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1
Introduction
In RAN1#61, when HARQ-ACK or RI is multiplexed with PUSCH of rank greater than 1, the following conclusion was reached:

· Replicated across all layers of both CWs
· TDM multiplexed with data such that UCI symbols are time-aligned across all layers

In RAN1#61bis, the baseline for the number of UCI symbols on each CW and each layer for HARQ-ACK/RI, in case of single beta value, was agreed as a simple extension of Rel-8:
· 
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(1)
 In this contribution, we provide our views on the remaining issues on HARQ-ACK/RI multiplexing in UL MIMO.
2
Discussion
2.1 

Modification due to Re-Transmission  
When the UL grant schedules new transmission of two transport blocks simultaneously, the baseline formula for computing the number of UCI symbols on each CW and each layer for HARQ-ACK or RI shown in (1) works fine since the two TBs have the same transmission bandwidth in their corresponding initial grants. However, it is possible that one UL grant could schedule two TBs whose initial grants are not synchronous. One example is illustrated in Figure 1, where the initial transmission bandwidth is different for the two scheduled TBs when HARQ-ACK is to be multiplexed with PUSCH at time t3. In addition to different transmission bandwidth, in case that SRS is transmitted at time t1, the number of available data SC-FDM symbols for the initial transmission of the two TBs turns out to be different at time t3. 
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Figure 1. UL SU-MIMO Re-Transmission
When the initial UL grants for the two TBs are not scheduled at the same time, one natural question arising would be:
· Question: how should the two parameters:
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Following the philosophy behind eq. (1), in an attempt to address the aforementioned question, the following modified formula is proposed to supersede eq. (1):
· 
[image: image5.wmf]ï

ï

ï

ï

þ

ï

ï

ï

ï

ý

ü

ï

ï

ï

ï

î

ï

ï

ï

ï

í

ì

×

ú

ú

ú

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

ê

ê

ê

é

×

+

×

×

=

-

-

-

=

-

-

-

=

å

å

PUSCH

sc

initial

PUSCH

symb

initial

PUSCH

sc

C

r

r

initial

PUSCH

symb

initial

PUSCH

sc

C

r

r

PUSCH

offset

M

N

M

K

N

M

K

O

Q

4

,

min

)

1

(

)

1

(

1

0

)

1

(

)

0

(

)

0

(

1

0

)

0

(

'

)

1

(

)

0

(

b









(2)
· 
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It is clear that eq. (2) falls back to eq. (1) when the TBs are scheduled for the initial transmission simultaneously. 
2.2

How to “Replicate”
Regarding the exact interpretation of “Replica”, RAN1 has identified the following three options:
· Option A) Replicate before channel coding

· Option B) Replicate after channel coding

· Option C) Replicate after scrambling
Both Options A & B will implicitly have a codeword specific pseudo-random scrambling before the “Modulation mapper” similar to Rel-8 DL. Option C simply tries to avoid this codeword-specific scrambling at least over the UCI coded bits. In Figure 2, we have illustrated Option A.
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Figure 2. UL SU-MIMO
Link simulations have been carried out to compare these options with simulation parameters are listed in Table 1. Figures 3~5 depict the A/N BER performance of different options of “replica” with different beta offset values at different signal-to-noise ratio levels.  In those figures, “fixed scrambling” means “+1, +1, ……” scrambling for the first layer and “+1, -1, +1, -1, ……” scrambling for the second layer.
Table 1. Link Simulation Parameters

	Parameter
	Value

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUSCH bandwidth
	4RBs

	Channel model
	TU, 3kmph

	Antenna configuration
	2x2

	Antenna correlation
	0.0

	Transmission rank
	2

	Channel estimation 
	Ideal

	SRS period
	2ms

	Scheduling delay
	4ms

	# HARQ-ACK bits
	10

	Pr(DTX(ACK or NACK)
	1%

	Link adaptation 
	ON

	PUSCH target BLER at 1st txmn
	10%

	Encoder for HARQ-ACK
	RM-(32, O)

	Receiver for data
	MMSE

	Receiver for HARQ-ACK
	Maximum likelihood
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Figure 3. HARQ-ACK BER at 5dB SNR
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Figure 4. HARQ-ACK BER at 10dB SNR
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Figure 5. HARQ-ACK BER at 15dB SNR
From the link performance shown in above figures, we can see Option A requires the smallest beta offset to control the ACK BER below 0.1%. Thus, our view on the HARQ-ACK/RI replication across layers is:

· HARQ-ACK or RI bits are replicated before channel coding and the encoded bits will be pseudo-random scrambled together with data 
3
Conclusions 

In this paper, we have provided our views on the remaining issues on HARQ-ACK/RI multiplexing with PUSCH in case of MIMO transmission:

· the number of UCI symbols on each CW and each layer for HARQ-ACK/RI should be calculated as:
· 
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· HARQ-ACK or RI bits are replicated before channel coding and the encoded bits will be pseudo-random scrambled together with data 
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