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1. Introduction  
In the last RAN1 meeting, UCI multiplexing on PUSCH in case of SU-MIMO has been discussed and some conclusion was   reached. 
· In the case of rank>1 PUSCH transmission: 

· Choose one of the following schemes:

· Option A) Replicate before channel coding

· Option B) Replicate after channel coding 

· Option C) Combination of replication and Alamoutti mapping
· Evaluate between

· Combined use of layer (or transport block) specific scrambler and/or corner constellation point of modulation symbols 

· Use all constellation points of the associated PUSCH modulation size( QPSK, 16QAM and 64QAM)
· Final decision should be made considering the following points

· Performance of  {2, 4, 6 and 10} bits HARQ-ACK/RI 

· Higher payload may be considered, depending on CA session TDD discussion

· Commonality with Rel-8
But there are still some issues need to be clarified. In this contribution we provide our views on the following open issues:
· Details of RI/AN replication, mapping, modulation, place of replication in UL transmission chain, layer-specific or layer-common scrambling

· Decide on CW selection according to higher MCS or TBS, and CW selection if the same MCS or TBS

2. Discussions
2.1 Detail of HARQ-ACK/RI transmission
HARQ-ACK/RI transmission scheme 

Replication:
Considering the simplicity and the commonality with Rel-8，Option C) is not preferable as the channel interleaving between data and HARQ-ACK/RI should be done after modulation. If the corner constellation point of modulation symbols used for HARQ-ACK/RI, then Option A) and Option B) are essentially same, the only differences is the latter only requires one channel coding module.
Without the use of corner constellation points, if HARQ-ACK/RI is replicated after encoding and the same modulation as for data is also used for HARQ-ACK/RI, UCI time-alignment across the layers is lost and different modulation symbols are transmitted on the layers. So the replication scheme will be chosen depend on how to use corner constellation point of modulation symbols.

Scrambling:

From the contribution [7], we know that the transport block specific scrambler and the layer specific scrambler is bit-equivalent . Considering the simplicity and commonality, we prefer the transport block specific scrambler.

With/without placeholder

The code rate of HARQ-ACK/RI would be increased if the corner constellation point of modulation symbols is used for HARQ-ACK/RI, and the performance of HARQ-ACK/RI would be decreased. The modulation of HARQ/RI is QPSK if the corner constellation point of modulation symbols used for HARQ-ACK/RI, and the performance of HARQ-ACK/RI would be increased comparing with the high order modulation used for HAR-ACK/RI. 

We evaluate the performance of the above schemes. Simulation assumptions are provided in the Annex A and detailed results of ACK/NACK performance and PUSCH throughput are provided in the Annex-B.
From the simulation results ,we have the following observations:
· For high ACK/NACK code rate (high SNR scenario), the performance of replication with placeholders is worse than other two schemes. Therefore, if the code rate of HARQ-ACK/RI is relative high, the placeholders should not be inserted.
· For low ACK/NACK code rate (low SNR scenario), the performance of replication with placeholders is better than other two schemes, this is because ACK/NACK has enough coding gain and get more gain from QPSK. Therefore, if the code rate of HARQ-ACK/RI is low, the placeholders should be considered. 
Note Code rate are affected by the total number HARQ-ACK/RI bits and
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. We also need to consider standardization impact and implementation complexity when deciding when to apply placeholder.
Proposal-1: 
· Symbol level replication after channel coding with configurable placeholders and the per-codeword based scrambling scheme
Mapping schemes for HARQ-ACK/RI
We have analyzed this issue in our pervious contribution [7]. Our view on multiplexing of UCI and data is per-codeword based, and in RAN1#61, the followings have been agreed:

 Reuse Rel-8 multiplexing and channel interleaving mechanisms

· Extension: The input to data-control multiplexing 
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· L（1 or 2）is the number of layers the CW is mapped onto

· Enable time（RE）alignment across 2 layers for L=2
Therefore, we propose to use the following mapping schemes for HARQ-ACK. The HARQ-ACK/RI transmitted on one CW are grouped into column vectors and the column vectors of HARQ-ACK, RI and output of data-control multiplexing or data would be interleaved in the same way as Rel-8. The only difference is the constitution of column vectors. For example, in Rel-8, the vector sequence output of channel coding for rank information is denoted by 
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， And in Rel-10, the column vector sequence output of channel coding & symbol repetition for rank information is 
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（including inserted placeholder）, where layer0 and layer1 associated with the same CW.
Proposal-2: Per-codeword based multiplexing and channel interleaving of UCI and data 
Special Scenarios for HARQ-ACK/RI
The formulas for calculation of resource per layer of HARQ-ACK/RI agreed in RAN1 #61bis are suitable for the case when there are two TBs corresponding to two 2CWs. But there are still some special cases need further considerations. 
Case A: 2 TBs are enabled, one for data transmission and one for CQI/PMI transmission only. In this case, we should replace one of 
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in the formulas.

Case B: UCI transmission without UL-SCH data. In this case, the formula for calculation of HARQ-ACK/RI without UL-SCH data in Rel-8 is reused.
Proposal-3: In some special scenarios, replace one of 
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in the formulas for calculation of resource per layer of HARQ-ACK/RI with 
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2.2 TB selection for CQI/PMI report in case of two TB transmission
Many contributions[1]~[3] discussed this issue, the baseline is CQI/PMI would be transmitted on the TB associated with highest MCS or TBS indicated by the UL grant in case of 2TB transmission, but there are still two issues need to be clarified.
‘Ping-pong’ effect
In the case of PUSCH initial transmission, the ‘Ping-pong’ effect may not occur in the following cases:
· The CQI/PMI overhead is relatively small.

· The CQI/PMI overhead is large, but the eNB ignore the CQI/PMI overhead in the link adaptation. In this case, the eNB needs to configure larger offset value to ensure the performance of CQI/PMI. 
· The CQI/PMI overhead is large and eNB take the CQI/PMI overhead into account in the link adaptation, but the difference of MCS or TBS between two TBs is relatively large. 
But when the MCS or TBS of two TBs are relatively closed, the ‘Ping-pong’ effect may be an issue. We think this can be effectively solved by the following methods:

1) Method-1: implementation method. This method does not change the baseline and does not need to be specified，for example, the eNB can adjust the MCS or TBS of the TB without CQI/PMI at the same time. The disadvantage is this method may cause performance loss for the data transmission. 

2) Method-2: standardization method. In order to reduce the impact on data, some new schemes need to be introduced .The new schemes include 

a) When 
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 and TBS of two TBs satisfy some conditions , the TB associated with highest MCS or TBS would be chosen for CQI/PMI transmission, otherwise, the TB associated with lowest MCS or TBS would be chosen for CQI/PMI transmission, But this method makes the mechanism for TB selection more complex and needs to decide the specific conditions 
b) The TB which would be chosen for CQI/PMI transmission is implicitly indicated through the UL grant. For example, the TB-to-CW swap bit may be a good candidate. These bits can be used to indicate which TB would be chosen for CQI/PMI transmission or can be used to indicate whether the TB with highest MCS or TBS is chosen when ‘Ping-pong’ effect happened. 

. 
Proposal-4: TB associated with highest MCS should be chosen for CQI/PMI transmission. To avoid the confusion when “ping-pong” effect happens, the chosen TB could be indicated through implicit indication in UL grant.
Special scenario for CQI/PMI
There are three special scenarios [4]~[6] that need further consideration about how to select the CW to transmit the CQI/PMI 
· Scenario A: When the UE is configured in the SU-MIMO mode but with only little data to transmit. If one TB is disabled by PDCCH, the CQI/PMI should be transmitted on the TB being enabled along with the data. And if one TB is enabled for UCI transmission only, the CQI/PMI should be transmitted on this TB and data should be transmitted on the other TB.
· Scenario B: When the UE is configured in the SU-MIMO mode but no data to transmit, the CQI/PMI should be transmitted on the TB which is mapped to CW0. 
· Scenario C: the MCS or TBS is the same for both TBs, the CQI/PMI should be multiplexed on the TB which is mapped to CW0.
Proposal-5: If MCS or TBS is the same for both TBs, the CQI/PMI should be multiplexed on the TB which is mapped to CW0. Some specific scenarios need further consideration.
5. Summary
In this contribution we provide our views on the remaining issues left in the last meeting. In summary, we propose the followings:
Proposal-1: Symbol level replication after channel coding with configurable placeholders and the per-codeword based scrambling scheme
Proposal-2: Per-codeword based multiplexing and channel interleaving of UCI and data 
Proposal-3: In some special scenarios, replace one of 
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in the formulas for calculation of resource per layer of HARQ-ACK/RI with 
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Proposal-4: TB associated with highest MCS should be chosen for CQI/PMI transmission. To aovid the confusion when “ping-pong” effect happens, the chosen TB could be indicated through implicit indication in UL grant.;
Proposal-5: If MCS or TBS is the same for both TBs, the CQI/PMI should be multiplexed on the TB which is mapped to CW0. Some specific scenarios need further consideration.
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Annex A
	Parameter
	Assumptions

	Carrier frequency
	2.0GHz

	System bandwidth
	MHz

	PUSCH bandwidth
	4RBs

	Channel model
	TU, 3kmph

	Antenna configuration
	2x2

	Antenna correlation
	0.0

	Transmission rank
	2

	Channel estimation 
	Ideal

	Scheduling delay
	4ms

	# HARQ-ACK bits
	10

	Link adaptation 
	ON/OFF

	PUSCH target BLER at 1st Tx
	10%

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

	Receiver for data
	MMSE

	Receiver for HARQ-ACK
	ML


Annex B
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Figure 1
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Figure 2
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