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1. Introduction
In this contribution, we express our views on four issues of the multiuser superposition transmission (MUST) scheme. The issues which we address are 
1. Modulation scheme of MUST; 
2. Network-assisted information for near-UE interference cancellation (IC);

3. Superposition of signals with different transmission modes; 
4. Superposition of signals with different precoders.
2. Modulation of Superposed Signals
In [1], a scheme called Semi-Orthogonal Multiple Access (SOMA) is proposed. Based on our understanding, the modulator of SOMA is depicted in Figure 1.
	
[image: image1.emf]Far-UE 

modulator

Near-UE 

modulator

Gray 

converter

 

1



x

F

x

N

x

Far-UE

bit seq.

Near-UE

bit seq.



	Figure 1. The modulator of SOMA


As shown in Figure 1, the bit sequence (the bit sequence is defined as the bits representing a modulated symbol) of the far-UE is passed directly to the far-UE modulator, while the bit sequence of the near-UE goes through the Gray converter before entering its modulator. The Gray converter enables the superposed constellation points to fit the rule of Gray coding, i.e., the bit sequences of any two adjacent constellation points differ in only one bit. Take the example that both the near-UE and far-UE have QPSK, the resulting constellation points is given in Figure 2(a) when the power split factor  (the ratio of power allocated to the near-UE) is small. The four constellation points corresponding to far-UE bits 00 are aggregated at the upper right corner. More generally, the constellation points corresponding to the same far-UE bit sequence are close to each other and form a cluster. 
However, clustering of points is not always the case when the power split factor becomes large. An example is shown in Figure 2(b) when QPSK and 16QAM are used for the far-UE and the near-UE, respectively, where the power split factor =0.45. In the figure, constellation points having the same mark correspond to the same far-UE bit sequence. The consequence is the decision regions of different far-user bit sequences overlap with each other, and the performance of demodulation is expected to degrade.  
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	Figure 2. (a) Example of SOMA superposed constellation points QPSK + QPSK [1], and (b) Superposed constellation points of QPSK (far-UE) + 16QAM (near-UE) when the power split factor =0.45, where points having the same mark correspond to the same far-UE bit sequence.


One solution for the problem is that both bit sequences of the far-UE and the far-UE go through a “bit sequences to constellation points” mapper before entering the modulators, as shown in Figure 3. The modulation order of the coarse layer is equal to the modulation order used for the signal intended for the far-UE, and the modulation order of the fine layer is equal to the modulation order used for the near-UE’s signal. The power split factor  is the ratio of the power allocated to the fine layer. The term “modulation order” is defined as the number of constellation points of the modulation scheme. For example, the modulation orders of QPSK, 16QAM, and 64QAM are equal to 4, 16, and 64, respectively.
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	Figure 3. The proposed modulator


Two methods as to the mapping of the block “Bit seq. to constellation point mapper” of Figure 3 are depicted in Figures 4(a) and 4(b). In Figure 4(a), the superposed constellation points are divided into four quadrants. The first, second, third, and fourth quadrants correspond to far-UE bit sequences of 00, 10, 11, and 01, respectively. In Figure 4(b), the whole region is partitioned into several sub-regions according to the clustering of the constellation points. For example, the 16 center-most points correspond to far-UE bit sequence 00, and the points located at the four region corners are associated with the sequence 11. In Figure 4(a), it is seen the 4 center-most points are close to each other, but a wrong detection of the 4 points results in 1 bit error in the far-UE’s bits. In Figure 4(b), these 4 points all correspond to the same far-UE’s bit sequence 00; therefore, wrong detection among the 4 points does not lead to far-UE’s bit error. However, the way of sub-regions partitioning varies with the power split factor and the modulation orders of the signals intended to the two UEs. This complicates the demodulator design of the far-UE. Therefore, we do not suggest using Method 2 for the modulator design. 
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	Figure 4. Two methods of mapping the far-UE bits sequence to the locations of constellation points: (a) Method 1, and (b) Method 2. 


The procedure of Method 1 modulator design is given as follows.

1. Generate all the 2n+m constellation points based on the modulation orders 2n and 2m of the coarse and fine layers, respectively, and the power split factor , e.g., Figure 2(b).  

2. Assign a bit sequence to each of the constellation points generated in the previous step so that the following two conditions are met.

a) The bit sequences corresponding to any adjacent constellation points differ in only 1 bit.

b) According to the i most significant bits (MSB) of the bit sequences, i=1,…,n+m, all constellation points are subdivided into 2i groups, with each group having the same number of constellation points, and those constellation points in the same group are co-located in their positions. For example, in Figure 4(a), constellation points located at the first, second, third, and fourth quadrants have their 2 MSB bits of the associated bit sequences equal to 00, 10, 11, and 01, respectively.
3. Given the bit sequence a0,a1,.., an-1 for the signal intended to the far-UE, where the modulation order for the far-user (i.e., the modulation order of the coarse layer) is 2n. Given the bit sequence b0,b1,.., bm-1 for the signal intended to the near-UE, where the modulation order for the near-user (i.e., the modulation order of the fine layer) is 2m. Concatenate the two bit sequences to yield a concatenated sequence a0,a1,.., an-1,b0,b1,.., bm-1. 

4. According to the mapping of Step 2, a constellation point corresponding to the concatenated bit sequence a0,a1,.., an-1,b0,b1,.., bm-1 is obtained.

5. For the signal x corresponding to the constellation point obtained at Step 4, express it as a linear combination of two signals xC and xF yielded by the coarse layer modulator and the fine layer modulator, respectively. That is, 
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6. The modulators for the coarse layer and the fine layer generate xC and xF, respectively. The modulators outputs xC and xF are linearly combined to yield 
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7. Repeat Steps 3 to 6 for each superposed signal.

An example to illustrate Method 1 is given in Figure 5, where the mapping between bit sequences and constellation points of Step 2 is the same as the mapping of 64QAM used in LTE.
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	Figure 5. An example of the proposed modulator corresponding to Method 1 shown in Figure 4(a).


In the following, we are going to show the performance of the proposed modulation scheme given in Figures 3 and 5. Consider the user pairing scenario shown in Figure 6(b). The received signal model of the near-UE or the far-UE after the whitening of the noise-plus-intercell-interference is given as
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(1)
where G is the 2-by-2 complex effective channel matrix of the near-UE or far-UE, [p1, p2] is the precoding matrix,  is the power split factor, P is the eNB transmitted power, sF and sC are the modulated symbols of the fine layer and the coarse layer, respectively, and sother is the transmitted symbol at the other spatial layer, w is the white Gaussian vector with the identity covariance matrix I, and finally [h1, h2]=G[p1, p2]. To suppress the inter-beam interference plus the noise 
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, the MMSE receiver fMMSE is applied to the received signal r. The MMSE receiver output is a scalar channel
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The output SNR of the MMSE receiver can be computed as
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The users pairing scenarios of Figures 6(a) and 6(c) can also be transformed to a scalar channel z and obtain the MMSE output SNR. For the scenario of Figure 6(a), we just need to set sother=0 in equation (1) and replace the power P/2 as P. For the scenario of Figure 6(c), each spatial layer can be processed in the same way as shown above for the scenario in Figure 6(b).

We will show the performance of the proposed modulation scheme using the bit interleaved coded modulation (BICM) normalized spectral efficiency [2], given as
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(4)
where mNear and mFar are the lengths of the bit sequences of the near-UE and far-UE, respectively, (e.g., 2 for the far-UE and 4 for the near-UE in Figure 5), 
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, M is the set composed by the constellation points of the superposed signal, e.g., all of the points in Figure 2(b), and both M(Near,i,t) and M(Far,i,t) are subsets of M. For any 
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being the bit sequence corresponding to x, the i-th bit of the near-UE bit sequence ai is equal to t. Similarly, for any 
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 and q being the bit sequence corresponding to x, the i-th bit of the far-UE bit sequence bi is equal to t. 
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	Figure 6. Example scenarios of users pairing in the MUST scheme.


Figures 7(a) and 7(b) show the BICM normalized spectral efficiencies (4) and (3) of the far-UE and the near-UE, respectively, when both the coarse layer and fine layer use QPSK. In each sub-plot, the horizontal axis is the SNR value of (2), and the vertical axis represents the BICM normalized spectral efficiency. The ratio of the power allocated to the coarse layer is noted on each sub-plot, e.g., “power=0.5875” in the upper-left sub-plot of Figure 7(a) with power=1-. In each sub-plot of Figure 7(a), there are three curves. The blue curve represents the performance of the proposed modulation scheme when an ML receiver is used by the far-UE. The black curve corresponds to using an ML receiver for the modulation scheme of direct superposition of the signals intended for the near-UE and far-UE; more specifically, removing the Gray converter in Figure 1 and passing the far-UE bit sequence directly to its modulator. The green curve corresponds to the same scenario as for the black curve except for an MMSE receiver is used. In each sub-plot of Figure 7(b), there are four curves, where the blue, black, and green curves stand for the BICM normalized spectral efficiencies of the near-UE with the same setting as in Figure 7(a). Additionally, the red curve represents the BICM normalized spectral efficiency when perfect IC is performed on the far-UE’s signal. 
In all sub-plots of Figure 7(a), the blue and black curves coincide with each other. This is because the overlap of decision regions as shown in Figure 2(b) does not occur for the power values used in our simulations. It can be shown the decision region overlapping occurs only when “power<0.5”.   
According to sub-plots in Figure 7(b), it is observed the proposed modulation scheme results in a higher BICM normalized spectral efficiency for the near-UE in the case of QPSK+QSPK, when SNR is larger than a given value. This value decreases with the increase of the power ratio allocated to the coarse layer. The superiority of the proposed scheme is more obvious when a small power ratio is given to the coarse layer.
Figure 8 shows the BICM normalized spectral efficiencies when the coarse layer and fine layer uses QPSK and 16QAM, respectively. In Figure 8(a) for the far-UE, the blue and black curves coincide with each other except for when “power=0.55”. It can be shown the decision region overlap occurs when “power<0.65”. Same observations can be drawn from Figure 8(b) as in Figure 7(b). However, the superiority of the proposed scheme for the near-UE compared with direct superposition is less obvious.

Figure 9 shows the BICM normalized spectral efficiencies when both the coarse layer and fine layer use 16QAM. In Figure 9(a) for the far-UE, the blue and black curves do not coincide with each other except for when “power=0.95”. It can be shown the decision region overlap occurs when “power<0.9”. The proposed modulation method for the far-UE outperforms the direct superposition significantly. From Figure 9(b) for the near-UE, we can observe the performance of the proposed scheme has a large loss when compared with perfect IC. This is because constellation points of 16QAM+16QAM are close to each other, and IC is difficult. The normalized spectral efficiency curves of the proposed scheme and the direct superposition have a crossing point. The former provides a higher spectral efficiency than the latter when the SNR is greater than a certain value. Such SNR is generally in the operating region of a near-UE.  
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	(b)

	Figure 7. The BICM spectral efficiency when (MOD of coarse layer, MOD of fine layer)=(QPSK, QPSK) for (a) the far-UE, and (b) the near-UE. The value of power noted in each sub-plot is the power ratio for the coarse layer.
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	(b)

	Figure 8. The BICM spectral efficiency when (MOD of coarse layer, MOD of fine layer)=(QPSK, 16QAM) for (a) the far-UE, and (b) the near-UE. The value of power noted in each sub-plot is the power ratio for the coarse layer.
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	(b)

	Figure 9. The BICM spectral efficiency when (MOD of coarse layer, MOD of fine layer)=(16QAM, 16QAM) for (a) the far-UE, and (b) the near-UE. The value of power noted in each sub-plot is the power ratio for the coarse layer.


3. Assisted Information for Interference Cancellation
In the downlink control information (DCI) format supporting the MUST operation, a full set or a subset of the following parameters can be signaled to the near-UE for interference cancellation:
· Power allocation among superposed users;
· Modulation order or modulation and coding scheme (MCS) of the co-scheduled UE;
· New data indicator of the co-scheduled UE;
· Redundancy version of the co-scheduled UE;
· Parameters for descrambling the data of the co-scheduled UE;
· Single or dual transport blocks of the co-scheduled UE;
· Resource allocation of the co-scheduled UE;
· Spatial precoder vector(s) of the co-scheduled UE;
· Transmission scheme of the co-scheduled UE;
· Reference signal(s) used by the co-scheduled UE.
It would be helpful for a MUST UE to take advantage of the information above to cancel the intra-cell interference due to the other superposed UEs, for example, by the symbol-level interference cancellation (SLIC) or the codeword-level interference cancellation (CWIC). 

If the DCI overhead carrying the MUST-related information is a concern, it is possible to leverage UE’s capability to blindly detect some of the parameters listed above, e.g., spatial precoding vector(s) of the other superposed UE and the transmission scheme of the other superposed UE. 
4. Superposition of Transmit Diversity and Spatial Multiplexing

In [3], it is stated that, in some operator’s network, transmission mode (TM) 3 is used when the number of antenna ports is equal to 2. Specifically, for those users with good channel quality, the large-delay cyclic delay diversity (CDD) is used; for those with inferior channel quality, the transmission scheme falls back to the space frequency block code (SFBC). Illustration of the network design is shown in Figure 10.
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	Figure 10. Illustration of different transmission schemes in 2Tx system [3].


When MUST is implemented in these networks, it is natural to employ a mixed transmission scheme of the large-delay CDD and the SFBC. On the other hand, as confining the transmission scheme selection in MUST may degrade the system performance, using different transmission schemes for superposed signals should not be forbidden when the MUST scheme is doable (i.e., the near-UE receiver can separate superposed signals) based on the DCI format and CSI feedback specifically designed for the case of using the same transmission scheme. 
If a near-UE can blindly detect the transmission scheme of the co-scheduled far-UE, the transmission scheme of the far-UE needs not be included in the DCI format of the near-UE, and the eNB has the flexibility to choose the most favorable transmission schemes combination for the two users. Due to the benefits, we have the following proposal:
Proposal 1: Evaluate the feasibility that the near-UE blindly detects the transmission scheme of the co-scheduled far-UE.
5. Superposition of Signals with Different Precoders

It is understood that confining the scheduling flexibility results in a loss of system performance. The constraint that the same precoder should be used for superposed signals is such an example due to the limited user pairing opportunities. Therefore, it is preferable that using different precoders for superposed signals is not forbidden when the near-UE receiver can separate the signals. 

If a near-UE can blindly detect the precoder of the signal intended for the co-scheduled far-UE, the precoder index of the far-UE needs not be included in the DCI format of the near-UE, and the eNB has the flexibility to choose the most favorable precoders combination for the two users. In the following, we separate the discussion for transmission modes based on the demodulation reference signal (DM-RS) and the common reference signal (CRS). 
5.1. DM-RS based Transmission Mode

In a DM-RS based transmission mode, the channel estimation for data detection is performed on the DM-RS. A DM-RS pilot symbol sDM-RS carried on the DM-RS resource element is precoded by the precoder p applied at the spatial layer, and the received signal at receive antennas are HpsDM-RS for the channel matrix H. Therefore, the receiver can estimate the effective channel matrix Hp. When different precoders are used for two users, the received signal becomes 
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. Since symbol detection requires the power split factor , it is proposed that two separate DM-RS antenna ports are configured for the estimate of channel vectors 
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. The near-UE can detect whether the same or a different precoder is applied to the far-UE by estimating the powers on the DM-RS resource elements (RE). 
5.2. CRS-based Transmission Mode

In a CRS based transmission mode, the channel estimation for data detection is performed on the CRS. A CRS pilot symbol sCRS carried on the CRS RE is not precoded by the precoder. Therefore, a user estimates the channel matrix H via CRS pilot symbols, and the index of the precoder applied to data needs to be additionally signaled to the user for data detection.

If the signaling design of MUST assumes the same precoder is used for superposed signals, the near-user only receives the index of the precoder applied on its own symbol. However, if this is the case, the near-UE cannot detect the signal intended for the far-UE for IC. A potential solution is that, when configured with a CRS based transmission mode, the near-UE performs blind detection in the received signal for other precoders that are not contained in the DCI. 
Based on the discussion above, we have the following proposal:

Proposal 2: Evaluate the feasibility that the near-UE blindly detects the precoder index used for the co-scheduled far-UE.
6. Conclusion
In this contribution, four issues of the MUST scheme were addressed. In particular, a new modulation scheme for MUST was proposed. Based on the metric of the BICM normalized spectral efficiency, it was demonstrated the proposed modulation scheme provides better performance than the modulation method of direct superposition for both the near-UE and the far-UE. The network-assisted information for the near-UE to perform the far-UE signal IC was also suggested. Moreover, we proposed the feasibility study that the near-UE receiver blindly detects the transmission scheme and the precoder index employed for the far-UE’s signal. 
References
[1] R1-151848, “Candidate schemes for superposition transmission,” Huawei, HiSilicon.
[2] G. Caire, G. Taricco, and E. Biglieri, “Bit-interleaved coded modulation,” IEEE Trans. Inform. Theory, vol. 44, no. 3, pp. 927-946, May 1998.
[3] R1-153037, “Discussion on mixed transmission scheme in MUST,” CMCC.









_1500976071.unknown

_1500991262.unknown

_1501049140.unknown

_1501086301.unknown

_1501086466.unknown

_1501086473.unknown

_1501049154.unknown

_1500993539.unknown

_1501048828.unknown

_1500993657.unknown

_1500993526.unknown

_1500992570.unknown

_1500990987.unknown

_1500991239.unknown

_1500977726.unknown

_1500893415.vsd
Far-UE modulator


Near-UE modulator


Gray converter


Far-UE
bit seq.


Near-UE 
bit seq.



_1500896580.vsd
000111


Bit sequences
concatenation


Far-UE bit seq.
00


Near-UE bit seq. 0111


Constellation points


QPSK for coarse layer
16QAM for fine layer
Power split factor a=0.45


QPSK modulator


16QAM modulator



_1500905929.unknown

_1500893403.vsd
Coarse layer modulator


Fine layer modulator


Bit seq. to constellation point mapper


Far-UE
bit seq.


Near-UE 
bit seq.


MOD order of coarse layer
MOD order of fine layer
Power split factor a



