the number of CQI symbols is calculated assuming two slots. However, in the case of UCI without UL-SCH, the PUSCH can only start from 2nd slot, that means, the actual number of REs on which CQI can map is only one slot. It is noted that the number of CQI symbols determined by equation (1) should be the same as the actual number of REs of PUSCH, and that is exactly the logic of UCI only transmission from Rel-8.  One simple solution is to determine the amount of physical resources for UCI without UL-SCH based on one slot. For example, the amount of physical resources for UCI transmission is calculated based on two slots if that subframe is indicated as Mode 1 and the UCI is transmitted with UL-SCH, and the amount of physical resources for UCI transmission in a subframe is calculated based on one slot if that subframe is indicated as Mode 1 and UCI is transmitted without UL-SCH, or Mode 2 or mode 3.
Therefore, the equation (2) can be revised as, 
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 for PUSCH with slot duration, or for Partial PUSCH Mode 1 or 2 or 3.
Obviously, the UCI mapping rule for UCI transmission without UL-SCH for PUSCH mode 1, including in which slot to map UCI and how to determine the amount of physical resources for UCI, is actually the same as PUSCH mode 2. In other words, UCI without UL-SCH for PUSCH mode 1 can be easily realized by PUSCH mode 2. Then, it is also feasible to consider removing the support of UCI without UL-SCH for PUSCH mode 1 in the spec. 
Proposal: Specification for UCI transmission without UL-SCH for PUSCH mode1 should be clarified by at least one of followings,
· Option 1: Follow the same UCI mapping rule for PUSCH mode 2

· Option 2: UCI transmission without UL-SCH is not supported
3 Conclusions 

This contribution discusses the UCI transmission without UL-SCH for PUSCH transmission mode 1, and proposes the following based on the discussion.

Proposal: Specification for UCI transmission without UL-SCH for PUSCH mode1 should be clarified by at least one of followings,
· Option 1: Follow the same UCI mapping rule for PUSCH mode 2

· Option 2: UCI transmission without UL-SCH is not supported
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