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1. Introduction

At RAN1 #62bis meeting, the multiplexing of UCI on PUSCH for the case of uplink spatial multiplexing was discussed and the following conclusions were agreed [1]:
· Straight forward extension of the single antenna case with replication across layers

· Observation: avoids additional eNB receiver implementation and reuse Rel-8 components as much as possible

· Same starting point  for rate-matching for each TB 

· Channel coding:

· For 1 or 2 bits

· Same modulation for UCI and data on each codeword (same as Rel-8)

· Corner constellation points are used (same as Rel-8) 
· Repetition (1-bit) or Simplex (2-bit) coding per layer (same as Rel-8)

· For more than 2 bits

· All constellation points are used (same as Rel-8)

· (32, M) Reed-Muller coding per layer (same as Rel-8)

· HARQ-ACK and RI bits are replicated over CWs before channel coding

· If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding

· Layer or Codeword (to be agreed in RAN1#63 at latest) specific scrambling 

· For each layer / Codeword, the Rel-8 scrambler is reused with the exception of different initialization parameters
· For each layer / Codeword, data and UCI are scrambled jointly (same as Rel-8)
· TB selection for CQI
· The TB with higher initial MCS level is selected for CQI/PMI transmission

· Working assumption is that if the MCSs of 2 CWs are the same,   CW0 is always selected

· Minimum number of REs for ACK/NACK and RI

· Working assumption is to make sure that the number of REs is not smaller than Qmin. 

· Q’ = max(Q’’, Q’min), where Q’’ is
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· Q’min is determined as a function of modulation order, and/or number of layers, and/or HARQ-ACK/RI payload.
In this contribution, we propose some schemes for remaining open issues such as 1) scrambler, 2) equation for Q’min.
2. Scrambler
In the previous meeting (#62bis), it was agreed that layer or TB specific scrambler is applied to UCI. The remaining issue on the scrambler is to decide the specification method, TB specific or layer specific.
· Layer specific scrambler

Apply different scrambling sequence to each layer with ACK/NACK or RI. Layer specific scrambler needs maximum 4 PN sequence generators according to the scrambling sequence and initial condition.

· Codeword specific scrambler

Apply different scrambling sequence to each codeword with ACK/NACK or RI. By the property of channel interleaver and codeword-to-layer mapping of PUSCH, the output result of codeword specific scrambler at each layer acts like layer-specific scrambler. Furthermore, the number of sequence generator needed for codeword specific scrambler is less than that of layer specific scrambler, maximum 2 PN sequence generators. Therefore, codeword specific scrambler looks more efficient way of scrambling.
So, based on the above observations, we propose

Proposal: Codeword specific scrambler with different initial phase for each codeword
3. Equation for Qmin
In the #62bis meeting at Xi’an, several equations to calculate Qmin was proposed [2]. Let 
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 be the number of bits per modulated symbol (e.g. 2 for QPSK, 4 for 16QAM, 6 for 64QAM). Then we have the following examples in [2].
Alt 1. 
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 is specified to a specific value (e.g., 1/2) or configured by higher layer signaling
Alt 2. 
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Alt 3. 
[image: image7.wmf]ú

ú

ù

ê

ê

é

=

m

Q

Q

'

32

'

min

.
Alt 4. 
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Alt 5. 
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 is the function such that 
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Alt 6. 
[image: image13.wmf]ú

ú

ù

ê

ê

é

-

=

4

3

'

2

'

min

m

Q

O

Q

 or 
[image: image14.wmf](

)

ú

ú

ù

ê

ê

é

×

-

=

m

m

Q

Q

O

Q

'

4

/

'

3

2

'

min

.
In [2], it was noted that 
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 is the modulation order for CW x. 
Since Alt 1 requires higher layer signaling (
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and 
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), so it is not suitable as simple solution. In the case of Alt 5, 
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 is the function of payload bits. So, Alt 5 can be regarded as a minimum distance table according to payload size. Table 1 shows the calculated value of Alt 2, 3, 4, and 6 according to payload size.
Table 1 Calculated value of REs according to payload size

	
	QPSK
	16QAM
	64QAM

	O
	Min RE
	Alt 2
	Alt 3
	Alt 4
	Alt 6
	Min RE
	Alt 2
	Alt 3
	Alt 4
	Alt 6
	Min RE
	Alt 2
	Alt 3
	Alt 4
	Alt 6

	3
	2
	3
	16
	3
	3
	1
	2
	8
	1
	1
	1
	1
	6
	1
	1

	4
	3
	4
	16
	4
	4
	2
	2
	8
	2
	2
	1
	2
	6
	1
	1

	5
	3
	5
	16
	5
	5
	2
	3
	8
	2
	2
	1
	2
	6
	2
	1

	6
	6
	6
	16
	6
	6
	3
	3
	8
	3
	3
	2
	2
	6
	2
	2

	7
	6
	7
	16
	7
	7
	3
	4
	8
	3
	3
	2
	3
	6
	2
	2

	8
	6
	8
	16
	8
	8
	3
	4
	8
	4
	4
	2
	3
	6
	3
	2

	9
	6
	9
	16
	9
	9
	3
	5
	8
	4
	4
	2
	3
	6
	3
	3

	10
	6
	10
	16
	10
	10
	3
	5
	8
	5
	5
	2
	4
	6
	3
	3

	11
	9
	11
	16
	11
	11
	5
	6
	8
	5
	5
	3
	4
	6
	4
	3


Min RE in the above table means the required value of REs to make a decodable codeword with given payload size. According to the above table, Alt 6 shows the nearest values to Min RE. But the differences between Alt 4 and Alt 6 are only shown at 64QAM. The difference between required REs and Alt 3 is quite large, so Alt 3 doesn’t seem a good solution even its simplicity.
So, based on the above observation, we propose

Proposal: Alt 6 is slightly preferred and Alt 4 is acceptable.
4. Conclusions 
 In this contribution, we have suggested the some schemes for remaining issues on UCI multiplexing. The summary of our recommendations is as follows

· Codeword specific scrambler with different initial phase for each codeword 
· The following equation is slightly preferred to calculate minimum number of REs for HARQ-ACK/RI.
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