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1
Introduction
During RAN1#61 ‎[1] and RAN1#61bis [2] meetings, considerable progress on UCI multiplexing on PUSCH was made. In RAN1#61 meeting, it was agreed that HARQ-ACK/RI are replicated across all layers of both codewords and TDM multiplexed with data such that UCI symbols are time-aligned across all layers. In later meetings, it was agreed that the number of UCI symbols is determined based on a simple extension of Rel’8 solution. However, some related issues remain still open as it was also pointed out in RAN1#62 meeting. In this contribution, we consider the channel coding and replication details for HARQ-ACK and RI with multi-layer PUSCH transmission. In RAN1#62 meeting, it was agreed that the final decision on these details should be made considering the performance as well as commonality with Rel’8 ‎[7].
2 Discussion
To reach high commonality with Rel’8, UCI transmission with SU-MIMO needs to be rather similar to UCI transmission on PUSCH with 1-Tx UE and changes are made only when reasonable. In the case of 1 and 2 bit HARQ-ACK and RI, we see that Rel’8 encoding scheme and modulation, i.e., the use of corner constellation points should be reused as such. Additionally, the basic idea of Rel’8 puncturing of HARQ-ACK and RI coded bits into data should be adopted as such per layer. Finally, HARQ-ACK and RI symbols should be treated as part of PUSCH data in the following scrambling, layer mapping, and resource element mapping. As insertion of placeholder bits is part of Rel’8 encoding scheme and depends on the used modulation, this implies that HARQ-ACK and RI bits need to be replicated over CWs before coding. When a single CW is mapped on multiple layers, the simplest way to replicate HARQ-ACK and RI bits over the layers associated to the CW is to replicate after coding as only one encoder per CW is then needed. However, same modulation symbols are obtained also if HARQ-ACK and RI bits are replicated over all layers before coding.

Proposal 1:
In the case of 1 or 2 bits, HARQ-ACK and RI bits are replicated over CWs before coding. If CW is mapped on multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding.    
Proposal 2:
In the case 1 or 2 HARQ-ACK and/or RI bits, corner constellation points are used similarly as in Rel-8 
Significantly larger HARQ-ACK and RI bit sizes than 1 and 2 bits are needed with carrier aggregation and TDD. In RAN1#61bis, it was agreed to reuse Rel’8 RM PUSCH UCI block code for 3-11 HARQ-ACK / RI bits. In Rel’8, over 2-bit HARQ-ACK / RI uses the whole modulation constellation configured for data. However, this causes problems with SU-MIMO when different modulation is configured for TBs. Regarding to the details of replication and coding, there are several apparent alternatives. One way to categorize alternatives is with respect to replication point:

· HARQ-ACK / RI is replicated over CWs after encoding

· Alt. 1: The whole modulation constellation configured for data is used also for UCI on each layer. In this case, UCI time-alignment across the layers is lost and different modulation symbols are transmitted on the layers. When the time-alignment is lost, also the possibility for rank-1 detection or, alternatively, for rank-N detection with effective inter-layer interference suppression is lost. In short, the basic benefits behind the UCI replication agreement on RAN1#61 are lost. 
· Alt. 2: Lower modulation order from the configured CW modulations is selected and used on all layers for UCI transmission [5]. Thus, modulation is changed between UCI and data symbols. We see this as an undesirable alternative as such modulation change is in the end logically complicated to implement. Also the required specification changes are wide-spread. Also the idea of using occasionally different modulation for UCI and PUSCH data is new and, thus, we see that it has low commonality with Rel’8. 

· HARQ-ACK / RI is replicated over CWs before encoding. When single CW is mapped on multiple layers, HARQ-ACK / RI is replicated over these layers after encoding 

· Alt. 3: Modulation corner constellation points (resembling QPSK) are used also with over 2 HARQ-ACK / RI bits [3]. 
· Alt. 4: Whole modulation constellation as configured for data is used also for UCI on each layer [6]. In this case, different modulation symbols are transmitted on the layers but UCI time-alignment across the layers is maintained (contrary to replication over CWs after encoding).
From these alternatives, the HARQ-ACK/RI replication over CWs  before encoding with use of either whole modulation constellation (alt. 4) or constellation corner points (alt. 3) appear most reasonable; they maintain the basic benefits of  HARQ-ACK/RI time alignment over layers and have high commonality with Rel’8. In particular, alternative 4 appears attractive as it has very high commonality with Rel’8; the only differences to Rel’8 are UCI resource dimensioning, which was agreed in previous RAN1 meetings, and actual replication (as well as one additional encoding block). Also when the number of HARQ-ACK/RI bits is changed (e.g. from 2 to 4 bits) only the encoding block is affected in the transmitter. For example in alt. 2, the change in the number of HARQ-ACK/RI bits has a wide spread affect on several points in UE transmitter. 

Proposal 3:
In the case of more than 2 bits, HARQ-ACK and RI bits are replicated over CWs before coding. If CW is mapped on multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding. 
3 Performance evaluation

In RAN1#62 meeting, it was agreed to 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 ‎[7].
In performance evaluations, we compare alternatives 3 and 4 as the most reasonable options. Also a further modification to alt. 4 has been pointed out; the idea is to use layer-specific puncturing on the (repeated) RM code.

This modification was also included to the simulations. Performance of alt. 3 and alt. 4 was compared in 2x2 antenna configuration for 16-QAM and 64-QAM modulations configured to both TBs. The number of symbols required to reach 0.1% nack-to-ack error rates are shown in Figures 1 and 2 for the cases of 4 and 6 HARQ-ACK bits, respectively.  
It can be noted that alt. 3, use of constellation corner points, provides somewhat better performance especially at lower SNR. By the use of corner constellation points only, UCI symbols benefit from 2.6 dB and 3.7 dB transmission power boost for 16-QAM and 64-QAM, respectively, over normally modulated symbols. However, gain diminish at high SNR. This is due to low effective modulation order in alt. 3 resulting in heavy RM code puncturing with small number of symbols reserved for UCI. Effect of heavy code puncturing start to dominate alt. 3 performance if the resource allocation is reduced further; its performance essentially collapses. For example, 40 % nack-to-ack error rate was observed for 4 HARQ-ACK bits with resource allocation of 2 symbols per layer. For 6 HARQ-ACK bits, 10% error rate was observed with resource allocation of 5 symbols as shown in Figure 3. In some cases, such sharp collapse in performance may need to be taken into account in the configuration of beta-offset as additional safe-margin. Hence we see alt. 4 as more preferable option. Finally, it can be noted that the gain from layer-specific code puncturing is marginal in the SNR range typical for multi-layer transmission.  
Proposal 4:
In the case of more than 2 bits, all modulation constellation points are used in the modulation of HARQ-ACK and RI bits. Used modulation is the same with PUSCH  data on the corresponding CW. 
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Figure 1. Number of required symbols for 0.1% NACK-to-ACK error rate for 4 HARQ-ACK bits for 16-QAM and 64-QAM  modulations. 
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Figure 2. Number of required symbols for 0.1%  NACK-to-ACK error rate for 8 HARQ-ACK bits for 16-QAM and 64-QAM modulations.
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Figure 3. Nack-to-ack error rate for 6-bit HARQ-ACK as function of number of allocated symbols.
Table 1. Simulation parameters 
[image: image6.emf]Description Settings

Carrier center frequency 2.0 GHz

System bandwidth 10 MHz

Effective bandwidth 9 MHz (50 PRB)

PRB allocation 4PRB

Traffic model  Full buffer

Velocity 3 km/h

Channel

Urban Micro NLoS channel with 3 dB 

difference between Tx antennas

Tx-Rx antenna configuration 2x2 

Antenna arrangement Cross-polarized antenna elements

Channel estimation real

Receiver

MIMO-MMSE FDE followed by ML 

detector for HARQ-ACK 

Modulation 16-QAM, 64-QAM


3
Summary 

In this contribution, we discussed details remaining open in HARQ-ACK/RI multiplexing on PUSCH with SU-MIMO. Due to high commonality with Rel’8 solution, we found replication of HARQ-ACK / RI over CWs before encoding as an attractive design in all cases. In the design, when single CW is mapped on multiple layers, HARQ-ACK / RI is replicated over these layers after encoding.
Proposal 1:
In the case of 1 or 2 bits, HARQ-ACK and RI bits are replicated over CWs before coding. If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding. 
Proposal 2:
In the case 1 or 2 HARQ-ACK and/or RI bits, corner constellation points are used similarly as in Rel-8 
Proposal 3:
In the case of more than 2 bits, HARQ-ACK and RI bits are replicated over CWs before coding. If a CW is mapped onto multiple layers, HARQ-ACK and RI bits are replicated over these layers after coding. 
Proposal 4:
In the case of more than 2 bits, all modulation constellation points are used in the modulation of HARQ-ACK and RI bits. Used modulation is the same with PUSCH data on the corresponding CW. 
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