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1 Introduction

In RAN1 session 62, companies decided to choose one of the following schemes to transmit ACK/NACK/RI under SU-MIMO:
· 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.
This contribution only focuses on options A and B, since they do not change the existing Rel-8/9 solution too much. 
2 Options A and B for More-Than-Two-Bit Case
Options A and B are widely recognized as in Figure 1 [1][2][3]. In option A, the coded bits for two codewords (CW) are generated independently by two channel coding modules. So, there is no UCI misalignment among multiple layers, because the coded bits for each CW are generated by using its own modulation index. However, since in option B only one channel coding module is used, the modulation index determination might be a problem. If two CWs use different modulations and the number of ACK/NACK bits is larger than 2, option B suffers UCI misalignment among multiple layers [2].
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Figure 1. Illustrations of options A and B.

To solve this problem of option B in the more-than-two-bit case, the modulation index could be chosen to be the larger one between the two modulation indices, namely 
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 (assuming modulation index of CW 0 is larger than that of CW 1, i.e., 
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). Then, the length of coded bits should be 
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 denotes the number of REs for ACK/NACK transmission in each layer. After duplication of the coded bits, one copy is for CW 0 and the other is for CW 1. Since 
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, the copy for CW 1 could be directly truncated to 
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 bits prior to channel interleaving. This way could solve the UCI misalignment problem of option B. Moreover, since the two channel encoders of option A are identical and also the same as the one of option B, the two options generate the same coded bits for the two CWs after applying the above truncation operation for option B (based on page 25 of [4]). So, option A and the modified option B are equivalent, but the latter one only requires one channel encoding module. Some simulation results are provided in Figures 2, 3, and 4 to show that option A and the modified option B perform equally (the simulation parameters are listed in table 1).
Proposal: Option A or the modified option B should be adopted, since they require fewer changes to the current Rel-8/9 solution.
3 Conclusion
In this contribution, we provide some views on the UCI replication for multiple layers. Based on the above discussions, we have the following proposal:
Proposal: Option A or the modified option B should be adopted, since they require fewer changes to the current Rel-8/9 solution. 
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Figure 2. QPSK/16QAM modulation combination (4 ACK/NACK bits (left) and 10 ACK/NACK bits (right)).
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Figure 3. QPSK/64QAM modulation combination (4 ACK/NACK bits (left) and 10 ACK/NACK bits (right)).
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Figure 4. 16QAM/64QAM modulation combination (4 ACK/NACK bits (left) and 10 ACK/NACK bits (right)).
Table 1. Simulation parameters.
	Parameter
	Setting

	Bandwidth
	5 MHz (25 PRBs)

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	2x2 (two codewords)

	Channel Model
	TU-6 with velocity 3 km/hr

	PRB allocation
	2 PRBs

	Receiver Type
	Linear MMSE

	Channel estimation
	1D-MMSE

	Modulation combination 

(CW1/CW0)
	QPSK/16QAM, QPSK/64QAM, 16QAM/64QAM
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