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1. Introduction

In the RAN1 #62 meeting, the UCI (uplink control information), especially HARQ-ACK and RI, transmission on PUSCH with SU-MIMO was discussed, and the following agreement was reached [1]:
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In this contribution, we provide the simulation results for each of these options, and the complexity analysis to check the commonality with Rel-8 specifications. Finally, we propose that Option A is the best choice for the design of HARQ-ACK/RI multiplexing scheme.

2. Options for UCI Replication Schemes

Regarding the options for UCI replication schemes, the proposals in [2]-[11] can be classified as following. The detailed implementations are described in the companion contribution [11].

· Option A) Replicate before channel coding (i.e. w/o time-aligned property)

· A-1) Use layer specific scrambler only
· A-2) Use layer specific scrambler & different coded bits selection
· Option B) Replicate after channel coding (i.e. w/ time-aligned property)

· B-1) Use layer specific scrambler with corner constellation of modulation symbols 

· Note that before/after replication shall be the same when corner constellation is used

· B-2) Use layer specific scrambler without corner constellation of modulation symbols 

· Option C) Combination of replication and Alamouti mapping as shown in R1-104697 

2.1. Motivation for Option A

Assuming the use of rank N equalizer (i.e. complete layer separation by the receiver), it is not necessary to keep the time-aligned mapping of UCI symbols as long as UCI symbols and data symbols aren’t overwrapped. Therefore, different modulation scheme can be used for TB0 and TB1. In addition, it is not necessary to copy the same vector sequence to the consecutive vector (i.e. 
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) to achieve the time-aligned property when one TB consists of two layers (i.e. rank 3 and 4 cases).

On the top of basic idea for Option A, we propose further optimization (Option A-2) to avoid the “too much puncturing” issue by different coded bits selection for each TB. This feature can be achieved by adding the offset of 
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were bn is the output sequence of RM coding block. This puncturing issue will not happen when an appropriate 
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 for Rel-8 single Tx transmission is selected. This technique can reduce the eNB complexity to check the 
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 value, which can to avoid too much puncture. 

2.2. Motivation for Option B and C

The motivation of Option B is to achieve the time-aligned property between UCI symbols. Therefore for Option B, the common modulation schemes for TB0 and TB1 must be used, and 
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 mentioned above shall be necessary. By this replication technique, the type of equalizer (i.e. rank 1 or rank N) can be kept as an eNB implementation matter.

Option B can be classified into to 2 groups. Option B-1 is symbol-level replication using the corner constellation points. And Option B-2 is symbol-level replication NOT using the corner constellation points. The benefit of Option B-1 is symbol level replication can be achieved without standardization efforts (because the same mechanism is already introduced in Rel-8) and maximised Euclidean distance. On the other hand, Option B-2 can relax the performance degradation by puncturing issue.

Furthermore, Alamouti base mapping scheme was proposed to guarantee the avoidance of the null beamforming, because that for layer specific scrambler depends on the scrambling sequence. This scheme is labelled as Option C, although this is a subset of option B.

3. Complexity Analysis

In this section, the impact for the specs, especially the functions to be changed from Rel-8 specs, are discussed. The functions discussed here are classified into 4 parts, and summarized in Table 1 below:

Table 1 Complexity Analysis for the Specs of Each Option

	
	Option A-1
	Option A-2
	Option B-1
	Option B-2
	Option C

	Channel Coding
	No impact
	Necessary
	No impact
	No impact
	No impact

	
	
	An equation should be modified to select the different part of coded bits as in section 2.1.
	
	
	

	UCI mapping
	No impact
	No impact
	Necessary
	Necessary
	Necessary†1
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” for the TB, which consists of 2 layers.
	The same modification as Option B-1 is applied.
	The same modification as Option B-1 is applied In addition, the mapping rule should be modified to satisfy Alamouti property.

	Scrambling
	No impact
	No impact
	Reuse
	Necessary
	Necessary†2

	
	
	
	A mechanism to reuse 1~2 bit case is enough.
	A similar mechanism as of Rel-8 placeholder would be necessary
	The scrambling sequences c(i) corresponds to UCI information should be replaced to “0”.

	Modulation
	No impact
	No impact
	Reuse
	Necessary†3
	Necessary†3

	
	
	
	A mechanism to reuse 1~2 bit case is enough.
	If the modulation scheme is selected by the lower MCS for two TBs, a new placeholder bit “z” should be specified. 
	Same as Option B-2.


†1: Impact for UCI Mapping Rules

In general, it is necessary to assign two Alamouti-paired symbols in the near position in time and frequency domain. However in the current specs, the odd-numbered UCI symbols are mapped to satisfy slot level interleaving. Therefore, It should be discussed whether the mapping order should be changed or not. In addition according to [11], the different mapping order is required for small Q’. Therefore, different mapping rule depending on Q’ might be necessary.

†2: Impact for the Scrambling Blocks

According to the Rel-8/9 specification of TS 36.211, the scrambling block pay no attention for the difference between PUSCH (UL-SCH) and UCI, then the same scrambling mechanism is applied both for PUSCH and UCI. Therefore, the scrambling bits of c(i) corresponding to UCI information shall be replaced to “0” when the scrambling is turned off due to Alamouti mapping scheme.

†3: Impact for the Modulation blocks

In the current specs of TS36.211 and TS36.212, the modulation block is agnostic to the difference between PUSCH (UL-SCH) and UCI. Therefore, the mechanism to use different modulation schemes from PUSCH part should be specified, similar to Rel-8/9 placeholder. The simplest way to realize this feature would be the following:

· Lower MCS is used as a common modulation scheme, and

· Pad newly introduced placeholder “z” in addition to “x and y” to the UCI symbols for the TB with higher MCS

· If the modulation scheme for UCI is QPSK, placeholder “x” can be reused and no spec change is necessary.

· In the case of 64QAM for PUSCH but 16QAM for UCI, another placeholder “z” is necessary. On example behaviour of “z” is shown in Figure 3.
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Figure 3 Example of newly introduced placeholder “z” for Option B-2 and C

Based on above discussions, our observation for the complexity can be summarised as following:

SUMMARY - Comparison of Complexity for the Options:

· Option A-1 can achieve the lowest specification complexity (i.e. no additional spec change from Rel-8/9 is necessary.

· Additional specifications required to support Option A-2 and B-1 – but complexity is acceptable.

· Option B-2 specification complexity could also be acceptable if the long discussion on the definition of placeholder can be avoided.

· Option C has the highest specification complexity - selection of Option C is possible only if significant performance benefits can be identified which justify the specification complexity.

4. 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 and details of the implementation for each option can be found in [11]. Note the results for only Option B-1 and C are shown in the case of 2bit, because the behavior of Option A-1, A-2, B-1 and B-2 is the same.

	[image: image11.emf]1.E-6

1.E-5

1.E-4

1.E-3

1.E-2

1.E-1

1.E+0

5 10 15 20 25 30

Bit Error Rate of 2

-

bit HARQ

-

ACK

Average Received SINR

Option B-1

Option C


	[image: image12.emf]1.E-6

1.E-5

1.E-4

1.E-3

1.E-2

1.E-1

1.E+0

5 10 15 20 25 30

Bit Error Rate of 4

-

bit HARQ

-

ACK

Average Received SINR

Option A-1

Option A-2

Option B-1

Option B-2

Option C



	(1) 2 bit HARQ-ACK, 
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	(3) 6 bit HARQ ACK, 
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Figure 1 Throughput performance of rank 2 UL-SCH with 2, 4, 6 and 10 bit HARQ-ACK
Figure 1 shows the simulation results for 2, 4, 6 and 10 bit HARQ-ACK cases. Note that 
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 value is selected to satisfy the target error rate of 10-3 within the interested SINR range. From these results, it was confirmed that Option C has a benefit when the assigned UCI symbol number Q’ is relatively small, especially for 2 bit HARQ-ACK case, and for other cases, the performance are almost identical as long as puncturing issue has not occurred (i.e., a harmful degradation for Option B-1 is caused by the puncturing issue).
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	(1) 2 bit RI, 
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	(3) 6 bit RI, 
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Figure 2 Throughput performance of rank 2 UL-SCH with 2, 4 ,6 and 10 bit RI

Figure 2 shows the simulation results for 2, 4, 6 and 10 bit RI cases. Note that 
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 value is selected to satisfy the target error rate of 10-2 within the interested SINR range. From these results, it was confirmed that the degradation due to puncturing affects other options because the smaller 
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 value than that of HARQ-ACK is applied. Especially for the 6 bit RI case, the performance difference can be explained as following:

· No puncturing issue has happened for Option A-2.

· Option A-1 underperforms Option A-2 due to the smaller Hamming distance by the puncturing of RM coded bits.

· The possibility of zero Hamming distance is maximised for Option B-1, resulting in the worst performance.

· Option C can potentially achieve the good performance by Alamouti mapping. However, a degradation was found because the Hamming distance becomes zero around SINR=20dB due to the lower MCS selection by symbol level replication 

· More concretely, 16QAM was selected for the common modulation scheme for RI when that for TB0 is 16QAM but that for TB1 is 64QAM. In this case, total number of transport block might be high enough to choose Q’=1. In this case, the sufficient number of UCI bits to avoid puncturing issue is not assigned, resulting in the performance degradation. 

· Option B-2 underperforms Option A-1 because the available number of UCI bits for Option B-2 is potentially smaller than Option A-1 due to symbol level replication, resulting in the small Hamming distance of punctured RM coded bits.

From these results and discussions, our observations and proposals can be summarised as following:

SUMMARY - Comparison of Performance for the Options :

· Puncturing of RM coded bits is the major reason of the performance degradation, and no performance benefits can be found if excessive puncturing is not applied.

· RAN 1 should discuss how this puncturing issue is avoided.

· If replication scheme (with specification support) is employed, Option A-2 is obviously the best solution, as demonstrated by the simulation results.
· If the approach to control 
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 value is employed, any options are applicable. Thus the final decision should be made from the specification complexity perspective.

5. 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. In addition we showed the comparisons of the complexity. Furthermore, we demonstrated that the performance degradation mainly comes from too much puncturing of RM coded bits, and no remarkable performance gap was found unless the puncturing issue has happened.

In our view, the approach to control 
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 value should be used if it is necessary to change the specifications drastically to avoid the puncturing issue. However according to our assessments, only a small modification is required for Option A-2, which is robust for this issue and selecting Option A-2 can relax the required complexity of 
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 control at eNB scheduler. Therefore, we propose Option A-2 is adopted as a replication scheme of HARQ-ACK and RI on PUSCH with SU-MIMO. 

However if the majority of companies claim the necessity of time-aligned property to realize a specific implementation of the receivers they have in mind, Option B-1 should be considered because its impact on the specs is smaller than for B-2/C. Although the opponents may raise a concern that Option B-1 suffers from puncturing, puncturing creates a performance problem for all options except for Option A-2 according to our simulation results and appropriate 
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 value should be anyway investigated by the eNB. 
Proposals:

· Option A-2 (Replicate before channel coding with different coded bit selection) should be adopted as a replication scheme of HARQ-ACK and RI on PUSCH with SU-MIMO, in order to completely avoid the puncturing issue.

· If the time-aligned property is desired by the majority of companies, Option B-1 (Replicate after channel coding with corner constellation points) should be considered because of its lower specification impact.
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Agreement:


In the case of rank>1 PUSCH transmission: 


Choose one of the following schemes:


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


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( QPSK, 16QAM and 64QAM)


Final decision should be made considering the following points


Performance of {2, 4, 6 and 10} bits HARQ-ACK and RI 


Higher payload may be considered, depending on CA session TDD discussion


Commonality with Rel-8
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