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1 Introduction
In 3GPP RAN1#62, the following equation was agreed for determining the number of REs for HARQ-ACK and RI on a MIMO PUSCH transmission:
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The following aspects remain FFS:
· 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  as shown in R1-104697
· 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 and RI 

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

· Commonality with Rel-8
This contribution addresses the above FFS aspects and the overall operation for HARQ-ACK or RI multiplexing in the PUSCH in conjunction with the use of RM codes. 

2 HARQ-ACK and RI on Rel-10 PUSCH
The existing options for HARQ-ACK/RI replication in the PUSCH with SU-MIMO do not allow the use of a rank-1 receiver because the UE scrambles the coded HARQ-ACK/RI bits in a CW-specific way prior to modulation. Then, whether the same or different HARQ-ACK/RI bits are modulated per CW is not relevant and it is therefore reasonable to perform UCI replication before channel coding.   
Proposal: UCI replication is done before channel coding.
2.1 Review of Rel-8 HARQ-ACK and RI on PUSCH
A brief overview of the Rel-8 operations is first provided:
· In FDD SIMO transmissions, up to 2 bit payload is transmitted for HARQ-ACK (and RI). 
· 
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 controls the number of REs Q'ACK, and in effect it controls the received energy at the eNodeB.
· Channel coding is two-fold; first, up to two HARQ-ACK information bits are encoded with simplex coding, and then some other bits, e.g., x, y, are added so that the resultant modulation symbols are outermost points in a QAM constellation. Then, each RE carries only two coded bits. 
· As outermost points are sent with higher transmission power than the average QAM power, the reliability of HARQ-ACK bits is enhanced thanks to the power gain. 

· As the payload is only up to 2 bits, using outermost points never causes code-rate outage, regardless of the MCS and 
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. If number of REs assigned for HARQ-ACK on a PUSCH is QACK, then code rate is 1/QACK (=2/2QACK) with only outer-most points being used. 1/QACK ≤ 1, where equality holds when QACK=1.
· In summary, for modulation and coding, a combination of simplex coding and outer-most QAM constellation mapping is used. 

· In TDD SIMO transmissions, HARQ-ACK with up to 4 bit payload is multiplexed. 
· 
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 controls the number of REs Q'ACK, and in effect it controls the received energy at the eNodeB.
· (32, O) RM channel coding and the conventional QAM modulation are applied.

· If number of PUSCH HARQ-ACK REs is QACK and data modulation order is Qm, then code rate is 4/QmQACK. This ensures sufficient coding gain to obtain a desired reliability.
· In summary, for modulation and coding, a combination of (32, O) RM coding and conventional QAM constellation mapping is used.
2.2 Considerations on Rel-10 HARQ-ACK and RI on PUSCH
UCI multiplexing in the PUSCH is associated with two major changes in Rel-10 relative to Rel-8:

· Maximum payload increase (from 2 to 10 bits for FDD and from 4 to ≥ 10 bits for TDD).

· SU-MIMO PUSCH transmissions.
During RAN1#62 and the subsequent e-mail discussions, the HARQ-ACK/RI modulation method was actively discussed and, in particular, whether the outermost QAM constellation points or the conventional QAM modulation points should be used for HARQ-ACK/RI on a MIMO PUSCH. As we already agreed on the use of RM coding for higher-payload HARQ-ACK and RI, we propose that we take the Rel-8 TDD combination of RM code and conventional QAM modulation as a baseline, unless a good reason for using a new combination of the simplex coding and the outermost QAM constellation mapping is found.
Regardless of the choice for the HARQ-ACK/RI modulation, code rate outage, i.e., code rate ≥ 1, (or, in general, of a large code rate, i.e. > 1/2) should be avoided in order to achieve the HARQ-ACK/RI reliability requirement. An evaluation of code rate outage (and of large code rates) is presented in Figure 1. The intensity of a pixel of (ITBS, NPRB) corresponds to a code rate. The darker a pixel, the higher a code rate is. A pure black pixel corresponds to code rate 1; while a pure white pixel corresponds to code rate 0. In case of MIMO, the code rates are obtained under the assumption of replication before channel coding, with identical channel coders and modulation methods being used for the two CWs. The following are observed:

1. The probability of code rate outage increases as the number of coded bits increases, for a given HARQ-ACK payload and 
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. 
2. The probability of code rate outage is larger with MIMO and this problem is severe especially when small 
[image: image6.wmf]PUSCH

offset

b

 values and the outermost constellation mapping is used. 
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	(a) beta = 2, payload = 2 bits
	(b) beta = 2, payload = 5 bits
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	(c)  beta = 2, payload = 10 bits
	(d) beta = 4, payload = 2 bits
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	(e) beta = 4, payload = 5 bits
	(f)  beta = 4, payload = 10 bits


Figure 1: Code rates of HARQ-ACK, with (1) SIMO, outer-most, (2) SIMO, normal, (3) MIMO, outer-most and (4) MIMO, normal. The intensity of a pixel of (ITBS, NPRB) corresponds to a code rate. The darker a pixel, the higher a code rate is. A pure black pixel corresponds to code rate 1; a pure white pixel corresponds to code rate 0.
To reduce the probability of code rate outage, an implementation-based solution relying on the eNodeB configuring the 
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 value so that code rate outage (or large code rate) does not occur may be considered. However, the HARQ-ACK overhead scales with the 
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 value. Even though the code rate could be reduced for certain combinations of (ITBS, NPRB) that may result in high coding rates, a higher overhead would result in other combinations of (ITBS, NPRB) for which the desired reliability can be met with a smaller 
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 value. In other words, if beta_offset is intentionally chosen high to reduce the probability of code rate outage for high ITBS, then a large number of REs than needed will be used for a small ITBS. Hence, the implementation based solution does not seem to be desirable for the tradeoff between performance and overhead. 

We consider two alternatives to resolve this issue. 

· (Alternative 1) Set a minimum number of REs per CW (or a minimum number of coded bits per CW) in the Q' equation to ensure that large code rates are precluded for the transmission of HARQ-ACK (and RI) in the PUSCH. The minimum number of coded bits can be one of the following:
· a fixed number, 
· a multiple of the block length of the RM block code, i.e., 32, to always achieve all RM coding gains 
· a number depending on the payload, modulation order, number of layers, etc. 

· For example, to guarantee a maximum code rate does not exceed 0.5, the minimum number of coded bits should be greater than 2OACK. If conventional modulation scheme is used, the minimum number of REs per CW should be larger than 2OACK/Qm.

· (Alternative 2) Different redundancy versions of HARQ-ACK coded bits are transmitted on the two CWs. This can only apply for MIMO PUSCH.
· In example 1 shown in Figure 2(a), the first CW takes L(1)QACK consecutive bits from bit 0 of an RM codeword with wrapping around, while the second CW takes L(2)QACK consecutive bits from the (L(1)QACK mod 32)-th bit of the RM codeword.

· In example 2 shown in Figure 2(a), the first CW takes L(1)QACK consecutive bits from bit 0 of an RM codeword with wrapping around, while the second CW takes L(2)QACK consecutive bits counted backward from bit 31 of the RM codeword with wrapping around.
Between the two alternatives, Alternative 1 is preferred because Alternative 2 is applicable only to MIMO PUSCH and may not completely solve the problem. 
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Figure 2 Alternative 2: Two different redundancy versions of a (32,O) RM code are transmitted in the two CWs

3 Conclusion

This contribution proposes the following:

· UCI replication is performed before channel coding.

· Take Rel-8 TDD combination of RM code and conventional QAM modulation for Rel-10 higher-payload HARQ-ACK and RI as a baseline.
· A minimum number of coded bits per layer for HARQ-ACK should be set in the Q' equation to ensure low occurrences of code rate outage. This minimum number of coded bits can be one of:

· a fixed number, 

· a multiple of 32 to ensure reliability by having the coding gain of at least one non-punctured RM code,

· a variable number depending on the HARQ-ACK payload, the modulation order, etc. 
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(b) Example 1: 
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