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1. Introduction

In the RAN1 #62bis meeting, the replication scheme of HARQ-ACK and RI on PUSCH with SU-MIMO was determined as in [1]. On the other hand, an issue regarding excessive puncturing of RM (Reed Muller) coded bits was also discussed, and it was agreed that a standard-based solution as below is to be introduced for Rel-10.
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Despite the agreement above, the following three points are still open, and these should be defined in order to finalize the standardization task on this topic:

1. Whether the solution would be applied for all transmission ranks.

2. Whether the solution is introduced irrespective of the UCI payload size.

3. Exact definition of 
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, examples of which are provided in [2]. 

In this contribution, we share our view on the questions of 1~3.

2. Discussions

2.1. Whether the solution would be applied for all transmission ranks

As discussed so far, the puncturing issue of RM coded bits would happen not only for the SU-MIMO transmission case but also for the single antenna port transmission case. In order to avoid a decrease of the PUSCH region due to piggybacking UCI with unnecessarily large 
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values, it would be appropriate to apply 
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 to both cases. Of course, this equation is applicable only for Rel-10 transmission mode because of backward compatibility.

Proposal:

· 
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 should be applied for rank 1 (and single antenna port) transmission in addition to for SU-MIMO PUSCH transmission.

· 
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 is applied when the Rel-10 PUSCH transmission mode is configured.

2.2. Whether the solution is to be introduced irrespective of the UCI payload size

It is also broadly known that the puncturing issue can be applied only when RM coding is used, and its degradation was shown in [3]. Therefore, it is necessary to apply 
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 for more than 2 bit payload to avoid zero Hamming distance. 
For 1 or 2 bit payload case, it should be clarified whether any problem would be happened for rank 1 transmission for UCI while the resource allocation for UCI is calculated based on the spectral efficiency of the possibly high-rank SU-MIMO transmission on PUSCH. In order to check the performance without 
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, we show a simulation result for 2x2 and 4x4 antenna configuration with link and rank adaptation in Figure 1. Note that we employed the same scrambler as in Rel-8 performed with PUSCH. In addition, rank N equalizer (i.e. layer separation) and ML sequence detection is applied in the receiver. Other simulation assumptions are shown in Table 1 in Annex. From this result, we couldn’t find any problem on UCI performance even in the higher PUSCH spectral efficiency region with higher rank transmission. Therefore, we don’t see the necessity to introduce 
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 for this case. 
Based on the discussions above, we propose following:
Proposal:

· 
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 is applied only when RM coding is applied (i.e. UCI payload size is greater than 2)
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	(a) PUSCH Throughput
(w/ link and rank adaptation)
	(b) BER of 2bit RI
(
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Figure 1 Performance comparison of Throughput and UCI Bit error rate for 2 bit RI
2.3. Exact definition of 
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The examples captured in [2] are listed below for easy reference:

· Example 1 
[image: image15.wmf]÷

÷

ø

ö

ç

ç

è

æ

ú

ú

ù

ê

ê

é

×

=

PUSCH

sc

offset

M

s

O

Q

4

,

min

'

max

min

b


· 
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· 
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is specified to a specific value (e.g., 1/2) or configured by higher layer signaling 

· Example 2 
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· Example 3 
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· Example 4 
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· Example 5 
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 minimal number of coded bits required for b payload bits, example 
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Note that Q’ can be either 
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or 
[image: image25.wmf]2

/

)

(

'

2

1

m

m

m

Q

Q

Q

+

=

, where 
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 is the modulation order for CQ(x). 

In the following section, we consider the impact on the existing scheduler in determining the MCS level for PUSCH, the performance degradation for PUSCH due to a larger number of UCI symbols, and the performance improvement of UCI by the introduction of 
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, and we clarify which example would be the best design.

2.3.1. Impact on the Existing Implementations

Figure 2 shows the algorithm we have in mind, to determine the MCS level for PUSCH, which clarifies which part will be affected by the introduction of 
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. In our implementation, the PUSCH TBS is controlled to satisfy the target error rate of 10% by recursive processing, then Q’ is determined from the final TBS. As shown below, all the examples affect only one part (i.e. Q’ calculation) and the current Rel-8 algorithm to determine the MCS level for PUSCH can be almost reused as is. 

Observation:

· All the examples have less impact on the existing implementation of MCS level determination.

· The final decision should be made considering PUSCH throughput and UCI accuracy
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	(a) Rel-8/9 procedure
	(b) New procedure considering 
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Figure 2 An example procedure to determine the MCS level for PUSCH, and the Q’
2.3.2. Simulation Results

Figure 3 shows the link level simulation results for Examples 1~5 assuming that a 6 bit RI is piggy-backed on PUSCH with rank 2 SU-MIMO. Figure 2-A shows the PUSCH throughput and 2-B shows the throughput degradation over the “no UCI piggyback” case, respectively. Furthermore, Figure 2-C shows the bit error rate of RI. In this simulation, the puncturing issue is emphasized by setting 
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=1.250. It is noted that α=1.5 is applied for Example 1 in this evaluation.
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	(2-A) PUSCH throughput (6 bit RI)
	(2-B) PUSCH throughput degradation from the “no-UCI piggyback” case
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	(2-C) BER of 6 bit RI (
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Figure 3 Performance comparison of Throughput and UCI Bit error rate for Options 1-5

From the simulation results, it was confirmed that the BER of the UCI is degraded in the higher SINR regions due to excessive puncturing, compared to when 
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 is not introduced (red line). In contrast, it was demonstrated that the performance of the UCI can be improved by the introduction of 
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. The characteristic of each scheme can be summarized as following:

· For Example1, the introduction of 
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 affects only for the higher spectral efficiency region.

· For Example 2, the best performance improvement can be achieved, but at the expense of the worst PUSCH throughput degradation. 

· For Examples 3~5, the performance of UCI can be improved for all spectral efficiency regions, and no remarkable performance (UCI and PUSCH) gap was found between these Examples.

2.3.3. Consideration and Proposal

In this section, we consider which Example can achieve the desired property of 
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, taking the above simulation results into account. If the UCI performance can be improved in all the SINR (i.e. PUSCH payload) regions by the introduction of 
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, the role of 
[image: image42.wmf]min

'

Q

 would be same as 
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 and the importance of 
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 would be diminished. Therefore, the desirable behaviour of 
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 would be “Compensation of the UCI performance degradation in the higher spectral efficiency region” as in Figure 4. In that sense, Example 1 seems to reflect this requirement very well.
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Figure 4 Desirable Behaviour of 
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Regarding Example 2, its performance improvement is obviously exaggerated at the expense of PUSCH throughput degradation. Therefore, it should not be employed. For Examples 3~5, they are also candidates, because the UCI performance degradation can be completely avoided and stable performance regardless of spectral efficiency can be achieved without PUSCH performance degradation. However, we prefer Example 3 from among 3~5 because of its simplicity. Regarding the definition of Q’, we see no technical reason to use 
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. Hence we propose following:
Proposal:

· Example 1 or 3 with 
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should be employed

· Example 1 can achieve the most preferable behavior of UCI performance to compensate the puncturing issue.

· Example 3 is also acceptable because of its performance and simplicity.
3. Conclusion

In this contribution, we discussed the remaining issues on HARQ-ACK/RI piggyback on PUSCH, especially the introduction of 
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. Based on the simulation results and assessments, we propose following:

Proposals:

· 
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 should be applied for rank 1 (and single antenna port) transmission in addition to for SU-MIMO PUSCH transmission.

· 
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 is applied when the Rel-10 PUSCH transmission mode is configured.

· 
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 is applied only when RM coding is applied (i.e. UCI payload size is greater than 2)

· For the definition of 
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, Example 1 or 3 with 
[image: image55.wmf])

,

min(

'

2

1

m

m

m

Q

Q

Q

=

 should be employed

· Example 1 can achieve the most preferable behavior of UCI performance to compensate the puncturing issue.

· Example 3 is also acceptable because of its performance and simplicity.
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5. Annex

5.1. Simulation Assumptions

Table 2 Simulation Assumptions for 2-bit payload evaluations
	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	(Tx: 2, Rx: 2) and (Tx: 4, Rx: 4)

	Channel Model
	EPA
· UE mobility: 3kmph

· Antenna Correlation for Tx: 0.1

· Antenna Correlation for Rx: 0.1

	Number of assigned RBs
	4 RBs

	Receiver Type
	Linear MMSE

	Bit Detection Scheme for HARQ-ACK/RI
	ML

	Rank adaptation
	On (Rank 1~2/4)

	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
	Realistic for demodulation and sounding

	Flashlight effect
	0 dB

	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

	UCI payload
	RI 2 bits
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	RI: 1.625

	Maximum Retransmission number
	4


Table 2 Simulation Assumptions for 
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 evaluations

	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

· eNB Angle Spread: 8

	Number of assigned RBs
	4 RBs

	Receiver Type
	Linear MMSE

	Bit Detection Scheme for HARQ-ACK/RI
	ML

	Rank adaptation
	Off (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
	Realistic for demodulation and sounding

	Flashlight effect
	0 dB

	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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	RI: 1.625

	Payload size of UCI
	RI 6 bits

	Maximum Retransmission number
	4
























































































































































































































































Agreement:


A standard-based solution for resolving issues with optimistic code rates for high payloads/spectral efficiencies is introduced. 


Working assumption is to make sure that the number of REs is not smaller than Qmin. 


� EMBED Equation.3  ���, where � EMBED Equation.3  ��� is � EMBED Equation.3  ���


� EMBED Equation.3  ���


Q’min is determined as a function of modulation order, and/or number of layers, and/or HARQ-ACK/RI payload. 
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