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1. Introduction

In the RAN1 #60bis meeting, the UCI (uplink control information) transmission on PUSCH with SU-MIMO was discussed, and the following conclusion was reached [1]:


While simplicity and latency are important goals for the design of UCI transmission on the PUSCH with SU-MIMO, it is a higher priority that the proposed scheme can first meet the link/system performance goals, and satisfy the requirements of BER/BLER. 

In RAN#60bis there was a proposal to map the UCI to a single Codeword [2] when the UCI is multiplexed with data in a PUSCH multiple-layer transmission. In this contribution, we show that under the scenarios we examined, with this proposed scheme [2] it is not easy to meet the performance targets for the ACK/NACK component of the UCI. We further show that a simple extension called rank fallback scheme, i.e. repetition of the UCI information onto the 2nd Codeword in the case of multi-layers [3], resolves the issue.

2. Comparison of two UCI feedback Options for PUSCH with SU-MIMO 

We compare the following 2 options for the case of UCI transmissions described above (UCI is multiplexed with data in a PUSCH multiple-layer, multiple codeword transmission for SU MIMO) and show simulation results in the next section.

· Option 1

· the UCI is mapped to a single CW only, as in [2].

· Option 2

· the UCI symbol as generated for Option 1 is also copied to the 2nd CW, as in [3]
In this contribution, we focus only on the single CC (Component Carrier) case and the same UCI bit size as in Release-8, in order to quickly share our concerns and start to progress the issue - 

· The rules of “sequence to codeword mapping”

· How to determine modulation scheme and the number of utilized REs

We understand that there is a need to also consider key differences for Release 10 UCI transmission, such as feedback information for carrier aggregation and the concurrent transmission of PUSCH and PUCCH, not only for UL SU-MIMO but also DL SU/MU-MIMO. The following issue targeting UL SU-MIMO up to rank 4 should also be considered -  
· The rules of “codewords to layer mapping” 

· in the case of rank 3 and 4 SU-MIMO

The final decision on the UCI transmission mechanism on PUSCH with SU-MIMO should be made based on the results in this contribution and also by considering all the aspects described above, in this section. While optimizations based on the mapping schemes can yield further improvement benefits, this mapping scheme of UCI on multiple layers should be taken as working assumption to move forward. In particular, as long as UCI transmission formats need to be defined for SU-MIMO in addition to SIMO, they should be refined in such a way as to optimize usage time/frequency resources for both the UCI and UL-SCH with minimal changes to Release 8, as justified by performance/complexity/specification impact because the unequal error protection do not perform well, as described below.
2.1. Simulation Results

In this section, we show link level simulation results in Figure 1 and 2 for the throughput performance of UL-SCH and the BER/BLER performance of ACK/NACK and CQI, respectively. The important assumptions are listed below, and the other assumptions are shown in Annex.

· UCI information

· 2-bit ACK/NACK

· 11-bit CQI(/PMI)

· Two rules of UCI sequence to codeword mapping – Options 1 and 2

· Option 1
· Layers associated with 1st CW only [2]

· referred as “rank2/1st CW” in Figures 1 and 2

· Option 2
· Copy the UCI symbol from the 1st CW to the 2nd CW [3]

· i.e. equivalent to rank 1 transmission only for UCI

· referred as “rank2/rank fallback” in Figures 1 and 2

· Rel-8 scheme

· Rel-8 UCI transmission scheme with rank 1 is shown as a reference

· referred as “rank1/Rel-8” in Figures 1 and 2

The scheduler determines MCS in the following manner:

· Determine MCS for UL-SCH of both CWs irrespective of the existence of UCI

· Determine TBS(transport block size) to satisfy MCS determined above, considering the RE regions occupied by UCI

· number of REs for UCI is determined by TBS of UL-SCH, which manner is same as that of Rel-8
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	(a) throughput performance of UL-SCH with ACK/NACK piggyback
	(b) BER of 2-bit ACK/NACK on PUSCH


Figure 1 : Throughput performance of UL-SCH and BER of ACK/NACK
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	(a) throughput performance of UL-SCH with CQI piggyback
	(b) BLER of 11-bit CQI on PUSCH


Figure 2 : Throughput performance of UL-SCH and BLER of CQI 
From these results, the following points can be observed:

· From Figures 1-(b) and 2-(b)

· The BER/BLER performance of UCI for the rank2/1st CW mapping scheme has a significant loss compared to the rank1/Rel-8 scheme, in spite of setting a lower MCS levels automatically linked with UL-SCH.
· This means that the mechanisms of error protection for the UCI and UL-SCH on PUSCH with SU-MIMO do not perform well with reasonable SNRs.
· We should evaluate further whether this tendency would be more harmful in the realistic situations (e.g. realistic sounding, rank 3/4 transmission or flashlight effect. an example evaluation is shown in Figures 3 and 4 in Annex)
· The BER/BLER performance of UCI for the rank2/rank fallback scheme has a performance loss compared to the rank1/Rel-8 scheme, but the degradation is lower than that of the rank2/1st CW mapping scheme. 

· For ACK/NACK

· From Figure 1-(b), the rank2/1st CW mapping scheme can’t meet the target quality of BER=10-3 ~10-4 under the assumptions.

· In order to meet the requirement, the scheduler sets a small-enough TBS for UL-SCH or a large-enough 
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 value considering the possible transmission rank. 
· However, such a delicate quality control imposes an additional complexity to the scheduler. The mapping scheme that can achieve similar performance irrespective of transmission rank would be preferable, similar to Rel-8.
· From Figure 1-(a), the throughput degradation for UL-SCH isn’t an issue.

· In conclusion, it is a little dangerous to employ the rank2/1st CW mapping scheme for ACK/NACK, and the rank2/rank fallback scheme is appropriate from an ACK/NACK performance perspective.

· For CQI

· From Figures 1-(b) and 2(b), we see that both two schemes can meet the target quality of BER<10-2, but the rank2/rank fallback scheme has better performance than the rank2/1st CW scheme.

· From Figure 1-(a), the rank2/rank fallback scheme might cause a very small throughput loss of UL-SCH because it occupies REs for both CWs.

· However, if the rank2/rank fallback scheme has to be specified for the ACK/NACK, specifying the rank2/1st CW scheme for CQI introduces additional complexity by having to specify two differing schemes. In addition, the scheme that can achieve similar performance irrespective of transmission rank would be preferable, as described above.
· Considering these 3 points, while the rank2/1st CW mapping scheme would meet the CQI performance targets, the rank2/rank fallback scheme has a net advantage for the CQI case also.

Based on these observations, we propose that RAN1 consider the following as a working assumption, pending confirmation of similar results for the cases listed in section 2.:

· For ACK/NACK
· the rank2/rank fallback scheme should be specified 

· For CQI/PMI

· the rank2/1st CW mapping scheme avoids depletion of Resource Elements
· however, a common scheme is necessary for simplicity of specification and implementation, and the rank2/rank fallback scheme should be specified for CQI/PMI

· if the delay of detection is problem, eNB can use only 1st CW for sequence detection

· RI

· FFS

3. Conclusion

In this contribution, we simulated UCI transmission schemes on PUSCH with SU-MIMO from a performance perspective. Based our simulation results, we propose the following:

· For ACK/NACK
· the rank2/piggyback mapping scheme should be specified 

· For CQI/PMI

· the rank2/1st CW mapping scheme  avoids depletion of Resource Elements
· however, a common scheme is necessary for simplicity of specification and implementation, and the rank2/rank fallback mapping scheme should be specified for CQI/PMI

· if the delay of detection is problem, eNB can use only 1st CW for sequence detection

· RI

· FFS

However, the simulation was carried out the same bit size as Rel-8 (i.e. 2 bit ACK/NACK and 11 bit CQI). Because Release-10 might support more feedback information due to enhanced DL transmission or carrier aggregation, the piggyback mechanism should be determined carefully considering these aspects. Therefore, we propose to continue discussion until the bit size of UCI is determined.
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5. Annex

5.1. Simulation Assumptions

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2, Rx: 2

	Channel Model
	EPA
UE mobility: 3kmph
antenna correlation at UE: 0.1
antenna correlation at eNB: 0.1

	Resource assignment for UE
	4 RBs

	Receiver Type
	Linear MMSE

	Bit Detection Scheme for UCI
	1 tap ML

	Rank adaptation
	Off (rank 1 fixed or 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 
	Realistic for demodulation
Ideal and for sounding

	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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	Selected to satisfy the target error rate for rank 1 UL-SCH transmission
ACK/NACK:  2.0 
CQI:         1.125

	Maximum Retransmission number
	4


5.2. Link Level Simulation Results for more realistic situations
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	(a) throughput performance of UL-SCH with ACK/NACK piggyback
	(b) BER of 2-bit ACK/NACK on PUSCH


Figure 3 : Throughput performance of UL-SCH and BER of ACK/NACK with realistic sounding and flashlight effect (
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=2.5)

	[image: image10.emf]0

1

2

3

4

5

6

7

0 5 10 15 20 25

Normalized Throughput [bps/Hz]

Average Received SNR [dB]

rank 2 / 1st CW

rank 2 / fallback

rank 1 / Rel-8


	[image: image11.emf]1E-4

1E-3

1E-2

1E-1

1E0

0 5 10 15 20 25

Block Error Rate of 11

-

bit CQI

Average Received SNR [dB]

rank 2 / 1st CW

rank 2 / fallback

rank 1 / Rel-8



	(a) throughput performance of UL-SCH with CQI piggyback
	(b) BLER of 11-bit CQI on PUSCH


Figure 4 : Throughput performance of UL-SCH and BLER of CQI with realistic sounding and flashlight effect (
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=1.125)






















































































































































































































































Conclusion:


Continue discussion until next meeting


Focus the discussion on


Consider the aspects of simplicity, decoding latency, throughput loss, robustness of UCI


Different UCI may have different robustness requirements


It is possible that different UCIs could have different mapping rules
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