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Clarification of Constellation rearrangement (section 16.3.11.4.2)
Seunghyun Kang, Sunam Kim, Jin Sam Kwak
LG Electronics
1. Introduction

This contribution discusses some ambiguities on the current CoRe(Constellation Rearrangement) (Section 16.3.11.4.2) in P802.16m/D4 [1] and proposes the modified text of CoRe for further clarification. 

2. CRV(CoRe Version) indication method in P802.16m/D4
In the current CoRe section [1], two kinds of CoRe mapping rules have been defined according to the number of MIMO streams. For kth FEC block, NCTC,k coded bits (or subpacket bits) are mapped onto NQAM QAM symbols while applying CoRe mapping rules. Especially, in the case that the number of MIMO stream is larger than 1, the CoRe mapping rule is defined as bit interleaving within the coded bits which are mapped onto a pair of two adjacent QAM symbols. 
Also, in the CoRe section, there have been the descriptions how to use CoRe considering the bit selection and repetition method (Section 16.3.11.1.6 in [1]) as follows.
CoRe Description 1:
“In DL HARQ operation, CRV (Constellation Rearrangement Version) is signaled for each subpacket to an AMS as a starting value for CRV. In UL HARQ operation, the information on CRVs is implicitly known at AMS and ABS and the starting value for CRV of the subpacket i shall be 
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. The CRV shall be changed to the other version of CoRe whenever the transmitted bits wraparound at the end of circular buffer per SPID.”
CoRe Description 2:
 “In DL and UL HARQ operation, the CRV is determined assuming Nshift,i is 0 for all subpacket i.”
However, in the current description of CoRe, there have been some ambiguities between the CoRe mapping rule and the CRV indication when the number of MIMO stream is larger than 1. The following examples show that there exist a QAM symbol pair having different values of CRV depending on a subpacket size, a starting position of the IR HARQ (16.3.11.4.1 in [1]) and a shift value Nshift,i of the bit selection and repetition.
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(a)  Example #1: DL-HARQ, SPID = 3 and odd number of QAM symbols before/after wraparound
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(b)  Example #2: DL/UL-HARQ, SPID mod 2 = 1 and even number of QAM symbols before/after wraparound
Figure 1— CRV Examples considering the bit selection when MIMO stream>1 
In Figure 1, there are three parts of subpacket bits considering the order of mapping subpacket bits onto QAM symbols after data modulation.

1st part of subpacket: Nshift,i bits which are mapped onto the first SPID QAM symbols after data modulation.


2nd part of subpacket: The subpacket bits before wraparound in the circular buffer.

3rd part of subpacket: The subpacket bits after wraparound in the circular buffer excluding the 1st part.
Also, in the figure, the bit selection procedure is described by the unit of a QAM symbol (NOT a bit) and ‘E’ represents a QAM symbol having an even index (j mod 2) = 0 and ‘O’ represents a QAM symbol having an odd index (j mod 2) = 1, where j = 0, 1, …, NQAM,k-1. 
According to the current description ‘CoRe Description 2’, the first QAM symbol in the 2nd part of subpacket has to be the starting value of CRV (as described in [2]). In the examples, the starting value of CoRe version CRVstarting,k has been set to 1.
In the example #1, the last QAM symbol of the 1st part has an even index with CRV=0 and the first QAM symbol in 2nd part has an odd index with CRV=1. In the example #2, the last QAM symbol of the 1st part has an even index with CRV=0 and the first QAM symbol in 2nd part has an odd index with CRV=1. Also, the last QAM symbol of the 2nd part has an even index with CRV=1 and the first QAM symbol in 3rd part has an odd index with CRV=0. Since the CRV is determined assuming that Nshift,i is 0 for all subpakcet i (,where i=SPID) and the two adjacent QAM symbols are located in the different parts of the subpacket demarcated by the wraparound point, they cannot be paired.
These examples cannot be fully covered by the current CRV indication method. 
3. Proposed CRV indication method
In this section, we propose new CRV indication method as follows.
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where:
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As a function of QAM symbol index j, the CRV of j-th QAM symbol CRVj,k is defined. Also, it is assumed that a starting value of CRV CRVstarting,k is already defined by the current CoRe description in D4. In order to avoid the ambiguities between the CoRe mapping rule and the current CRV indication, the proposed method makes a pair of two adjacent QAM symbols to have the same value of CRV always. Figure 2 shows the examples of the proposed method under the same conditions in Figure 1.
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 (a)  Example #1: DL-HARQ, SPID = 3 and odd number of QAM symbols before/after wraparound
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(b)  Example #2: DL/UL-HARQ, SPID mod 2 = 1 and even number of QAM symbols before/after wraparound
Figure 2— Examples of new CRV indication method when MIMO stream>1 
The proposed CRV indication method works well with the CoRe mapping rules regardless of the number of MIMO stream consistently. Furthermore, the proposed method determines the same values of CRV for each QAM symbols compared to the current CRV indication method under the most cases other than the cases we have discussed.

4. References
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[2] IEEE C802.16m-09/2421, “Proposed Changes to Constellation rearrangement (15.3.11.4.2)” Nov. 2009.
5. Text proposal for inclusion in P802.16m/D4
[Modify the text line 50 in page 691 ~ the text line 45 in page 692 as follows] 
-------------------------------------------------------- Text Start --------------------------------------------------------
Table 940 and Table 941 describes the operations that produce two different CoRe versions for 16QAM and 64QAM according to the number of MIMO streams from the AMS RX/TX perspective, respectively, so that the four bits in a 16QAM symbol (the six bits in a 64 QAM) are of the same resilience. In other words, the two bits of higher quality at CoRe-version 0 are of lower quality at CoRe-version 1 while the two bits of lower quality at CoRe-version 0 are of higher quality at CoRe-version 1.
Table 940—Constellation rearrangement version (MIMO stream =1)
	Constellation
	Ncbps

Nmod
	CRV
	Mapping rule

	16 QAM
	4
	0
	b0
	b1
	b2
	b3
	-
	-

	16 QAM
	4
	1
	b3
	b2
	b1
	b0
	-
	-

	64 QAM
	6
	0
	b0
	b1
	b2
	b3
	b4
	b5

	64 QAM
	6
	1
	b5
	b4
	b3
	b2
	b1
	b0


Table 941—Constellation rearrangement version (MIMO stream >1)
	Constellation
	Ncbps

Nmod
	CRV
	Mapping rule

	
	
	
	Even symbol
	Odd symbol

	16 QAM
	4
	0
	b0
	b1
	b2
	b3
	-
	-
	b4
	b5
	b6
	b7
	-
	-

	16 QAM
	4
	1
	b1
	b4
	b3
	b6
	-
	-
	b5
	b0
	b7
	b2
	-
	-

	64 QAM
	6
	0
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	b8
	b9
	b10
	b11

	64 QAM
	6
	1
	b2
	b7
	b0
	b5
	b10
	b3
	b8
	b1
	b6
	b11
	b4
	b9


For kth FEC block, NCTC,k coded bits are mapped onto NQAM QAM symbols applying CoRe mapping rule in Table 940 and 941. In Table 941, a pair of two QAM symbols uses the same value of CRV(Constellation Rearrangement Version) when the number of MIMO stream is larger than 1. For a QAM symbol index j, an ‘Even symbol’ has its index j mod 2 =0 and an ‘Odd symbol’ has its index j mod 2 =1 where j = 0, 1, 2, …, NQAM,k -1.
In DL HARQ operation, CRV(Constellation Rearrangement Version) is signaled for each subpacket to an AMS as a starting value for CRV. For data initially transmitted using persistent allocated resources, the value of the CRV indicated by DL Persistent Allocation A-MAP IE shall be zero. In UL HARQ operation, the information on CRVs is implicitly known at AMS and ABS and the starting value for CRV of the sub​packet i shall be 
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In DL and UL HARQ operation, the value of CRV is determined assuming Nshift,i is 0 for all subpacket i while the coded bits are mapped on to the QAM symbols in their transmit order considering Nshift,i.
The CRV shall be changed to the other version of CoRe in DL and UL HARQ operation whenever the transmitted bits wraparound at the end of circular buffer per SPID.
In DL and UL HARQ operation, the CRV is determined assuming Nshift,i is 0 for all subpacket i.

Let CRVj,k be the value of CRV for jth QAM symbol for the kth FEC block. Based on Nshift,i =0, the value CRVj,k is calculated by Equation (xxx).
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                  (xxx)
where:


CRVstarting,k : The starting value for the CRV
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-------------------------------------------------------- Text End --------------------------------------------------------[image: image13.png]
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