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1. Introduction

In the RAN1 #61bis meeting, the UCI (uplink control information), especially HARQ-ACK and RI, transmission on PUSCH with SU-MIMO was discussed, and the following conclusion was reached [1]:
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In this contribution, we show simulation results for each of these topics, and propose that Option A with layer specific scrambler and placeholder is the best option for the design of UCI multiplexing scheme.

2. Discussions

2.1. Classification for Replication Techniques
In the RAN1 #61bis meeting, a few options were proposed as an exact interpretation of the term “Replica” [3]. In addition, it was proposed that the modulation scheme and mapping scheme should be discussed. The possible combinations of these topics can be summarized as Table 1 and 2. The exact explanations are described in the following subsections.

Table 1 Classification of HARQ-ACK/RI Replication schemes for 1/2 bits with repetition coding

	Replication scheme
	Option A
before channel coding
	Option B
after channel coding
	Option C
after scrambling

	Scheme Label
	(1-1)
	(1-2)
	(1-3)

	Modulation scheme
	QPSK (w/placeholder)
	QPSK (w/placeholder)
	QPSK(w/placeholder)

	Mapping scheme
	LSS 
	LSS, Alamouti
	OL precoding(PVS, fixed)
CL precoding

	Equalizer type
	Rank N
	Rank N
	Rank 1


Table 2 Classification of HARQ-ACK/RI Replication schemes for more than 2 bits with RM coding

	Replication scheme
	Option A
before channel coding
	Option B
after channel coding
	Option C
after scrambling

	Scheme Label
	(2-1)
	(2-2)
	(2-3)
	(2-4)
	(2-5)
	(2-6)

	Modulation scheme
	Same as PUSCH
	QPSK (w/placeholder)
	Same as PUSCH
	QPSK (w/placeholder)
	Same as PUSCH
	QPSK (w/placeholder)

	Mapping scheme
	LSS
	LSS
	LSS, Alamouti
	LSS, Alamouti
	OL precoding (PVS, fixed)
CL precoding
	OL precoding (PVS, fixed)
CL precoding

	Equalizer type
	Rank N
	Rank N
	Rank N
	Rank N
	Rank 1
	Rank 1


2.1.1. Replication Schemes

Figure 1 shows the diagram to explain the difference between Option A and B. In this figure, 2 bit HARQ-ACK with rank 2 PUSCH transmission is explained.
In Option A, the UCI are replicated in each transport block, and channel coding is applied. It is assumed that the channel coding block for TB 0 and 1 generates different coded UCI bits. In Option 2, one channel coding block generates QACK bit of coded bits, and then the generated coded bits are replicated to each TB. Therefore, the transmitted UCI bits for each layer are the same.

It is noted that the behavior of Option A and B is almost same for 1 or 2 bit HARQ-ACK case because the placeholder and repetition coding are employed. The performance gap would happen more than 2 bits (RM coding) case.
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Figure 1 Example of Option A and B

2.1.2. Modulation Schemes

As discussed in [4], it should be considered whether the common modulation scheme should be used or not for the more than 2 bit case for synchronization of the UCI symbols over the spatial layers. One simple solution would be the placeholder (i.e. QPSK constellation constraint irrespective of PUSCH modulation scheme) because it is already specified in Rel-8. In addition, we think that the placeholder might contribute to improve the performance by maximizing the Euclidean distance between symbols. 

2.1.3. Mapping Schemes

In our understanding, mapping schemes are used to overcome the performance loss due to their precoder mismatch [3]. The four schemes (layer specific scrambling (LSS) [2], Alamouti [5], open loop (OL) precoding (PVS and fixed precoding) and closed loop (CL) precoding are listed as the candidates. Note that additional PMI indication by the UL-grant is required in the case of CL precoding. In addition, the mapping schemes are tied to the replication schemes of Option A to C, thus the mapping schemes can be automatically determined by the choice of the replication scheme.

2.1.4. Equalizer Type

If the spatial-multiplexed UCI symbols aren’t synchronized (i.e. a different UCI symbol is mapped onto the same time-frequency region), the receiver is required to separate the spatial-multiplexed signals. Therefore, rank N (where N is the rank of PUSCH) equalizer shall be employed. On the other hand, rank 1 equalizer can be used irrespective of the rank of PUSCH in other cases. Which equalizer to use is tied to the Replication scheme, Modulation scheme and Mapping scheme, thus it shall automatically determined.

2.2. Receiver Complexity Analysis

In this section, we show the result of our analysis regarding the complexity of receivers. Our observation can be summarized as following:

Observation:

· Compared to the receiver with rank N equalizer and rank 1 equalizer, rank N equalizer can achieve the simpler design
· However, the complexity of the receiver with rank 1equalizer would be acceptable
And the detailed analysis can be found in the subsections.
2.2.1. With Rank N Equalizer
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Figure 2 Example receiver design with rank N equalizer

Figure 2 shows an example receiver design with rank N receiver and LSS in the case of 2x2 SU-MIMO. In this case, a common receiver branch can be applied to both the data part (UL-SCH) and the UCI (HARQ-ACK / RI). As a result, no big change from Rel-8/9 is necessary and the simplest receiver can be achieved at the expense of inter-stream interference.
2.2.2. With Rank 1 Equalizer
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Figure 3 Example Receiver design with rank 1 equalizer
Figure 3 shows an example receiver design with PVS rank 1 receiver in the case of 2x2 SU-MIMO. It is noted that a rank 1 equalizer is applied together with PVS, because PVS is used for the randomization of the beam direction. In this case, two types of receivers are required for the data part and the UCI, respectively. However, the complexity to have two receiver branches would be minimal, because the behaviour of the equalizer is completely the same, and the same circuit can be reused. 

3. Simulation Results

In this section, we show simulation results for each Replication scheme to check the performance gap between the schemes. In this evaluation, we applied link adaptation for the evaluation, because it is useful to check the overall behavior of each scheme. The simulation assumptions can be found in Table 3 in Annex.

3.1.  One or Two bits case
In this section, we show the BLER performance of 2 bit HARQ-ACK, in Figure 4. In addition, the throughput performance for UL-SCH is also shown in Figure 6 in the Annex, to check whether the link adaptation algorithm works well. The evaluated options for replication scheme are listed below.

· (Ref) Rel-8 scheme with 1x2 antenna configuration (single antenna port transmission)

· (1-2) Option B with LSS and rank 2 UCI receiver

· (1-3) Option C with PVS and rank 1 UCI receiver

Note (1-1) is not evaluated here because almost the same coded UCI bits are generated for each layer due to placeholder and repetition coding for 2 bit HARQ-ACK.
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Figure 4 BER Performance comparison of each scheme (2 bit HARQ-ACK, 
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These results demonstrate that the replication scheme (1-2) outperforms (1-3) despite the inter-stream interference. However, one problem can be that the same 
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 value as for single antenna port transmission cannot be applied, due to the considerable performance degradation, and additional protection for SU-MIMO case is necessary. Therefore, we propose:
Proposal:

· For one or two bit HARQ-ACK/RI case,

· LSS (or Alamouti) and rank N receiver should be the baseline.
· The choice between Option A (1-1) or B (1-2) should be determined by the performance of the more than 2 bits case, since the performance of Options A and B is similar for the 1/2 bit case.
· Further optimization should be considered to compensate for the performance gap over single antenna port transmission.
3.2. More than 2 bits case

In this section, we show the BLER performance of 10 bit HARQ-ACK, in Figure 5. In addition, the throughput performance for UL-SCH is also shown, in Figure 7 in the Annex, to check whether the link adaptation algorithm works well. Again, the evaluated options for replication scheme are listed below. Note that the channel coding of each TB generates different UCI bits as shown Figure 6.

· (Ref) Rel-8 scheme with 1x2 antenna configuration

· (2-1) Option A with LSS and rank 2 UCI receiver

· (2-2) Option A with LSS, rank 2 UCI receiver and placeholder

· (2-3) Option B with LSS and rank 2 UCI receiver

· (2-4) Option B with LSS, rank 2 UCI receiver and placeholder
· (2-5) Option C with PVS and rank 1 UCI receiver

· (2-6) Option C with PVS, rank 1 UCI receiver and placeholder
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Figure 5 BER Performance comparison of each scheme (10 bit HARQ-ACK, 
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Figure 6 Behaviour of channel coding blocks of TB 0 and 1 for Option A

These results demonstrate that the replication scheme of Option A (2-1 and 2-2) outperforms other schemes especially in the higher SINR (i.e. SU-MIMO interested regions). The reason of performance degradation for Option B (2-3 and 2-4) is that the repetition over the spatial layers causes too much puncturing of RM coded bits, resulting in the shorter Hamming distance than Option A. The same reason can be applied to Option C (2-5 and 2-6), but the performance is the worst due to the precoder issue. In addition compared (2-1) to (2-2), it was demonstrated that the placeholder can improve the performance and the similar performance with Rel-8 can be achieved.

From these simulation results and considerations, we propose the following:

Proposal:

· For more than 2 bit HARQ-ACK/RI case,

· Option A with LSS and rank N receiver should be the baseline
· Placeholder should be employed to achieve more accuracy

4. Conclusion

In this contribution, we discussed the open issues for HARQ-ACK and RI in the case of SU-MIMO, and showed simulation results for the Options under consideration. From these discussions, we propose the following:

· Clarification for the exact interpretation of “Replica”
· Option A (Replicate before Channel Coding) would be appropriate in terms of performance and complexity

· FFS for the behavior of channel coding block of each TB

· Clarification for which modulation is used in case of 2 CW transmission
· use placeholder (QPSK constellation) regardless the number of HARQ-ACK/RI bits

· Mapping schemes for RI and AN
· layer specific scrambler is applied
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6. Annex

6.1. Simulation Assumptions and Results
Table 3 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2, Rx: 2

	Channel Model
	SCM urban macro

· UE mobility: 3kmph
· antenna configuration at eNB: cross polarized

· antenna correlation at UE: cross polarized

	Resource assignment for UE
	4 RBs

	Receiver Type
	Linear MMSE

	Bit Detection Scheme for HARQ-ACK
	ML

	Rank adaptation
	Rank 2 fixed

	Link adaptation
	On, Target BLER for UL-SCH = 10-1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation for demodulation and sounding
	Demodulation: Ideal / Realistic

Sounding: Ideal/Realistic

	Flashlight effect
	0 dB / 3dB

	Scheduling Delay from SRS to PUSCH Transmission:
	8 ms

	Cyclic Prefix Type
	Normal CP

	HARQ scheme for UL-SCH
	Incremental Redundancy in TS 36.212
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	2.0 for 1 or 2 bit case

4.0 for more than 2 bit case

	Number of UCI symbols per layer (Q’)
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	Maximum Retransmission number
	4
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Figure 6 Throughput performance of UL-SCH with 2 bit HARQ-ACK
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Figure 7 Throughput performance of UL-SCH with 10 bit HARQ-ACK























































































































































































































































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
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