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1. Introduction
At RAN1#62, discussion continued on mapping, channel coding, and modulation of  HARQ-ACK and RI information on the PUSCH in the case of multi-layer transmission.  A previous agreement specified that HARQ-ACK and RI should be replicated across layers.  This has been interpreted either as the UCI is replicated after channel coding and distributed between layers, or, alternatively as UCI information bits are replicated across TBs and then channel coded (either independently or jointly between TBS) and modulated.  Options for modulation also fall into two categories: a) Corner modulation points as is done in Release 8 for 1 or 2 ACK/NACK or RI; or b) Use all constellation points of the modulation used by the coded UL-SCH data on that layer, as is done in Release 8 when CQI is coded with  a punctured RM(O,32) code.
Decisions on the choice of replication and modulation schemes are to be made at this meeting based on performance in both non-CA and CA scenarios as well as commonality with Release 8:

· 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 Alamouti 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

In this contribution we evaluate a set of proposals discussed on the email thread.  In the process of evaluating these proposals, the RM(O,32), which was agreed to be used for HARQ-ACK and RI channel coding on PUSCH, was found to generate non-self decodable codewords at some puncturing rates. The conditions where this occurs are described.  The generation of non-self decodable codewords prevented two of the proposed schemes from being evaluated for the case of  4 bit HARQ-ACK and RI case. This was found to be correctable though with a minor modification of the RM(O,32) puncturing.  The proposed schemes after puncturing modification, are compared for performance.  
2. Summary of Proposals 
Four proposals taken from options A,B, and C above and the email exchange were evaluated.  These are described in more detail below according to the thread’s simulation assumptions document. 
2.1. Option A-1

Layer Specific Scrambler is performed after channel interleaving as in Rel-8/9, and is almost the same as the Rel-8/9 mechanism in section 5.3.1 of TS36.211. The only difference is the definition of initialization value of 
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where q is the TB index and 
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. Note that this formula is the same as that of Rel-8/9 DL. And output sequence of channel coding block (
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where bi is the output from the 32 bit RM encoder defined in TS36.322, B=32, i = 0, 1, 2, …, Q(n)ACK-1, and n is TB index (0 or 1). In the case of Ln=2, the overall bits (
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) including data, HARQ-ACK, RI and CQI are divided into two layers by the serial-to-parallel transformation.  The bits 
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 of the two transport blocks, which could be different.
2.2. Option A-2

The behavior of Option A-2 is almost the same as Option A-1. However, the difference is the output of channel coding block.  Specifically, the output sequence of channel coding block 
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2.3. Option B-1: Use corner constellation modulation for HARQ-ACK/RI
In option B-1, the time aligned property can be maintained by the use of corner constellation of UCI symbols. Therefore, 
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for TB1 are used, and the placeholder bit of x would be inserted to satisfy the UCI symbol alignment. For the first step, the coded bit sequence common for all layers (i.e. 
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Then the vector sequence 
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Set i ,k to 0
while 
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else if 
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else if 
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if (k+1) mod Ln=0, 
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 /* keep layer level time alignment in the case of Ln=2 */
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end while
2.4. Option C:  Alamouti Encoding with Corner Modulation Points
Figure 1 illustrates processing for Option C for 2 Tx.  Encoded bits are replicated to each layer and then scrambled by a sequence which “undoes” the codeword scrambling which takes place in 36.211 5.3.1 and also provides a common scrambling to bits of both layers.  This scrambling applied is a function of cinit and can be generated as time shifts of the scrambling applied in Sec. 5.3.1.  Other than even/odd swapping and selective sign inversion, this is the only additional processing required for Option C relative to Option B-1.  Corner mapped modulation points is assumed.
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Figure 1: Block diagram of Processing for Option C (Alamouti Encoding).  The scrambling function in the box undo the scrambling operation defined in 36.211.

3. Puncturing Limits of the RM(O,32) Code

An initial set of link level simulations were run to compare the performance of the four options with rank 2 2 X 2 transmission.  PUSCH link adaptation was performed based on a 10% first transmission block error rate resulting in a modulation order and TBS size for each TB.  For each subframe, the number of symbols allocated to HARQ-ACK and RI, 
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Using
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 and the modulation orders of each TB , 
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  information bits were encoded, mapped, and modulated with the four the four methods described above.  Maximum likelihood detection was performed by calculating the distance between the
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 actual post-equalizer outputs (one for each layer) and the corresponding outputs based on the set of 
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hypothesized information sequences.  Additional simulation conditions are given in the Appendix of [5].  The HARQ-ACK error rate is plotted vs. data 
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 in Figure 1.  Options B-1 and C are seen to approach a bit error rate of about 35% at high SNR.  These high error rates were found to occur when the number of REs allocated to UCI was 
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 which was the minimum number used in the simulations (Option C requires 
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 to be even).  For options B-1 and C, this correspond to 
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 coded bits (due to the use of corner modulation points) and a code rate of 1.  Examining the first four rows of the RM(O,32) generator matrix explains the high error rates seen in Figure 1.  For 
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, the code generator matrix is the yellow highlighted region in Table 1.  The first column is seen to be the sum of the second and fourth columns and therefore the matrix is rank deficient and multiple information bit vectors map to the same code vector.  The code is therefore not self-decodable in the sense that additional information is needed to uniquely determine the information bits for at least some codewords.
This problem can also occur for a number of UCI bits other than 4.  Table 2 lists the rank of the RM(O,Q) code generator matrix.  Cells highlighted in yellow indicate combinations which are not self-decodable.  From this table we can see that option A-1 with O=6 information bits could also result in large error rates.  If 16QAM modulation is used on both transport blocks (as is the maximum modulation on all but one UE category for Release 8), then 
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 symbols corresponds to 
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 which is not self-decodable, i.e. from the table
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 information bits requires at least 
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 .  An implementation-based solution of making  
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 sufficiently large to prevent small values of 
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 is inefficient in that it increases the number of resources required even at low SNR where 
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 is large self-decodability is not a problem.  In addition, the UCI resource usage would then effectively be set by the degenerative behavior of the RM(O,32) code.
With the current RM(O,32) channel coding, performance differences between  the multiplexing/modulation options are masked by the errors introduced by non self-decodable codewords.  This makes performance comparisons difficult.
Conclusion: The problem of non self-decodable codewords must first be addressed before conclusions on the relative performance of multiplexing/options can be drawn.
One simple way to address the problem of non self-decodable codewords at least for 
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 is to not use the RM(O,32) code for rate = 1 but instead just use uncoded transmission.  This modification was used in conjunction with options B-1 and C in order to come to some conclusion on the relative performance of the options at least under some conditions.  The dashed lines in Figure 1 illustrate the performance with this modification, at least for the case of 
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.  The large error rates due to the  self-decodability problem of options B-1 and C are seen to be eliminated.
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Figure 2:  Using Q' = 2 symbols results in the RM(O,32) code being punctured to rate 1 which makes the code non-self decodable as SNR increases.
Table 1: Basis sequences for (32, O) code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
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	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 2: Rank of RM(O,32) code punctured to the first Q bits.  The yellow region indicate (O,Q) pairs where the code generator matrix is rank deficient and therefore multiple information blocks map to the same codeword.   
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6 1 2 3 3 4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 1 2 3 4 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

8 1 2 3 4 5 6 6 6 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

9 1 2 3 4 5 6 7 7 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

10 1 2 3 4 5 6 7 8 9 910101010101010101010101010101010101010101010

11 1 2 3 4 5 6 7 8 9 910101010101011111111111111111111111111111111
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4. Performance Comparisons
Options A-1, A-2, and the modified versions of B-1 and C were compared with 
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 information bits in TU6 and PA channels.  The 
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 results are given in Figure 1 and Figure 2.  In the TU6 channel, Option C reduces the UCI bit error rate by a factor of about 2 while the reduction is an order of magnitude over schemes A-1 and A-2.  The large gains between Options B-1 and C vs. A-1 and A-2 is due to the power gain available to B-1 and C from using the corner modulation points.  Even larger gains are observed in the PA channel where the only source of diversity is spatial.  The tit error rate is found to be reduced by a factor of between 4 and 10 at the 10-4  level.  
Similar results are obtained for 
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. Here, Option A-2 was not simulated as its performance is expected to be similar to that of A-1 since unlike with 
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, no additional coding gain is obtained with a single parity bit.  
Due to the performance limitations of the punctured RM(O,32) code, additional simulations at other values of 
[image: image71.wmf]O

 were not performed.  Overall, the gains observed by Option C seem to justify the minimal additional complexity required on the UE side of additional scrambling and sign changes.  At the eNodeB, the additional complexity is also low since rank two equalization is already required for PUSCH demodulation.
Conclusion:  Option C with corner modulation points should be adopted as the mapping and modulation scheme for HARQ-ACK and RI unless modifications to the punctured RM(O,32) code are shown to disproportionally affect this option.
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Figure 3: 
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Figure 4: 
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Figure 5: 
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Figure 6: 
[image: image79.wmf]2

O

=

, PA
5. Conclusions
This contribution compared four options for mapping and modulation of HARQ-ACK and RI on the PUSCH.  Direct performance comparisons were not possible due to errors introduced by puncturing of the RM(O,32) code.  This problem should be addressed to insure that for all values of 
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, all codewords generated are self-decodable.
· The problem of non self-decodable codewords must first be addressed before conclusions on the relative performance of multiplexing/options can be drawn.
Option C was found to have the best performance of the options with two and four information bits once the punctured RM code was replaced with no coding for the rate = 1 case.  We therefore recommend that  
· Option C with corner modulation points should be adopted as the mapping and modulation scheme for HARQ-ACK and RI unless modifications to the punctured RM(O,32) code are shown to disproportionally affect this option.
6. References
[1] R1-104521,
Simulation Results for HARQ-ACK/RI Replication Schemes, RAN1#62, Sharp, Madrid, Spain, August 23 – July 27, 2010.

[2] R1-102962, “Performance evaluation of  UCI multiplexing schemes on PUSCH in case of SU-MIMO”, Nokia Siemens Networks, Nokia, RAN1#61, Montreal, Canada, 10-14 May 2010.

[3] R1-104449,
Remaining details on UCI multiplexing on PUSCH with SU-MIMO, Nokia Siemens Networks, Nokia, Madrid, Spain, August 23 – July 27, 2010.
[4] R1-104615,
Replication of HARQ-ACK and RI in PUSCH for UL SU-MIMO, Samsung, Madrid, Spain, August 23 – July 27, 2010.
[5] R1-104697,
UCI Mapping Schemes When Mutiplexed with UL-MIMO PUSCH, Motorola, Madrid, Spain, August 23 – July 27, 2010.
[6] R1-103916, “UCI Multiplexing on PUSCH in UL-MIMO Transmissions”, Motorola, RAN1#61b, Dresden, 28 June – 2 July, 2010.

[7] R1-104771,
UCI Multiplexing on  PUSCH with Multi-Layer Transmission, LG Electronics, Madrid, Spain, August 23 – July 27, 2010.




































_1345534523.unknown

_1347881269.unknown

_1347887629.unknown

_1347902899.unknown

_1347903040.unknown

_1347903408.unknown

_1347906178.vsd

_1347903154.unknown

_1347902917.unknown

_1347898885.unknown

_1347899674.unknown

_1347900270.unknown

_1347902851.unknown

_1347901185.unknown

_1347899753.unknown

_1347898933.unknown

_1347890920.unknown

_1347898833.unknown

_1347898850.unknown

_1347898879.unknown

_1347898841.unknown

_1347898814.unknown

_1347889028.unknown

_1347886728.unknown

_1347887082.unknown

_1347887436.unknown

_1347887065.unknown

_1347885644.unknown

_1347886688.unknown

_1347886281.xls
Sheet1

																Number of Information Bits

								1		2		3				4		5		6		7		8		9		10		11

				Number of Coded Bits Q		1		1		1		1				1		1		1		1		1		1		1		1

						2		1		1		2				2		2		2		2		2		2		2		2

						3		1		2		3				3		3		3		3		3		3		3		3

						4		1		2		3				3		3		3		4		4		4		4		4

						5		1		2		3				4		4		4		5		5		5		5		5

						6		1		2		3				4		5		5		6		6		6		6		6

						7		1		2		3				4		5		5		6		6		7		7		7

						8		1		2		3				4		5		5		6		6		7		8		8

						9		1		2		3				4		5		5		6		7		8		9		9

						10		1		2		3				4		5		5		6		7		8		9		9

						11		1		2		3				4		5		6		7		8		9		10		10

						12		1		2		3				4		5		6		7		8		9		10		10

						13		1		2		3				4		5		6		7		8		9		10		10

						14		1		2		3				4		5		6		7		8		9		10		10

						15		1		2		3				4		5		6		7		8		9		10		10

						16		1		2		3				4		5		6		7		8		9		10		10

						17		1		2		3				4		5		6		7		8		9		10		11

						18		1		2		3				4		5		6		7		8		9		10		11

						19		1		2		3				4		5		6		7		8		9		10		11

						20		1		2		3				4		5		6		7		8		9		10		11

						21		1		2		3				4		5		6		7		8		9		10		11

						22		1		2		3				4		5		6		7		8		9		10		11

						23		1		2		3				4		5		6		7		8		9		10		11

						24		1		2		3				4		5		6		7		8		9		10		11

						25		1		2		3				4		5		6		7		8		9		10		11

						26		1		2		3				4		5		6		7		8		9		10		11

						27		1		2		3				4		5		6		7		8		9		10		11

						28		1		2		3				4		5		6		7		8		9		10		11

						29		1		2		3				4		5		6		7		8		9		10		11

						30		1		2		3				4		5		6		7		8		9		10		11

						31		1		2		3				4		5		6		7		8		9		10		11

						32		1		2		3				4		5		6		7		8		9		10		11





Sheet2

						Number of Coded Bits Q

						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32

		Number of Information Bits O		4		1		2		3		3		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4

				5		1		2		3		3		4		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5		5

				6		1		2		3		3		4		5		5		5		5		5		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6

				7		1		2		3		4		5		6		6		6		6		6		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7		7

				8		1		2		3		4		5		6		6		6		7		7		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8

				9		1		2		3		4		5		6		7		7		8		8		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9		9

				10		1		2		3		4		5		6		7		8		9		9		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10

				11		1		2		3		4		5		6		7		8		9		9		10		10		10		10		10		10		11		11		11		11		11		11		11		11		11		11		11		11		11		11		11		11





Sheet3

		






_1347881331.unknown

_1347884033.unknown

_1347880599.unknown

_1347880830.unknown

_1347880969.unknown

_1347880767.unknown

_1347880042.unknown

_1347880312.unknown

_1347880012.unknown

_1344941150.unknown

_1345282988.unknown

_1345289486.unknown

_1345289503.unknown

_1345283011.unknown

_1345285840.unknown

_1345283003.unknown

_1345282830.unknown

_1345282836.unknown

_1345282381.unknown

_1345282415.unknown

_1344947251.unknown

_1344936345.unknown

_1344936688.unknown

_1344938863.unknown

_1344939090.unknown

_1344938218.unknown

_1344938857.unknown

_1344936351.unknown

_1264770318.unknown

_1344931652.unknown

_1231776991.unknown

