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1. Introduction

At RAN1 #62bis meeting, the multiplexing of UCI on PUSCH for the case of uplink spatial multiplexing was discussed and the following conclusions were agreed [1]:
· Straight forward extension of the single antenna case with replication across layers

· Observation: avoids additional eNB receiver implementation and reuse Rel-8 components as much as possible

· Same starting point  for rate-matching for each TB 

· Channel coding:

· For 1 or 2 bits

· Same modulation for UCI and data on each codeword (same as Rel-8)

· Corner constellation points are used (same as Rel-8) 
· Repetition (1-bit) or Simplex (2-bit) coding per layer (same as Rel-8)

· For more than 2 bits

· All constellation points are used (same as Rel-8)

· (32, M) Reed-Muller coding per layer (same as Rel-8)

· HARQ-ACK and RI bits are replicated over CWs before channel coding

· If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding

· Layer or Codeword (to be agreed in RAN1#63 at latest) specific scrambling 

· For each layer / Codeword, the Rel-8 scrambler is reused with the exception of different initialization parameters
· For each layer / Codeword, data and UCI are scrambled jointly (same as Rel-8)
· TB selection for CQI
· The TB with higher initial MCS level is selected for CQI/PMI transmission

· Working assumption is that if the MCSs of 2 CWs are the same,   CW0 is always selected

· Minimum number of REs for ACK/NACK and RI

· 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 propose some schemes of channel coding for UCI on PUSCH.
2. Channel coding chain for ACK/NACK with large payload
In the 3GPP RAN1 #62bis meeting, it was agreed that the maximum value of ACK/NACK payload size is 20 bits for TDD with PUCCH format 3 [1]. Furthermore, the ACK/NAK bits are equally segmented into two ACK/NAK blocks of length 
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 and each segment are separately encoded by dual (32,O) Reed-Muller encoder [2]. Therefore, the maximum payload size of ACK/NACK in UCI multiplexing on the PUSCH is also 20 bits and dual (32,O) Reed-Muller encoding is preferable for ACK/NACK with more than 11 bit payload size. In this section, details of channel coding chain for ACK/NACK with large payload are described.
A. Channel coding chain including REs calculation
There are three way of channel coding chain including REs calculation. 
Alt 1. Separate coding chain with separated RE calculation
In this scheme, the number of REs for UCI is calculated for each RM encoder with separated payload. Then separated RM channel coding chain is applied to each separated payload. The applied channel coding chain is the same with Rel-8 channel coding chain. Figure 1 shows the overall procedure of this method. The separated UCIs are encoded independently. After channel coding, encoded UCI are concatenated and interleaved. The interleaver in this process can be bit interleaver or symbol (vector sequence) interleaver and can be omitted. The RE calculation in this scheme is the same as that of ACK/NACK with payload size less than 12bits except for the maximum value. The number of REs for ith (i=0,1) RM encoder is given as follows.
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Figure 1. Separate coding chain with separated RE calculation
Alt 2. Twin RM encoder with single RE calculation
In this scheme, the number of REs is calculated for UCI with overall payload. Encoded ACK/NACK from both RM encoders are concatenated and interleaved before rate matching. In this scheme, the interleaver is necessary to guarantee the similar performance to both encoded ACK/NACK. 

[image: image6.emf]Overall Payload

RE Calculation

RM Encoder RM Encoder

Concatenation

Bit or Symbol 

Interleaver

Separated 

Payload #1

Rate Matching

Channel 

Coding Output

Separated 

Payload #2


Figure 2. Process of twin RM encoder with single RE calculation
Alt 3. Separated coding chain with single RE calculation 
In this scheme, the number of REs is calculated for UCI with overall payload then divided to each RM encoder. The only difference between Alt 1 and Alt 3 is RE calculation. So, the interleaver in this process also can be bit interleaver or symbol (vector sequence) interleaver and can be omitted.
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Figure 3. Separate coding chain with single RE calculation
Among the above schemes, Alt 2 is the only scheme that requires the interleaver to guarantee the even performances of both RM encoders. Alt 1 and Alt 3 are similar except for RE calculation and RE division scheme. Furthermore, Alt 1 is the only scheme that guarantees the same coding performance to both RM encoders without any additional scheme. Therefore, Alt 1 looks the simplest method with little specification efforts. 
So, based on the above observations, we propose

Proposal: 
1. For ACK/NACK with more than 11bit payload, dual (32,O) Reed-Muller encoder is preferred.
2. Separate coding chain with separated RE calculation is preferred 
3. Channel coding chain for RI with large payload
Since the payload size of RI is increased to 3 bits in Rel-10, the maximum payload size of RI on CA becomes 15bits. For example, aperiodic CSI with 5CC is reported and piggybacked to PUSCH, the payload size of RI piggybacked on PUSCH is 15bits. So, the new channel coding scheme for RI with more than 11 payload bits is required.
There are two options for channel coding of RI with more than 11bits.

Alt 1. TBCC
The TBCC used for CQI can be used for RI with more than 11 payload bits. Since 8 CRC bits are added to information bits before TBCC encoding, the actual information bits for TBCC is increased up to 23 bits. Therefore, the REs for RI transmission on PUSCH should be increased. Furthermore, since we add CRC to RI, the equation to calculate the number of REs for RI should be modified like that of CQI’s.
Alt 2. Dual RM coding structure

Dual RM coding structure in PUCCH format 3 also can be used for RI with more than 11 payload bits. Since CRC is not needed for RM code, the number of REs for RI transmission in dual RM coding is smaller than that of TBCC case. Furthermore, we can use the equation to calculate the number of REs for RI transmission without changes. Therefore, dual RM code seems to require smaller specification efforts than that for TBCC.
So, dual RM coding structure seems preferable solution as channel coding scheme for RI with more than 11 payload bits.
If we decide to use dual RM coding structure for RI, it looks natural to use the same coding chain with that of ACK/NACK proposed in section 3.

Proposal:

1. Dual (32,O) RM encoding is preferred for encoding of RI with more than 11 payload bits.

2. The same coding chain with that of ACK/NACK is preferred.

4. Conclusions 
 In this contribution, we have suggested the some coding chain for ACK/NACK and RI with large payload size on PUSCH. The summary of our recommendations is as follows

· For ACK/NACK with more than 11 payload bits
· Dual  (32,O) Reed-Muller coding structure is preferred.

· Separate coding chain with separated RE calculation is preferred.

· For RI with more than 11 payload bits

· Dual  (32,O) Reed-Muller coding structure is preferred.
· The same coding chain as that of ACK/NACK is preferred.

References 
[1] Chairman's Notes RAN1#62bis, 3GPP meeting
[2] R1-105776, “Way forward on Supporting ACK/NAK Payload Larger than 11 Bits in Rel-10 TDD”, CMCC, CATT, CATR, Ericsson, ST-Ericsson, Huawei, HiSilicon, III, New Postcom, Potevio, ZTE

































































































































PAGE  
4

[image: image1]_1350134541.unknown

_1350224015.vsd
Overall Payload


Separated Payload #2


Separated Payload #1


RE Calculation


RM Encoder


RM Encoder


Concatenation


Bit or Symbol Interleaver


Rate Matching


Channel Coding Output



_1350224485.vsd
Overall Payload


Separated Payload #1


Separated Payload #2


RE Calculation


RE Calculation


RM Encoder


RM Encoder


Rate Matching


Rate Matching


Concatenation


Bit or Symbol Interleaver


Single RM coding chain


Single RM coding chain


Channel Coding Output



_1350283495.vsd
Overall Payload


Separated Payload #1


Separated Payload #2


RE Calculation


RE & Payload Divide


RM Encoder


RM Encoder


Rate Matching


Rate Matching


Concatenation


Bit or Symbol Interleaver


Channel Coding Output



_1350212746.unknown

_1350134518.unknown

