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1. Introduction  
In RAN1 #61bis, UCI multiplexing on PUSCH in case of SU-MIMO has been discussed and the formulas for calculation of resource per layer of HARQ-ACK, RI and CQI/PMI have been agreed. But there are still some issues need to be clarified. In this contribution we provide our views on these issues. 
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.

· “Ping-pong” effect refers to the case when the introduction of UCI reverses the order of MCS among two TBs, if eNB decides to adjust the MCS of the TB with UCI

· 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
Besides above issues, we also discuss the calculation of resource per layer of HARQ-ACK and RI in some special scenarios and whether multiple beta values need to be agreed.
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.

2.1 ‘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 relatively 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 issue can be effectively solved by the following two 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. But 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-1: TB associated with highest MCS should be chosen for CQI/PMI transmission. To avoid the confusion when “ping-pong” effect happens, the chosen TB can be indicated through implicit indication in UL grant.
2.2 Special scenario for CQI/PMI

There are three special scenarios [4]~[6] that need further consideration for 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.
3. Interpretation of “Replica” and scrambling scheme
In RAN1 61, the followings have been agreed:
1) Replica is done across all layers of both CWs. 
2) UCI symbols are time-aligned across all layers and TDM multiplexed with data. 
Nevertheless, it seems that there are some ambiguities about the exact method of “replica”, i.e., how to perform symbol replication across all layers of both CWs, and whether layer-specific scrambling should be applied or not. In our view, layer specific scrambling ensures the receiver-side decoding fully utilized the processing gain provided by channel coding. This is especially important if a simple symbol replication of HARQ-ACK and RI across all layers is used. For this purpose, similar scrambling sequence as in Rel-8 codeword specific scrambling sequence can be used.

Unlike CQI/PMI, overhead of HARQ-ACK and RI will not have dramatic increase in Rel-10 so their impact on the data RE is limited. Also note the BLER performance of HARQ-ACK and RI can be adjusted in large part through offset value, therefore simplicity should be the priority to choose the exact replication method, i.e., simple symbol level replication after channel coding should suffice the need. In summary, the figure below illustrated the replication and multiplexing process based on the above considerations, where CQI/PMI is multiplexing on TB0 as an example.

[image: image2.emf]Transport 

block CRC 

attachment

TB #0

CB segmentation

CB CRC 

attachment

Channel 

Coding

Rate 

Matching

CB 

concaten

ation

Data & 

Control 

MUX

Channel 

Interleaver

Transport 

block CRC 

attachment

TB #1

CB segmentation

CB CRC 

attachment

Channel 

Coding

Rate 

Matching

CB 

concaten

ation

Channel 

Interleaver

HARQ-ACK

Channel Coding & 

symbol repetition

Scrambling

Scrambling

Channel Coding & 

Symbol Repetition

Layer 

Mapping

Modulation

Modulation

Precoding

RI

ChannelCoding CQI/PMI

TB-to-

CW 

Mapping

CW #0

CW #1


Figure 1 Uplink PUSCH processing with UCI transmission
Proposal-2: Symbol level replication after channel coding and the per-codeword based scrambling scheme
4. Mapping schemes for HARQ-ACK and 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 and 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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, where layer0 and layer1 associated with the same CW.
Proposal-3: Per-codeword based multiplexing and channel interleaving of UCI and data 
5. Multiple beta value support
As HARQ-ACK and RI have same number of coded symbols on each layer and CW, and time-alignment across the layers, the spatial diversity gain is obtained. Note that the situation is different between multi-layer and single-layer transmission. In the single-layer schemes, the channel is the same for both UCI and data bits on which the number of UCI symbols depends. In the multi-layer schemes, HARQ-ACK and RI will experience different link qualities via different layers. The calculation of resource per layer of HARQ-ACK, RI is different between single-CW transmission and multi-CW transmission. Due to these considerations, single offset value cannot efficiently cover both cases .Another advantage of defining multi offset value is we can have the unified RE calculation equation for both cases. Hence, multiple offset values can be configured by high layer, for example, 
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, first one for single-layer transmission schemes, second one for one TB multi-layer transmission schemes, last one for multi TB multi-layer transmission schemes. . It is also possible to combine the two beta value for multi-layer transmission schemes to , i.e,  one for single-layer transmission schemes, the other for multi-layers transmission schemes, or one for single-CW transmission schemes, the other for multi-TB transmission schemes.
Proposal-4: Two 
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 values are configured for HARQ-ACK/RI, one for single-layer/codeword transmission, the other for multi-layer/codeword transmission. 
6. Special Cases for HARQ-ACK and RI

The formulas for calculation of resource per layer of HARQ-ACK and 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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Case B: UCI transmission without UL-SCH data. In this case, the formula for calculation of HARQ-ACK and RI without UL-SCH data in Rel-8 is reused.
Proposal-5: In some special scenarios, replace one of 
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in the formulas for calculation of resource per layer of HARQ-ACK and RI with 
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7. 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: TB associated with highest MCS should be chosen for CQI/PMI transmission. To aovid the confusion when “ping-pong” effect happens, the chosen TB can be indicated through implicit indication in UL grant.;
Proposal-2: Symbol level replication after channel coding and the per-codeword based scrambling scheme is suggested to be a baseline;
Proposal3: Per-codeword based multiplexing and channel interleaving of UCI and data; 
Proposal4: Two 
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 values are configured for HARQ-ACK/RI , one for single-layer/codeword transmission, the other for multi-layer/codeword transmission;
Proposal5: In some special scenarios, replace one of 
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in the formulas for calculation of resource per layer of HARQ-ACK and RI with 
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