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1 Introduction

In RAN WG1 meeting, the following agreements were made [1]:
Agreement:
· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation

· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation

· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation

· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation

Agreement:

· For MUST case 1 and case 2, specify the text to achieve Gray-mapped composite constellation for superposed users and it’s up to editor to choose from the following references for specification

· R1-1610723
· R1-1610805
Agreement:
· In case of MUST Case 1 operation, when MUST near UE is rank2 and MUST far UE is rank1 transmission, the two layers of MUST near UE have the same transmission power
In this contribution, we provide some considerations on the specification of Gray mapped composite constellation and a text proposal is also given. 
2 Discussion
In accordance with the agreements listed in Section 1, the specification change on TS 36.211 should achieve legacy Gray mapping for the superposition of the MUST-near and MUST-far UE for different modulation combinations. And power of the transmitted signal to the MUST-near UE should be properly allocated between the spatial layers of the MUST UEs as well as between the different spatial layers of the MUST-near UE for different pairing cases, includes that MUST-near UE has two spatial layers while the MUST-far UE only has one spatial layer.
In [2], the introduction of MUST in TS 36.211 is presented. But there are some issues to be addressed:
· The equation 
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 is not correct since it results in a non-legacy composite constellation with a legacy power ratio. This is not aligned with the agreement achieved in RAN1#84bis meeting where the superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation [1]. An example for the gray mapping according to [2] is shown in the following Table 1 where both the MUST near and MUST far UE have 1 spatial layer and the QPSK is used for the UEs and with power ratio of 8/10. It is seen that the constellation obtained in [2] is not the same as the legacy constellation. 
Table 1. Comparison of gray mapping in [2] and legacy constellation
	MUST-far UE bits
	MUST-near UE bits
	Composite constellation according to [2]
	Legacy 16AM constellation point
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· When the MUST-near UE is with rank 2 and the MUST-far UE is with rank 1, the symbol on the non-MUST layer should be legacy modulation (QPSK/16QAM/64QAM). While the mentioned equation together 
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 with cannot generate a legacy modulation on the non-MUST layer. Moreover, the power allocation for the two spatial layers is also not aligned with the agreement. An example is used to clarify this point where QPSK is used for all layers for the MUST near and far UE and the power ratio for the MUST layer is 8/10.  The resultant constellations in [2] are shown in Table 2 and Table 3, where the constellations according to the agreement are also presented for comparison. Note that, the total power of the transmit signal should be normalized to N, where N is the number of spatial layers. While in [2], the transmit power on the MUST layer is 1 and that on the non-MUST layer is 0.2, thus the total power of the two spatial layer is 1.2 which is not normalized to 2. But according to the agreement, the transmit power on the MUST layer should be 5/3 and that on the non-MUST layer should be 1/3. Thus, it is obvious that the content in [2] is not aligned with the agreement. 
Table 2. Composite constellations on the MUST layer
	MUST-far UE bits
	MUST-near UE bits on MUST layer
	Transmitted for MUST layer according to [2]
	Transmitted for MUST layer of agreement
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Table 3. Constellations on the non-MUST layer
	MUST-near UE bit on non-MUST layer
	Transmitted for non-MUST layer according to [2]
	Transmitted for non-MUST layer of agreement
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· Secondly, the description “
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 is selected by the eNB” is not clear. It is true that the signal of a MUST-far UE can be treated as just a modulation symbol superposed on the signal of a MUST-near UE, but it is still needed to claim that [image: image16.wmf]{
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 is the bit from the interfering UE selected by the eNB for better understanding.

· Thirdly, for the case that a MUST-near UE with rank-2 transmission and paired on only one layer, the power on the non-MUST layer should be equal to the power of the MUST-near UE on the MUST layer and the total power of both layers should be normalized. While in accordance with the statements in [2], it is not clear how to achieve such power adjustment. Besides, it is also unclear on how to derive the parameter “AltModulation” and how parameter c is obtained for the non-MUST layer of the near UE when “ModPowerRatioQPSK/16QAM/64QAM” is signaled to MUST layer but not to the non-MUST layer.
We can see that the misalignment between [2] and agreements is partly caused by some unclear aspects of the agreements. Actually, the purpose of the agreements is to achieve Gray mapping for the composite constellation of co-scheduled MUST users, and text is up to the editor to select from [3] and [4]. However, there is no Gray mapping method but only Gray mapping result in [3] where only the composite constellation for the MUST-far and MUST-near UE is defined. But in [4], no MUST-far UE is specified while the problem is that it has the method for the Gray mapping but no definition of the composite constellation. These two aspects of [3] and [4] together make the Gray mapping complete. However the agreement is just for the editor to choose from [3] and [4] and this creates the above problems. 
The main target is to make the specification of Gray mapped composite constellation clearer as well as to include the power allocation for various cases where the rank for the MUST-near/far UEs are 1/1, 2/2, 2/1 or 1/2. The target is also to make the change to the specification as minimal as possible. The text proposal for TS36.211 is provided in the following section where both [3] and [4] are taken into consideration. The Gray mapping is accomplished and the power allocation for layers is also performed, and the proposed text makes the spec change short according to the current CR draft. And more importantly, the short proposed text also clearly includes the power allocation part, while this point is still not clear in current draft [2].
Observation 1: the composite constellation of [2] is not a legacy constellation when the power ratio for legacy composite constellation is used.
Observation 2: the constellation of [2] is not a legacy constellation for the non-MUST layer for the MUST-near UE when the MUST near UE has two spatial layers and only one is paired with a MUST-far UE.
Observation 3: the choice for 
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 is not clear in [2]
Observation 4: the power allocation of [2] is not normalized, and derivation for the power of the non-MUST layer is not clear when the MUST near has two spatial layers and only one is paired with a MUST-far UE.
3 Text Proposal
< Unchanged parts are omitted >
6.3.3
Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or several layers. Complex-valued modulation symbols 
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 shall be mapped onto the layers 
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 is the number of layers and 
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 is the number of modulation symbols per layer.  
If “MUST wideband power ratio and interference presence” field exists in DCI format 1/2/2A and MUST interference is indicated for one or two layers, then for each layer 
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 if MUST interference is indicated; 
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 is obtained from Table 6.3.3-2 according to “MUST wideband power ratio and interference presence” and the modulation order corresponding to the layer 
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if MUST interference is indicated or according to the other layer otherwise; 
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 is the interfering modulation symbol selected from 
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Table 6.3.3-1: symbol conversion
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Table 6.3.3-2: Values of 
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	 MUST wideband power ratio and interference presence
	Modulation order

	
	QPSK
	16QAM
	64QAM

	0
	N/A

	1
	8/10
	32/42
	128/170

	2
	50/58
	144.5/167
	40.5/51

	3
	264.5/289
	128/138
	288/330


6.3.3.1
Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, a single layer is used, 
[image: image38.wmf]1

=

u

, and the mapping is defined by


[image: image39.wmf])

(

)

(

)

0

(

)

0

(

i

d

i

x

=


with 
[image: image40.wmf](0)

symb

layer

symb

M

M

=

.
< Unchanged parts are omitted >
Proposal: the text proposal is captured in TS36.211 for MUST gray mapping and power allocation specification 
4 Conclusion
This contribution made an analysis on the CR of [2] and proposed a text for the MUST specification, and then we have the proposal as
Observation 1: the composite constellation of [2] is not a legacy constellation when the power ratio for legacy constellation is used.
Observation 2: the constellation of [2] is not a legacy constellation for the non-MUST layer for the MUST-near UE when the MUST near UE has two spatial layers and only one is paired with a MUST-far UE.
Observation 3: the choice for 
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 is not clear in [2]
Observation 4: the power allocation of [2] is not normalized, and derivation for the power of the non-MUST layer is not clear when the MUST near has two spatial layers and only one is paired with a MUST-far UE.
Proposal: the text proposal is captured in TS36.211 for MUST gray mapping and power allocation specification 
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