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1. Introduction

At RAN1 #61bis meeting the multiplexing of UCI on PUSCH for the case of uplink spatial multiplexing was discussed and the following conclusions were agreed:
· HARQ and RI resource size 

· Alt 1: In case single beta value is agreed, simple extension of Rel-8
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.

· CQI/PMI resource size:

· In case single beta value is agreed, simple extension of Rel-8


[image: image2.wmf]ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

-

×

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

é

×

×

×

+

=

å

-

=

-

-

'

1

0

)

(

'

,

)

(

min

)

(

RI

PUSCH

symb

PUSCH

sc

C

r

x

r

CQI

offset

initial

PUSCH

symb

initial

PUSCH

sc

Q

N

M

K

N

M

L

O

Q

x

b


In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.
· TB choice for CQI/PMI report in the case of 2TB transmission

· Baseline assumption is that TB associated with highest MCS or TBS indicated by the UL grant 

· Can be revisited if major performance loss is identified,  compared to other approaches such as lowest MCS 

· FFS whether “Ping-pong” effect is an issue? And if it’s an issue, how to address it.

· FFS the treatment of TB choice,  in case MCS or TBS is the same for both TBs

· Other remaining issues to be discussed next meeting:

· Need to clarify the exact interpretation of “Replica” 

· Option A) Replicate before Channel Coding 

· Option B) Replicate after Channel Coding 

· Option C) Replicate after Scrambling

· Need to clarify which modulation is used  in case of 2 CW transmission

· Mapping schemes for RI and AN
In this contribution, we further discuss some remaining issues for UCI multiplexing on SU-MIMO based on analysis on the above and some other aspects
2. Replica of ACK/NACK and RI 
As we discussed in the previous meeting, there are three options of the replication point of ACK/NACK and RI as follows
· Alt 1. Replicate before channel coding 
In the case of ACK/NACK or RI information bit is larger than 2 bits, the constellation point for ACK/NACK and RI symbols uses all constellation points of given modulation, not QPSK like constellation points. Therefore, if ACK/NACK or RI symbol is replicated before channel coding, different information and symbol can be transmitted on different layer at the same location. This could cause performance degradation of ACK/NACK and RI transmission by inter-layer interference. So, replicate before channel coding seems not suitable for robust UCI transmission.
· Alt 2. Replicate after channel coding

It is not decided whether codeword or layer specific scrambling is used or not. But the performance gain from codeword or layer specific scrambling does not seem to be significant. Therefore, the performance of replicate after channel coding and replicate after scrambling seems similar. But the process complexity of replicate after channel coding is a little more complex than that of replicate after scrambling. So, if codeword or layer specific scrambling is not applied, replicate after channel coding is not preferable in the view of process complexity. If repetition after channel coding is applied, codeword or layer specific scrambler is needed. Applying scrambler to each codeword or layer, the following issues should be considered.
· How scramblers are specified 

There are two options of specifying method, codeword specific and layer specific. By the property of channel interleaver of PUSCH, the output of codeword specific scrambler at each layer is distinguished to each other. 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.
· How scramblers are differentiated to each codeword or layer

There are two options of differentiating method, different initial value or different initial phase. Since different initial values cannot be applied to single sequence generator simultaneously, different initial value for each codeword or layer means different sequence generator for each codeword or layer. Therefore, UE should have 2 (in the case of codeword specific scrambling) or 4 (in the case of layer specific scrambling) additional sequence generators to allocate different initial value to each scrambler. But applying different phase to each code or layer can be implemented by using single sequence generator and some delays. Therefore, different initial phase is more efficient way of scrambling method in the view of hardware complexity.
· Alt 3. Replicate after scrambling

As we mentioned the above, the performance gain from codeword or layer specific scrambling does not seem to be significant. Furthermore, it is obvious that multiplexing process is simpler as replication process is located later. Therefore, replicate ACK/NACK and RI after scrambling is simpler than replicate after channel coding. Therefore, replicate after scrambling is preferable in the view of process complexity.
So, based on the above observations, we proposed that

Proposal: For replica of ACK/NACK and RI 

· Replica after channel coding and after scrambling are preferred

· Replica after scrambling is slightly preferred to replica after channel coding on the view of process complexity

· If replica after channel coding is applied, codeword specific scrambler with different initial phase to each codeword is recommended.
3. Modulation in case of 2 CW Transmission
The primary reason of replicating ACK/NACK and RI symbols to all layers is for robust transmission by avoiding mutual interference across layers. To achieve this objective, the same modulation should be used for the HARQ-ACK or RI transmission in both CWs.
1. ACK/NACK and RI

For ACK/NACK and RI, there are two cases according to the information bit size. 

1) Information bit size is 1 or 2 bits, 

In this case, ACK/NACK and RI are encoded to use QPSK like constellation. That means higher modulation order guarantees more robust transmission. On the other hands, higher modulation order than PUSCH data could cause the bad effect to PAPR performance. Therefore, the modulation order of ACK/NACK and RI should follow the modulation order of CW’s. Decision for higher or lower modulation order needs further discussion.
2) Information bit size is larger than 2 bits

In this case, ACK/NACK and RI symbol can use every constellation point of given modulation order. As a result, higher modulation order reduces the distance between constellation point and this can cause the performance loss at bad channel condition. Furthermore, too low modulation order can cause lack of REs for ACK/NACK and RI transmission. Therefore, ACK/NACK and RI with more than 2 information bits uses the modulation order of CW with lower modulation order for robust transmission of ACK/NACK and RI.
2. CQI

Since CQI is transmitted on single CW, modulation order of CQI should follow the modulation order of data on CW which CQI is multiplexed.

So, based on the above observations, we proposed that
Proposal: For modulation order more than 2 CW
· In the case of ACK/NACK and RI with 1 or 2 information bits, modulation order of ACK/NACK and RI follows one of the CW’s modulation orders. Decision for higher or lower modulation order needs further discussion.
· In the case of ACK/NACK and RI with more than 2 information bits, modulation order of ACK/NACK and RI follows that of the CW with lower modulation order.
· In the case of CQI, modulation order of CQI follows the modulation order of data on CW which CQI is multiplexed
4. Conclusions 
In this contribution, we have suggested the some schemes for UCI multiplexing on SU-MIMO based on the agreement at the previous meeting. The summary of our recommendations is as follows
· Replica of ACK/NACK and RI: 
· Replica after channel coding and replica after scrambling are preferred.
· Replica after scrambling is slightly preferred to replica after channel coding on the view of process complexity.

· If replica after channel coding is applied, codeword specific scrambler with different initial phase to each codeword is recommended.
· Modulation in case of 2 CW transmission: 
· In the case of ACK/NACK and RI with 1 or 2 information bit size, modulation order of ACK/NACK and RI follows that of the CW with higher modulation order. 

· In the case of ACK/NACK and RI with more than 2 information bit size, modulation order of ACK/NACK and RI follows that of the CW with lower modulation order
· In the case of CQI, modulation order of CQI follows the modulation order of data on CW which CQI is transmitted
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