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1. Introduction  
In last RAN1 meeting, considerable progress on UCI multiplexing on PUSCH in case of SU-MIMO was made. It was agreed that HARQ-ACK/RI are replicated over CWs before channel coding and if a CW was mapped onto multiple layers, HARQ-ACK/RI bits are replicated over these layers after coding. Also, the corner constellation points are used only for the 1 or 2bit of HARQ-ACK/RI. For CQI/PMI, it was agreed that the TB with higher initial MCS level is selected for transmission and CW0 is always selected if the MCS of 2 CWs are same. But there are still some issues need to be clarified and some specific scenarios need further consideration. For example, it was agreed that 
· A standard-based solution for resolving issues with optimistic code rates for high payloads/spectral efficiencies is introduced
· 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 share our views on these issues.

2. Discussions
2.1 Resource Allocation Formula for HARQ-ACK and RI
Due to the introduction of carrier aggregation and DL 8Tx in Rel-10，the payload size of HARQ-ACK/RI is higher than Rel-8. For example，the maximum number of ACK/NACK in Rel-8 is 4bits, but the maximum number of ACK/NACK for CA in Rel-10 TDD is decided as 20bits in last RAN1 meeting. Due to the introduction of UL SU-MIMO in Rel-10, the spectral efficiency, which was used to calculate the resource allocation for HARQ-ACK/RI in case of SU-MIMO, is the total spectral efficiency of two CWs. Therefore, the code rate of HARQ-ACK/RI needs further consideration. In the last RAN1 meeting, a standard–based solution resolving issues with optimistic code rates for high payload/spectral efficiencies was introduced. The resource allocation formula for HARQ-ACK/RI is 
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The followings are observed：
1. Considering 
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was used for compensate the performance difference between control and data channel, i.e. the code rate of HARQ-ACK/RI was controlled through
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, the value of 
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2. There are several aspects should be taken into account about the performance of HARQ-ACK/RI: the payload size of HARQ-ACK/RI, the channel states, the code rate of data and
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. It is noted that then RM coding is not applied, there is no need to introduce
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, this corresponds to the scenario where UCI payload size is no greater than 2.
3. The need to introduce 
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 also depends on the choice of
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. In Appendix code rate outage occurrence with regard to the value of 
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 is studied, with different 
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 value from [6]. From the result in Appendix it is observed that for 
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>3.125, the occurrence of outage is negligible so there is not much need to introduce 
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 for these scenarios.
4. If the maximum code rate of HARQ-ACK/RI is a fixed value, the resources would be unnecessary waste in some scenarios. Therefore, example 2, 3, 4 is not preferred. At the same time, 
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obtained from higher layer signaling. 
Proposal-1:
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 is configured by higher layer signaling. 
[image: image22.wmf]''''

min

max(,)

QQQ

=

 is only applied when UCI payload size is greater than 2 and 
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2.2 Detail of HARQ-ACK/RI transmission
HARQ-ACK/RI transmission scheme 

We have analyzed this issue in our pervious contribution [1] ~ [2]. 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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is grouped into column vectors
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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 for rank information is 
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, where 
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, where layer0 and layer1 associated with the same CW .The process of channel interleave is similar with Rel-8. From the contribution [3], we know that the transport block specific scrambler and the layer specific scrambler is bit-equivalent. Considering the simplicity and commonality, we prefer the CW specific scrambler. The scrambling sequence generator shall be initialized with 
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 is the CW index and 
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Proposal-2: we prefer the CW specific scrambler and the scrambling sequence generator shall be initialized with 
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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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2.3 Special scenario for CQI/PMI
There are three special scenarios regarding how to select the CW to transmit the CQI/PMI [4] [5] that need further consideration 
· 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. 
Proposal-4: Some specific scenarios need further consideration.
3. 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:
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 is configured by higher layer signaling. 
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 is only applied when UCI payload size is greater than 2 and 
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Proposal-2: we prefer the CW specific scrambler and the scrambling sequence generator shall be initialized with
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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: Some specific scenarios need further consideration.

4. Appendix
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Figure 1  N_PRB=4，beta=2，O=10
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Figure 2  N_PRB=4，beta=3.125，O=10
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Figure 3  N_PRB=4，beta=4，O=10
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Figure 4  N_PRB=4，beta=5，O=10
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Figure 5  N_PRB=4，beta=2，O=2
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