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1
Introduction
During recent RAN1 meetings, considerable progress on UCI multiplexing on PUSCH was made. In RAN1#62bis [1], [3] meeting, it was agreed that a straight forward extension of the single antenna case is applied for HARQ-ACK/RI replication across layers. In more detailed, it was agreed that 

· same modulation is used for UCI and data on each codeword.
· HARQ-ACK/RI bits are replicated over CWs before channel coding. In case that a CW is mapped onto multiple layers, HARQ-ACK/RI bits are replicated over these layers after coding.
· Layer or codeword specific scrambling is used. Rel-8 scrambler is reused with the exception of different initialization parameters for each layer / codeword. Data and UCI are scrambled jointly. 

Additionally, it was agreed that for 1 or 2 HARQ-ACK/RI bits, corner constellation points are used as in Rel-8, whereas all constellation points are used for more than 2 bits. The used coding per layer is repetition for 1 bit, simplex for 2 bit and (32,M) Reed-Muller for more than 2 bits. Also further discussion on the problems related to the puncturing of Reed-Muller code took place [2], and it was decided that a standard-based solution is needed to resolve the issue. 
In this contribution, we consider the several proposals presented in [2] for determining the minimum number of coded symbols for HARQ-ACK/RI and present our preference. We also discuss briefly the choice between layer and codeword specific scrambling.
2 Discussion and performance evaluation
Spatial multiplexing can also be configured with so high spectral efficiency that it results in unreasonably high code rate for HARQ-ACK/RI bits. Additionally, Hamming distance properties of Reed-Muller code are considerably deteriorated when it is heavily punctured. As a worst case example, the minimum Hamming distance is 0 when (32,M) RM-code for 6 HARQ-ACK bits is punctured down to 10 coded bits. In other words, two different HARQ-ACK bit sequences produce the same encoded bit sequence, although code rate is 0.6. Hence, a mechanism to ensure reasonable code rate for HARQ-ACK/RI bits is needed. 
In RAN1#62bis, it was agreed as working assumption that the number of coded symbols per layer is given by 
Q’ = max(Q’’, Q’min), where Q’’ is given by 
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and Q’min is determined as a function of modulation order, and/or number of layers, and/or HARQ-ACK/RI payload. Additionally, several examples for determination of Q’min was given in [2]: 
· Example 1: 
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is specified to a specific value (e.g., 1/2) or configured by higher layer signaling.
· Example 2: 
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· Example 3: 
[image: image6.wmf]é

ù

m

Q

O

Q

'

/

2

'

min

=


· Example 4: 
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· Example 5: 
[image: image8.wmf]é

ù

m

Q

O

b

f

Q

'

/

)

(

'

min

=

, where 
[image: image9.wmf]þ

ý

ü

î

í

ì

=

11

17

,

10

11

,

9

11

,

8

11

,

7

11

,

6

11

,

5

6

,

4

5

)

(

b

f

for b = 4, 5, 6, 7, 8, 9, 10, 11, respectively.
In these examples, 
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is related to the codeword modulation orders, e.g. by 
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 is the modulation order on the codeword x.
The resulting HARQ-ACK/RI overhead was evaluated for these examples with 2 PRB allocation. In other words, it was assumed that UCI resources are dimensioned according to Q’min. The overhead percentage is shown in Figures 1, 2, and 3 for QPSK, 16-QAM, and 64-QAM modulations, respectively.  The resulting overhead is small even with narrow PRB allocation, which is only natural for the scenario in question. Hence, the simplicity in the Q’min determination should be strongly weighted. On the examples, it is noted that
· Examples 1 and 5 are quite complicated ways for Q’min determination, especially example 1 with potential higher layer signalling.

· Examples 1 and 2 result in higher UCI overhead than other examples. This is the case for example 1 irrespective of 
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configuration as Q’min determination in example 1 does not take codeword modulation order into account – if overhead is reasonable for QPSK, it will be high for 64-QAM. (
[image: image15.wmf]a

= ½ is assumed in Figures.) 
· Overhead differences between examples 3, 4, and 5 are insignificant in practice. Example 3 is the simplest from these examples.

As examples 3, 4 and 5 provide lowest overhead with insignificant overhead differences between them, and example 3 is a simple way to determine Q’min, we propose that example 3 is adopted. For 
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 due to its simplicity and logical behaviour also with rank 3. 
Proposal 1:
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Figure 1. HARQ-ACK/RI overhead determined by Q’min for 2 PRB allocation with QPSK modulation.
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Figure 2. HARQ-ACK/RI overhead determined by Q’min for 2 PRB allocation with 16-QAM modulation. 
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Figure 3. HARQ-ACK/RI overhead determined by Q’min for 2 PRB allocation with 64-QAM modulation.
There has not been discussion or agreement in RAN1 on the set of configurable control information MCS offset 
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 values in the case of spatial multiplexing. As a straightforward solution, we propose that the same sets of MCS offset values as in Rel’8 are used for HARQ-ACK, RI and CQI also with spatial multiplexing.
Proposal 2:
The same sets of configurable control information MCS offset 
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 values as in Rel’8 are used  for HARQ-ACK, RI and CQI  also with spatial multiplexing.
During RAN1#62bis, it was discussed whether scrambling should be layer or codeword specific. This is related also to the schematic used for PUSCH processing and UCI multiplexing as discussed in [4]. We see that per-layer schematic has benefits over per-codeword schematic as Rel’8 channel interleaving and HARQ-ACK/RI channel coding can be reused as such, without e.g. need to capture impact of layer mapping to the related parts of standard. Hence we propose layer-specific scrambling is adopted in Rel’10 standards. 
Proposal 3: Layer-specific scrambler to be used.
3
Summary 

In this contribution, we discussed details remaining open in UCI multiplexing on PUSCH with SU-MIMO. In particular, we present our preferences on the 
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 determination as well as on the configurable sets of MCS offset values for HARQ-ACK, RI, and CQI.  
Proposal 1:
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Proposal 2:
The same sets of configurable control information MCS offset 
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 values as in Rel’8 are used  for HARQ-ACK, RI and CQI  also with spatial multiplexing.

Proposal 3: Layer-specific scrambler to be used.
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