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Introduction
In the approved WID of MUST during RAN#71[1], it is proposed
1.  (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]In this paper, we discuss the transmitter side details of MUST Category 2.

Signal Model of MUST Category 2
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK35][bookmark: OLE_LINK71]As seen from Figure 1, the composite constellation can be of legacy or non-legacy constellation. For MUST Category 2, the composite constellation has Gray mapping property. 

 
Figure 1 Illustration of composite constellation for MUST Category 2

Assuming single spatial layer for each user, the received signal can be written as follows:
  
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33]Where  is the UE index,  is the power ratio for UE,  is the signal targeting UE,  is the channel to UE , denotes the precoding vector for UEi. If the same precoder is used for paired users,  , the received signal is If different precoders are used, the received signal seen at UE1  is , where  is the projection from w2 to w1.

[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Transmitter side details of MUST category 2
[bookmark: OLE_LINK15][bookmark: OLE_LINK36]Firstly, A general structure of transmit side for category 2 is shown in Fig. 2. The signal is processed as following steps. Note that TB1 and TB2 may have different precoders.
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]
-	Each user’s transport block goes through channel coding, rate matching (RM) and scrambling respectively
-	The coded bits for near UE and far UE are jointly gray mapped to complex-valued modulation symbols
-	To map modulation symbols onto one or several transmission layers
-	To precode modulation symbols on each layer for transmission on the antenna ports
-	Superposition of modulation symbols for each antenna port
-	To map to resource elements
-	Generation of complex-valued OFDM signal for each antenna port
 


Figure 2 Transmitter for MUST category 2

[bookmark: OLE_LINK73][bookmark: OLE_LINK74]More specifically, we focus on the key block in Figure 2 which is “Gray mapping” block. A very general form of Gray mapping block of MUST Cat. 2 is represented by “Joint modulation Gray mapping & Power allocation” block in TR36.859 [3]. 
[image: Classification of MUST schemes_SOMA]
Figure 3:  An example of transmitter side processing of MUST Category 2* [3]


[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80]Block diagram of “Gray mapping for Form 1  
As Figure 4 showed, the output of the “Channel coding & RM & Scrambling” block are input to G(.) table, which ensures the gray labelled composite constellation. Then the output of the table would go through legacy QPSK/QAM modulation followed by the power allocation to obtain a pair of amplitude weighted modulation symbols s1and s2. 


Figure 4:  Block diagram of “Gray mapping” for Form 1.

Block diagram of “Gray mapping” for Form 2
There are other ways to implement “Gray mapping” block.  As Figure 5 showed, the output of the “Channel coding & RM & Scrambling” block are first modulated and then input to G(.) table, which may be different from the G(.) table in figure 4.

[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK62]Figure 5:  Block diagram of “Gray mapping” for Form 2

[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Besides, s1,s2  can be obtained directly from the original bits by another G(.) table, the block diagram may seem much simpler , but the size of the table may be big. It will be better if limiting the far user to be QPSK.
Transmitter side details of MUST category 2 for Form 1
For Form 1, G(.)can be written as follows.



[bookmark: OLE_LINK52][bookmark: OLE_LINK53]where a denotes the coded bits of near UE, b denotes the coded bits of far UE. Here  is the power ratio for the near UE. And G(.) can be expressed by the Gray mapping conversion table below. The table mapping, described in Table 1, depends on the power scale type() that can have three cases: 
· 
= 1: corresponding to , and the constellation clusters are not overlapped with each other. Including legacy composite constellation and non-legacy composite constellation. A constellation cluster typically corresponds to a quadrant of the composite constellation which is essentially the superposition of lower power component constellation with a higher power constellation point.
· 
 = 2: corresponding to , the constellation clusters are not overlapped with each other.
· 
 = 3: the constellation clusters are overlapped with each other.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK47][bookmark: OLE_LINK50][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58]It seems that “Power scale type = 1” is more widely used than the other two cases, thus it should be discussed in priority.  Table 1 is the Gray mapping conversion table, where ⊙stands for the inverse of XOR, and ⊕stands for XOR. In fact, the equation of c1 c2 can be expressed in other equivalent forms. Table 1 is just an example. The first operator on the right side of the equation can be “⊕”or “⊙”, operators in parentheses must keep same which can be “⊕”or  “⊙”. Note that for each modulation pair,  can have multiple power ratios or single power ratio.

[bookmark: OLE_LINK54]Table 1 Gray mapping conversion table
	

	
	Modulation pair
Near + far
	[bookmark: OLE_LINK51]c1 c2 c3… cn
	d1 d2 d3… dm

	1
	TBD
	QPSK     + QPSK
	[bookmark: OLE_LINK59]c1=a1⊙(b1⊙b3…⊙bm-1)
c2= a2⊙(b2⊙b4…⊙bm)
ci = ai (i=3,4…n）
	di = bi ( i =1, ...,m)


	
	TBD
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]16QAM + QPSK
	
	

	
	TBD
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]64QAM + QPSK
	
	

	
	TBD
	QPSK + 16QAM
	
	

	
	TBD
	[bookmark: OLE_LINK41][bookmark: OLE_LINK46]16QAM + 16QAM
	
	

	
	TBD
	QPSK  + 64QAM
	
	



[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Table 2 Gray mapping conversion table if limiting far user to be QPSK
	

	
	Modulation pair
Near + far
	c1 c2 c3… cn
	d1 d2 d3… dm

	1
	TBD
	QPSK     + QPSK
	c1=a1⊙(b1⊙b3…⊙bm-1)
c2= a2⊙(b2⊙b4…⊙bm)
ci = ai (i=3,4…n）
	di = bi ( i =1, ...,m)


	
	TBD
	16QAM + QPSK
	
	

	
	TBD
	64QAM + QPSK
	
	


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK4]Conclusion
In this paper, the transmitter side details of MUST Category 2 is discussed, A general structure of transmit side for category 2 is given, More specifically, the “Gray mapping” block and the “G(.) Table” are discussed further.
References
[1] [bookmark: _Ref430615169]3GPP RP-160680, New work item proposal: Downlink Multiuser Superposition Transmission for LTE, MediaTek Inc., CMCC, March 2016.
[2] 3GPP R1-156629, Description of MUST Category 2, ZTE, November 2015.
[3] 3GPP TR 36.859, “Study on Downlink Multiuser Superposition Transmission (MUST) for LTE”.
- 4/4 -
image3.png
\I/C{

TB, Coding, RM
ﬁ .
& Scrambling
Coding, RM
7B.| & Scrambling

)

Joint modulation Gray
mapping & Power
allocation





image4.wmf
1

s


image5.wmf
2

s


image6.wmf
a


image7.wmf
1

a

-


image8.wmf
11Powerscale11

{(...,),(...,)}(Type,...,,...,)

nmnm

ccddGaabb

=


oleObject1.bin

image9.wmf
Powerscale

Type


oleObject2.bin

oleObject3.bin

image10.wmf
Powerscale

Type


oleObject4.bin

image11.wmf
Powerscale

Type


oleObject5.bin

image12.wmf
Powerscale

Type


oleObject6.bin

oleObject7.bin

image1.png




image2.wmf
a


