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1. Introduction
The transmission of UCI in PUSCH was discussed in RAN1 #61bis meeting, and the followings were agreed:
HARQ and RI resource size
· Number of ACK/RI resources per layer is  given by
· In case single beta value is agreed, simple extension of Rel-8 (Baseline)
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.
· FFS whether or not a compensation factor should be included to account for  large RI/AN payload 

· FFS whether or not a rank-dependent spectrum efficiency adjustment, or spectrum efficiency cap, is needed for multi-layer case

CQI/PMI resource size
· Number of CQI resources per layer is  given by 

· In case single beta value is agreed, simple extension of Rel-8 (Baseline)
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In the case multiple beta values are agreed, the equation can be further changed to account for multiple beta value.
· FFS whether or not a compensation factor should be included to account for  large RI/CQI/PMI payload 

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
In this contribution, we further discuss the details of the remaining issues and provide some proposals.
2. Discussion on UCI transmission
2.1. Resources for UCI transmission
The beta value
Though simple extension of Rel-8 with single beta value is adopted in the expression of UCI resource size, multiple beta values are not excluded. The application of multiple beta values includes the following two scenarios.

On one hand, as proposed in [3], a separate 
[image: image3.wmf]PUSCH

offset

b

for each transmission rank of the data can be used. However, as the value of 
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is obtained from higher layer, it is hard to be dynamically changed along with rank in case of rank adaption. Whether
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 will be changed according to statistical spatial rank can be an implementation determined by higher layer. 
On the other hand, in case of two CWs transmission for ACK/RI, different beta values can be used in the two CWs with different MCS. As beta value is introduced to match the different spectrum efficiency of UCI and data transmission, if the MCS of the two CWs differ greatly, single beta value will not be robust. Hence, separate beta value for each CW can be considered for ACK/RI transmission.
Proposal 1: Separate 
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 used for each transmission rank of the data is an implementation issue.
Proposal 2: Separate beta value for each CW can be considered for ACK/RI transmission. Single beta value is enough for CQI transmission.
CW for CQI transmission
It was agreed that the transport block with highest MCS/TBS would be baseline for CQI transmission. However, if the MCS of the transport block with CQI bits is adjusted by BS, the transport block without CQI bits may be transmitted with higher MCS, and then UE will not decode UCI correctly. Two solutions can be considered for this issue:
Alt1: BS should always make sure that the transport block with higher MCS will take CQI bits.
Alt2: The transport block taking CQI will always be mapped to the first CW via Transport block and CW mapping flag bit
For Alt1, the MCS adjustment by BS should not reverse the order of MCS between two TBs. In this case, the TB with CQI may suffer from higher coding rate than predefined coding rate for data, which may slightly increase the possibility of error decoding. For Alt2, specific mapping rule should be defined between TB and CW, and additional standardization effort is needed. Totally, both solutions are effective to avoid the “Ping-pong” effect.
Proposal 3: The “Ping-pong” effect can be avoided via some restriction on MCS adjustment or Transport-block- and-CW-mapping.
Proposal 4: In case of the same MCS/TBS in two TBs, the first TB can be selected for CQI transmission.
2.2. ACK/RI transmission in multiple CWs/layers
In case of multiple CWs and multiple layers transmission, ACK/RI will be replicated in all the layers of all CWs. Nevertheless, when and how to replicate and modulate the UCI to multiplex with data are still issues, which are also associated with the channel coding and interleave process. In this section, we discuss different schemes for ACK/RI transmission in multiple CWs/multiple layers.
Per-CW-coding scheme

As shown in figure 1, the per-CW-coding scheme includes the following steps:
1) Replicate the ACK/RI bits to M groups, where M is the number of transmission CWs.
2) For each group for one CW, channel coding similar to R8 is used to obtain 
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output bits for one layer. If the number of ACK/RI bits is larger than 11, which can’t be encoded by current RM code, new coding mechanism can be introduced, such as convolution code used in channel coding of CQI bits.
3) For coding output for each CW, the bits are then replicated again to 
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according to the number of layers the codeword is mapped to (
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). For the replication process, two methods can be considered:

a) If modulation type of the data in the CW is 
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, the output bits will be repeated by every 
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b) The whole sequence of control bits is repeated directly:
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Not depended upon modulation type, method b) is relatively simpler. Furthermore, as the layers in one CW are decoded simultaneously, though different encoded UCI bits may be allocated to different layers in the CW by method b), there will not be performance loss.
In addition, the 
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output bits for CW i can also be directly produced from channel coding process.

4) The final output bits for one CW are multiplexed with data and CQI bits for that CW via channel interleaver. As more ACK/RI bits (
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) are input to the interleaver, the interleave mechanism in R8 should be extended according to the number of layers in the CW.
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Figure 1 Illustration of per-CW-coding scheme for ACK/RI transmission
The data transmission by this scheme is similar to the multi-CW transmission in DL without much standardization complexity. The additional replication and extended channel interleave should be introduced if one CW is mapped to multi-layer. However, we don’t think it is a big problem for UL specification.
Per-layer-coding scheme
As shown in figure 2, the per-layer-coding scheme includes the following steps:

1) Replicate the ACK/RI bits to N groups, where N is the number of transmission rank;

2) For each group for one layer, channel coding similar to R8 is used to obtain 
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output bits. If the number of ACK/RI bits is larger than 11, which can’t be encoded by current RM code, new coding mechanism can be introduced, such as convolution code used in channel coding of CQI bits.

3) The output bits for each layer are multiplexed with data and CQI bits for that layer via channel interleaver. The channel interleaver in R8 can also be reused.
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Figure 2 Illustration of per-layer-coding scheme for ACK/RI transmission
By this scheme, many parts of UL transmission process, including channel interleave, scrambling and modulation, which are based on CW in DL transmission, are layer-specific operation. Though the transmission process of UCI and data in R8 UL can be reused for each layer without additional standardization effort, the total complexity of UL process will be increased along with transmission rank. Furthermore, as the layer mapping is bit-level, the CW-to-layer mapping in R8 DL transmission can’t be reused, and layer-specific demodulation will also increase the detection complexity in BS. Hence, we think the per-CW-coding scheme will be a better idea.
Proposal 5: The encoded ACK/RI bits allocated to different layers are not needed to be the same.

Proposal 6: The ACK/RI bits should be replicated before channel coding for multiple CWs and after channel coding for multiple layers in one CW.
Proposal 7: For lower complexity, the per-CW-coding scheme with simple extended channel interleaving and replication can be considered on the premise that the R8 mechanism is reused as much as possible.
3. Conclusions
In this contribution, we analyze some schemes for aperiodic SRS transmission in LTE-A. From the above discussion, we propose that:
· Proposal 1: Separate 
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 used for each transmission rank of the data is an implementation issue.

· Proposal 2: Separate beta value for each CW can be considered for ACK/RI transmission.

· Proposal 3: The “Ping-pong” effect can be avoided via some restriction on MCS adjustment or Transport-block- and-CW-mapping.

· Proposal 4: In case of the same MCS/TBS for two TBs, the first TB can be selected for CQI transmission.
· Proposal 5: The encoded ACK/RI bits allocated to different layers are not needed to be the same.
· Proposal 6: The ACK/RI bits should be replicated before channel coding for multiple CWs and after channel coding for multiple layers in one CW.
· Proposal 7: For lower complexity, the per-CW-coding scheme with simple extended channel interleaving and replication can be considered on the premise that the R8 mechanism is reused as much as possible.
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