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1. Introduction
In RAN1#80bis, study on the Study Item Multiuser Superposition Transmission (MUST) was initiated. The discussion was on target deployment scenarios and evaluation methodology of MUST. In this contribution, FFS issues with regards to evaluation methodology are investigated. In a companion paper [1], we address FFS issues for target deployment scenarios.

The FFS issues to be discussed in this contribution are listed below [2].   
-------------------------------------------------------------------

· For 2x2 antenna configuration, SU/[MU]-MIMO is considered as the baseline performance.

· For 4x2/4x4 and [8x2] antenna configurations, SU/MU-MIMO is considered as the baseline performance.

· For receiver assumption:

· for inter-cell interference suppression, FFS
· for inter-stream interference suppression, FFS 

· FFS which TM is applied to which antenna configuration

-------------------------------------------------------------------

· For the evaluation of multiuser superposition transmission, the following cases are at least studied

· Transmissions to superposed UEs use the same transmission scheme 

· FFS: mixed transmission scheme cases

-------------------------------------------------------------------

· The same receivers for inter-cell interference suppression and for inter-spatial layer interference suppression should be considered to both baseline and MUST.

· The following receiver studied in Rel-12 NAICS should be used as candidates for superposed UE’s interference suppression as the starting point.

· For the CWIC,

· L2S mapping based on hard CWIC is used as the starting point.

· Assumptions including resource alignment between superposed UEs, detailed receiver assumptions and rate matching alignment between superposed UEs should be provided by companies.

· The other assumptions, e.g., HARQ, channel estimation, blind detection, etc., should be provided by each company.

· For the symbol level IC/R-ML,

· L2S mapping for multiuser superposition transmission should be further investigated.

· Resource alignment between superposed UEs is not necessarily assumed.

· The other assumptions, e.g.,  HARQ, channel estimation, blind detection, etc., should be provided by each company
-------------------------------------------------------------------

· Study to introduce new traffic model(s) based on existing packet-based traffic model(s) based on real deployment(s) considering the number of UEs and packet sizes
-------------------------------------------------------------------

The FFS issues listed above can be categorized into 1) receiver type assumptions, 2) simultaneous transmission of mixed transmission modes, 3) link-to-system mapping of symbol-level interference cancellation (IC), and 4) packet-based traffic models. In this contribution, these four categories of issues will be discussed in Sections 2 to 5, respectively.
2. Receiver Type Assumptions
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	Figure 1. Scenarios of users pairing in the MUST scheme when there are two spatial beams.


In this section, we discuss the types of receivers to be used in various scheduling scenarios of MUST. Figure 1 shows the scenarios to be investigated. In Section 2.1, we consider the handling of the intra-cell interference, including the inter-beam and intra-beam interference. Look at the inter-beam interference first, and take Figure 1(c) as an example. The near-user therein is scheduled rank-2 spatial multiplexing. When the symbol on the first beam is of interest, how is the interference from the second beam handled? The far-user in the same figure is scheduled with rank-1 transmission. How does this user deal with the interference from the other beam? Regarding the intra-beam interference, within a beam which MUST is implemented, e.g., Figure 1(a) and the upper beam in Figure 1(b), what are the receiver types used by the near- and far-users to deal with the interference from each other? In Section 2.2, the inter-cell interference is addressed. 
2.1. Intra-cell Interference
We consider two types of users (near- and far-users) and two types of interferences (inter-beam and intra-beam interference). The candidate receiver types for each of the combinations are listed in Table 1. Among the combinations of user and interference types in Table 1, based on the theory of the superposition coding, it is clear that a near-user should use a symbol- or codeword-level IC receiver to handle the intra-beam interference. For all other combinations, it seems that either symbol-level IC or MMSE receiver can be used. It is the purpose of this section to analyze the appropriate receiver for each user type and interference type combination.
	Table 1. Candidate receivers corresponding to different combinations of the user type and interference type

	
	Inter-beam interference
	Intra-beam interference

	Near-user
	MMSE or symbol-level IC
	Symbol-level IC, codeword-level IC

	Far-user
	MMSE or symbol-level IC
	Treat the near-user symbol as noise 

or symbol-level IC


Proposal 1: A near-user adopts a symbol- or codeword-level IC receiver for intra-beam interference suppression in MUST system evaluation. 

2.1.1. Intra-beam Interference
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	Figure 2. Constellation points: (a) 16QAM + QPSK, the power ratio of 16QAM and QPSK symbols is 2:8, and (b) 16QAM + QPSK, the power ratio of 16QAM and QPSK symbols is 3:7.


Figure 2 depicts the constellation points for 16QAM + QPSK with power ratios 2:8 and 3:7. We can see, when the power ratio is 3:7, some constellation points in decision regions corresponding to different QPSK symbols are very close to each other, e.g., the four points in a circle of Figure 2(b). If such a constellation point is transmitted, a small level of noise or interference results in a detection error.   
We discuss the receiver type of the far-user for intra-beam interference suppression: ML or treating the near-user symbol as noise. At demodulation, both receivers decide the symbol by choosing a constellation point closest to the received signal, i.e., the minimum distance rule. There is no difference for the two receivers. Hence, we need to go further to differentiate the receivers. 

For simplicity, we consider the case of Figure 1(a) and assume a single-input single-output (SISO) channel, where the received signal at the near-user receiver is 
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where sF and sN are the symbols intended for the far- and near-users, respectively, and n is assumed to be a zero-mean complex Gaussian random variable with variance 2. Suppose the modulation orders of sF and sN are QPSK and 16QAM, respectively. Let us denote the two bits carried by sF as b0 and b1. The log likelihood ratio (LLR) of b0 is
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where {xi: i=0,1,2,3} are the scaled constellation points (scaled by the power splitting factor) of QPSK, b0=0 for {xi: i=0,1} and b0=1 for {xi: i=2,3}. 
Two receiver types for the far-user are considered. When the far-user receiver treats sN as noise, the probability p(r|sF=xi) in (2) is given as
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If the far-user uses an ML receiver to separate sF and sN, we have
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where {yj: j=0,1,…,15} are the scaled constellation points of 16QAM.
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	(a)
	(b)

	Figure 3. LLRs when the far-user adopts an ML receiver and treats the near-user’s symbol as noise: (a) SNR = 0 dB, and (b) SNR = 10 dB.


Figure 3 shows the cumulative distribution functions (CDF) of the LLR in (2) when different receiver types are employed. The modulation 16QAM + QPSK is used. The transmitted symbol is the constellation point that is located at the first quadrant and closest to the origin. Power splitting factors of 0.1, 0.2, and 0.3 are used, where a factor of 0.3 means the power ratio of 16QAM and QPSK is 3:7. Figures 3(a) and 3(b) depict the LLRs for SNR 0 dB and 10 dB, respectively. The definition of SNR is given as E{|sF+sN|2}/E{|n|2} based on (1). 
Since a symbol located at the first quadrant is transmitted, i.e., b0=b1=0, a detection error for b0 occurs when the LLR is negative. We can observe, given an SNR value and power splitting factor, the probability of detection error (i.e., the vertical coordinate when LLR=0) is the same for the ML and the strategy of treating the near-user symbol as noise. For example, from Figure 3(b), the detection error is roughly 0.2 with the power splitting factor of 0.2. However, when a detection error occurs, the ML receiver has a smaller magnitude |LLR| statistically. This observation is more obvious at high SNR when the power splitting factor is 0.2 and 0.3. Therefore, employing an ML receiver at the far-user for intra-beam interference suppression is advantageous in terms of a smaller erroneous LLR in the situation of certain transmitted symbols and certain ranges of SNR and the power splitting factor. The problem is whether the impact of this advantage on the user throughput is significant or not. 
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	Figure 4. Throughputs of the far-user in Figure 1(a). ML receiver and treating the near-user symbol as noise are used for intra-beam interference suppression. 


Figure 4 shows the throughput curves for the two receiver types when the scheduling scenario in Figure 1(a) is considered. The link-level simulations are performed in the environments of EPA 5Hz fading channel, 10 MHz system bandwidth, transmission mode (TM) 9, the modulation order of the near-user is fixed as 16QAM, and the modulation and coding scheme (MCS) level of the far-user is determined by testing the throughputs over all MCSs and choosing the one yielding the largest throughput. It is assumed that the near-user modulation order and the power splitting factor are perfectly known to the receiver. In the figure, the solid and dashed lines represent the curves of the ML and treating the near-user symbol as noise, respectively. Power splitting factors from 0.1 to 0.5 are used. A factor of 0.3 means that the transmit power allocated to the symbols intended for the near- and far-users are 3:7. The horizontal axis of the figure represents the SNR of the far-user, which is the ratio of the eNB total transmit power (instead of the power intended for the target user) and the noise power.
It is observed that the throughput curves of two receivers are almost the same for all values of SNR when the power splitting factors are 0.1, 0.2, and 0.3. The difference in throughputs is obvious only at the rare cases of power splitting factors 0.4, 0.5 and high far-user SNR. That is to say, even though the ML receiver provides the advantage in terms of less erroneous LLR, the benefit is not visible in the far-user throughput when realistic parameter values are applied. Therefore, we propose the far-user treats the intra-beam interference as noise. 
Proposal 2: A far-user treats the intra-beam interference as noise.
2.1.2. Inter-beam Interference
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	Figure 5. Throughputs of the near-user in Figure 1(c) when the user with a dotted-line border is present. MMSE and ML receivers are used for inter-beam interference suppression. 


We consider the near-users in Figure 1(c) and in Figure 1(b). In the former case, the user has two options in handling the inter-beam interference:

· Option 1 (MMSE receiver for inter-beam interference suppression): when the symbol on Beam 1 is of interest, use an MMSE receiver to suppress interference from Beam 2, and then use a symbol-level IC receiver to jointly demodulate near- and far-users’ symbols on Beam 1. The same concept of operation is applied to obtain the desired symbol on Beam 2.

· Option 2 (Symbol-level IC for inter-beam interference suppression): use a symbol-level IC receiver to jointly demodulate the far-users’ symbols on two beams and treat the two symbols of the near-user as noise. Then, cancel the detected far-users’ symbols from the received signal. At last, use a symbol-level IC receiver to demodulate near-users’ symbols on two beams. 

An MMSE and symbol-level IC receivers are used in Options 1 and 2 for the inter-beam interference, respectively. In Figure 5, the throughput curves of the receivers of Options 1 and 2 are depicted where an ML receiver is used as the symbol-level IC. The user with a dotted-line border in Figure 1(c) is present. The link-level simulations are performed in the environments of EPA 5Hz fading channel, 10 MHz system bandwidth, equal transmit power at both beams, low antennas correlation, TM 9, the modulation order of the far-user is fixed as QPSK, and the MCS level of the near-user is determined by testing the throughputs over all MCSs and choosing the one yielding the largest throughput. It is assumed that the modulation order of every symbol and the power splitting factor are perfectly known to the receiver. In the figure, the solid and dashed lines are used to represent the curves of the ML and MMSE receivers, respectively. Power splitting factors of 0.1, 0.2, and 0.3 are used. A factor of 0.3 means that, on each of the beams, the transmit powers allocated to the symbols intended for near- and far-users are 3:7. The horizontal axis of the figure represents the SNR of the near-user, which is the ratio of the eNB total transmit power and the noise power. 
It is shown that the throughput curves of the MMSE and ML receivers are close when the power splitting factors are 0.2 and 0.3. When the power splitting factor is 0.1, there is a SNR difference of less-than-2 dB between the curves for the MMSE and ML receivers. It is observed the near-user throughput does not increase obviously when the power splitting factor is increased from 0.2 to 0.3. This is because, as shown in Figure 2(b), some constellation points belonging to decision regions of different QPSK symbols are close to each other, which is undesirable for symbol detection.
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	Figure 6. Throughputs of the near-user in Figure 1(b) when the user with a dotted-line border is absent. MMSE and ML receivers are used for inter-beam interference suppression.


Next, we consider the near-user in Figure 1(b). When the user with a dotted-line border is present, the options of receiver processing are similar to those of the near-user in Figure 1(c). For clarity, the options are described below:
· Option 1 (MMSE receiver for inter-beam interference suppression): use an MMSE receiver to suppress the interfering beam, and then use a symbol-level IC receiver to jointly demodulate near- and far-users’ symbols on the desired beam. 
· Option 2 (Symbol-level IC for inter-beam interference suppression): use a symbol-level IC receiver to jointly demodulate the far-users’ symbols on two beams and treat the two symbols of near-users as noise. Then, cancel the detected far-users’ symbols from the received signal. At last, use a symbol-level IC receiver to demodulate near-users’ symbols on two beams.
The throughputs are exactly equal to the half of those shown in Figure 5, since the near-user in Figure 1(b) is scheduled in only one of the beams. 
When the user with a dotted-line border in Figure 1(b) is absent, the options of the receiver operation are the same as above except that, at Option 2, only one symbol is detected at the second-time symbol-level IC. Figure 6 shows the near-user throughputs. The simulation environments are the same as those of Figure 5. We can see the curves corresponding to the MMSE receiver have throughputs equal to the half of those in Figure 5. However, the throughputs of the ML receiver are much larger than the half of ML throughputs of Figure 5. The performance gap between the MMSE and ML receivers is as large as 4 dB. This is because the second-time processing of the ML receiver deals with only one symbol, which yields better performance than when there are two symbols to be demodulated in the scenario of Figure 1(c).
Based on the simulation results in Figures 5 and 6, it looks using an ML receiver for inter-beam interference suppression yields a better performance than an MMSE receiver, especially when MUST is not implemented on the interfering beam. However, we do not propose using a symbol-level IC receiver for inter-beam interference suppression due to the following reasons.

Impact of blind detection not considered. We assume perfect receiver knowledge in the simulations, including the modulation orders of symbols and the power splitting factor on the interfering beam. The assumption is valid in Figure 1(c) but not in Figure 1(b). When blind detection of the above-mentioned parameters in the interfering beam is incorporated, it is expected the throughput is degraded significantly.    
Sophisticated link-to-system performance mapping. The number of spatial layers to be dealt with can be as large as four layers. The link-to-system mapping under such large number of data layers is difficult. Take the method of [5] for instance, the size of the look-up-table (LUT) for the weighting factor  shown in equation (3) of a later section is very large. The efforts in both the training and look-up of the LUT are huge. 
Not-scalable in the number of spatial beams. The scenarios enumerated in Figure 1 are based on 2TX, in which the number of spatial beams is no larger than two. In the case of 4TX, the number of beams can be as large as four. If the symbol-level IC receiver is used for inter-beam interference suppression, the complexity in blind detection and link-to-system mapping becomes even higher. On the contrary, if an MMSE receiver is used, blind detection for modulation orders and power splitting factor is not needed, and all of the interfering beams are suppressed together. The number of interfering beams does not make difference in the complexity of the system evaluation. 
Based on the discussion above, we have the following proposal:

Proposal 3: A near-user uses an MMSE receiver for inter-beam interference suppression.
The above discussion on inter-beam interference suppression is focused on the near-user. According to Proposal 2, the far-user receiver processes the received signal as if the superposed near-user symbol was not there. Based on this strategy, from the far-user’s perspective, the scenarios in Figure 1 can be reinterpreted as follows:
· Figure 1(a): rank-1 SU-MIMO;

· Figures 1(b) and 1(c): rank-1 MU-MIMO with one interfering beam;

· Figures 1(d) and 1(e): rank-2 SU-MIMO.
In situations of Figures 1(b) and 1(c), the reasons that an ML receiver is not favored for near-user inter-beam interference suppression, i.e., blind detection and evaluation complexity, are also applicable. Therefore, an MMSE receiver is proposed for inter-beam interference handling.

In situations of 1(d) and 1(e), blind detection is not needed, and the link-to-system mapping developed in NAICS can be reused with slight modifications. Therefore, an ML receiver can be used to deal with two desired beams that interfere with each other. 
Suppose there are more than two beams in the case of 4TX. If the number of desired beams (i.e., the rank of SU-MIMO) is no larger than two due to two receive antennas, the proposal above for the far-user SU-MIMO is still applicable. If otherwise, more discussion is needed due to the complexity of system evaluation.   
Proposal 4: A far-user uses an MMSE receiver for inter-beam interference resulting from MU-MIMO. 

Proposal 5: A far-user uses an ML receiver for SU-MIMO no larger than rank-2.
Based on all of the discussion in this section, we summarize our conclusion in Table 2. 

	Table 2. Proposed receivers corresponding to different combinations of the user type and interference type

	
	Inter-beam interference
	Intra-beam interference

	Near-user
	MMSE
	Symbol-level IC, codeword-level IC

	Far-user
	· MMSE for MU-MIMO interference;

· ML for SU-MIMO no more than rank-2
	Treat the near-user symbol as noise


2.2. Inter-cell Interference
It was agreed in RAN1#80bis that no network coordination is assumed in MUST deployment scenarios. Therefore, we propose that an MMSE-IRC receiver is used for inter-cell interference suppression.
Proposal 6: An MMSE-IRC receiver is used for inter-cell interference suppression. 
3. Simultaneous Transmission of Mixed Transmission Modes
A MIMO channel can provide spatial multiplexing gain and diversity gain. Both types of performance gain are supported by transmission modes (TM) in LTE. Specifically, the diversity gain is provided by the space frequency block coding (SFBC) of TM 2, and the spatial multiplexing gain is supported by a number of TMs such as TMs 3, 4, 8, and 9. 
In the SID [3] of the Study Item, one of the objectives of the SI is described as follows:
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
Based on the highlighted texts, simultaneous transmission over the same resource elements (RE) with one TM for transmit diversity and the other TM for spatial multiplexing is not supported by the SI.  
In LTE, the PDSCH demodulation for spatial multiplexing TMs can be based on either the cell-specific reference signals (CRS) or the demodulation reference signals (DM-RS). In the latter, the transmission of precoded reference signals allows for demodulation and recovery of transmitted layers at the receiver side without explicit receiver knowledge of the precoder applied at the transmitter side. There is thus no need to signal the precoder matrix information to the terminal. However, the cost to pay is the extra REs carrying the DM-RS. 
If simultaneous transmission is used with one CRS-based spatial multiplexing TM and the other DM-RS based spatial multiplexing TM, then double overheads are consumed. On one hand, the signaling of precoder matrix information is needed for the CRS-based TM; on the other hand, the resource for DM-RS is also required. Since there are no obvious advantages for such kind of mixed TMs combination, it is proposed such TMs combination is not considered in the SI from the perspective of the overhead consumption.  
Based on the discussion above, we have the following proposal:
Proposal 7: Simultaneous transmissions over the same RE with the following TMs combinations are supported:
· TM 2 + TM 2

· CRS-based spatial multiplexing TM + CRS-based spatial multiplexing TM

· DM-RS-based spatial multiplexing TM + DM-RS-based spatial multiplexing TM
4. Link-to-System Mapping for Symbol-Level IC
In Section 3.1 of [4], the methodology of link-to-system performance mapping in MUST is proposed, assuming that the near-user uses an MMSE receiver for inter-beam interference suppression. Take Figure 1(c) as an example. When the desired symbol on the first beam is of interest, the near-user receiver applies an MMSE receiver to suppress the interference from the second beam. The mutual information per bit (MIB) of the desired symbol at the first beam by the symbol-level IC receiver is obtained based on a weighting between the received bit mutual information rates (RBIR) at a lower-bound and an upper-bound SINRs, i.e.,
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where SINRlower and SINRupper represent the lower- and upper-bounds of the post-processing SINRs of the desired symbol by the symbol-level IC receiver, the function f(x) maps one SINR value to the corresponding RBIR, and 0 <  is a calibration factor used to approximate the MIB of the actual symbol-level IC receiver. When the desired symbol on the second beam is of interest, an MMSE receiver is used to suppress the interference from the first beam, and the formula in (3) is used to obtain the MIB of the desired symbol in the second beam.
5. Packet-based Traffic Models
Based on the agreement in RAN1#80bis, FTP traffic model 1 with packet sizes 0.1 Mbytes and 0.5 Mbytes was taken as a working assumption to facilitate initial evaluation of downlink MUST but it can model the traffic pattern of FTP-like services only. However, in a realistic mobile network, FTP is not the only service and there could be other services, e.g. social network, instant messaging, gaming, web browsing, VoIP, mobile video etc.  FTP traffic model 1 with small packet size may be able to model some of them, e.g. web browsing but it can’t model the traffic pattern of VoIP and mobile video services accurately. According to [6], mobile video service occupies 55% traffic in 2014 and is expected to occupy 72% traffic in 2019. In addition, its compound annual growth rate is expected to be 66%.  Therefore, it’s very important to take mobile video services, in addition to FTP-like services, into account in the evaluation of downlink MUST. 
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	Figure 7. Examples of time evolution of the (a) instantaneous and (b) accumulated received data at the player buffer [7]


One may wonder the traffic pattern of mobile video services. According to [7], take YouTube as an example, the traffic pattern consists of two phases as shown in Figure 7, i.e., initial burst phase followed by throttling phase, which is very different from FTP traffic model. In the initial burst phase, video data is transmitted to the player as fast as possible and then settling to a constant data rate in the throttling phase. The traffic pattern in the throttling phase is very similar to VoIP but it has larger packet size, e.g. 64 Kbytes, and larger time separation between two consecutive packets, e.g. 380 ms, depending on required bit rate of a video stream. Since mobile video services could be the main applications in the future mobile network and are sensitive to latency, latency should be included as one of the performance metrics in the evaluation of downlink MUST. Consequently, we have the following proposals.

Proposal 8: Further study hybrid traffic model with mixed FTP and mobile video services, e.g. traffic ratio, traffic pattern and number of served UEs for mobile video services.

Proposal 9: In addition to user perceived throughput, latency should be one of performance metrics in downlink MUST evaluation.
6. Conclusion

In this contribution, FFS issues with regards to MUST evaluation methodology were discussed, including receiver type assumptions, simultaneous transmission of mixed transmission modes, link-to-system mapping of symbol-level IC, and packet-based traffic models. The following proposals were made based on the discussion.
Proposal 1: A near-user adopts a symbol- or codeword-level IC receiver for intra-beam interference suppression in MUST system evaluation. 

Proposal 2: A far-user treats the intra-beam interference as noise.
Proposal 3: A near-user uses an MMSE receiver for inter-beam interference suppression.
Proposal 4: A far-user uses an MMSE receiver for inter-beam interference resulting from MU-MIMO. 

Proposal 5: A far-user uses an ML receiver for SU-MIMO no larger than rank-2.
Proposal 6: An MMSE-IRC receiver is used for inter-cell interference suppression. 
Proposal 7: Simultaneous transmissions over the same RE with the following TMs combinations are supported:
· TM 2 + TM 2

· CRS-based spatial multiplexing TM + CRS-based spatial multiplexing TM

· DM-RS-based spatial multiplexing TM + DM-RS-based spatial multiplexing TM
Proposal 8: Further study hybrid traffic model with mixed FTP and mobile video services, e.g. traffic ratio, traffic pattern and number of served UEs for mobile video services.

Proposal 9: In addition to user perceived throughput, latency should be one of performance metrics in downlink MUST evaluation.
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