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1. Introduction
The study item (SI) entitled “Enhanced Multiuser Transmissions and Network Assisted Interference Cancellation” was approved in RAN plenary #66 [1], and the SI was revised into “Study on Downlink Multiuser Superposition Transmission for LTE” in RAN Plenary #67 [2]. The objectives of the study are the following:
· 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.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.
In [3], we discussed and proposed the target deployment scenario for system-level evaluation of the multiuser superposition transmission (MUST) technique to be studied in the SI. In this contribution, the system-level simulation assumptions based on the recommended scenario in [3] are proposed in Section 2. In Section 3, the methodology for the link-to-system performance mapping of an intra-cell interference cancellation (IC) receiver is investigated. Both codeword-level and symbol-level IC receivers are addressed. Some suggested rules for the MUST scheduler in making scheduling decisions are provided in Section 4. Finally, this contribution is concluded in Section 5.
2. System Simulation Assumptions
In [3], we propose the following principles for deployment scenario definition: 
· Use homogeneous network scenario as the target deployment scenario

· Use 2 and 4 transmit antennas in Rel-13 MUST SI evaluation. The case of more transmit antennas can be considered after standards enhancement in Rel-13 FD-MIMO has been determined 

· No intra/inter-site coordination is assumed in network deployment
Based on the principles, we suggest in TABLE I for system-level simulation assumptions. Some parameters in the table that are related to link-to-system mapping and scheduling methodology will be highlighted in next sections.
	TABLE I. Evaluation assumptions 

	Parameters 
	Values 

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites 

	Inter-site distance 
	500 m

	System bandwidth
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna pattern
	3 D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	Mandatory for eNB: (2 Tx, 4 Tx), 0.5 lambda, cross-polarized
Optional for eNB: 8 Tx, 0.5 lambda, cross-polarized
UE: 2 Rx, cross-polarized

	Traffic model
	Mandatory: FTP model 1 (file size 0.5 Mbytes)  
Optional: Full buffer

	Number of UEs per cells
	FTP model: depending on resource utilization factor 

Full buffer: 20

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Between Macro eNB and UE : > 35 m

	Resource utilization factor
	(40%, 60%, 80%) average resource utilization across all cells

	Number of superposed signals in superposition transmission
	2

	UE receiver
	Far-user: MMSE-IRC
Near-user: R-ML or CWIC, assuming that the resource allocation and MCS for the far-user are perfectly known

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, 2/4 CRS ports and DM-RS with 12/24 REs per PRB depending on the assumed number of MIMO layers

	Performance metrics
	(Mean, 5%, 50%, 95%) user throughput at the given offered traffic 

	Transmission schemes 
	Single point transmission schemes, i.e.

SU-MIMO (e.g. TM4 or TM9), transmit diversity (e.g. TM2), and MU superposition transmission 

	Scheduling assumption
	Dynamic switching among the considered transmission schemes. MU pairing together with the assumed enhancements should be described by companies in details

	Feedback assumption
	Non-ideal CRS or CSI-RS channel/interference estimation
Release 12 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms

Any feedback enhancements assumed in the evaluation should be described by companies in details.

	Receiver impairment modeling for demodulation
	Non-ideal CRS or DM-RS channel estimation

	EVM
	6%


3. Link-to-System Mapping Methodology
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	Figure 1. Three example scenarios of users pairing in the MUST scheme: (a) Scenario 1, (b) Scenario 2, and (c) Scenario 3.


Figure 1 shows three example scenarios of the MUST scheme. Let us denote the symbols intended for the near- and far-users as sN and sF, respectively. In Scenario 1, the eNB performs a one-beam transmission. The receiver of the far-user detects the desired symbol sF by using the MMSE-IRC receiver which treats the contribution due to sN as noise. At the receiver of the near-user, either symbol-level or codeword-level IC can be utilized. In the former, at each time-frequency resource element, the R-ML or successive IC (SIC) receivers can be used to detect the desired symbol sN. In the latter, the codeword composed of {sF} is decoded, where {sF} represents the collection of modulated symbols transmitted over the set of time-frequency resource elements allocated to the far-user. If successful, the codeword is regenerated, and the contribution of the exact sF at each resource element is subtracted from the received signal.

In Scenario 2, two spatial beams are utilized. The transmissions to near- and far-users are both single-rank. The near- and far-users suffer from the interference due to the transmission at the other beam. The operation of receivers in this scenario is the same as in Scenario 1 except that the MMSE-IRC receiver is applied to mitigate the inter-beam interference before processing the signal carried over the beam of interest. 
In Scenario 3, the transmission to the near-user is rank-2 and is rank-1 to each far-user. The far-user receiver executes the same procedure as in Scenario 2, and the near-user performs either the symbol- or codeword-level IC for the interfering signals intended for the far-user on the two beams before processing its own signal.
As described above, both symbol-level and codeword-level IC can be used at the near-user receiver. Below, the methodologies of the link-to-system mappings for the two IC methods are proposed. 
3.1. Symbol-level IC 
For symbol-level IC, the method of physical layer abstraction proposed in [4] for NAICS can be reused with revised upper and lower bounds for the post-processing SINR. The general approach of the abstraction is obtaining the mutual information per bit (MIB) of the symbol-level IC receiver on each time-frequency resource element (RE), averaging the MIBs over all REs, and then mapping the averaged MIB to the BLER. In particular, the key of the method is to estimate the MIB of the symbol-level IC receiver 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 symbol-level IC receiver, the function f(x) maps one SINR value to the corresponding RBIR (can be found in Table 24 of [5] for different modulation orders), and 0 <  is a calibration factor used to approximate the MIB of the actual symbol-level IC receiver. 
Before describing the training procedure of the calibration factor , the received signal model and the near-user receiver processing is formulated first. We take Scenario 2 in Figure 1 as an example. Similar procedures can be developed straightforwardly for other scenarios. 
Scenario 2. Assume the eNB is equipped with two transmit antennas, and each UE has two receive antennas. Consider the received signal model after the whitening of the noise-plus-intercell-interference
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where G is the 2-by-2 complex effective channel matrix, [p1, p2] is the precoding matrix,  is the power splitting factor among near- and far-users, P is the eNB transmitted power, sN, sF, and sother are the unit average power modulated symbols intended for the near-user, far-user, and the user on the other beam, respectively, w is the white Gaussian vector with the identity covariance matrix I due to the contribution of the thermal noise plus inter-cell interference, and finally [h1, h2]=G[p1, p2]. To suppress the inter-beam interference, the near-user applies the MMSE receiver fMMSE 
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to the received signal r, where R is the covariance matrix of the noise-plus-interference vector 
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. The output SINR of the MMSE receiver fMMSE can be expressed as
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where the superscript (2) represents Scenario 2. Assume the contribution of sF is perfectly cancelled from 
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The SINR of sN in rupper can be considered as the upper bound of the post-processing SINR of the symbol-level IC receiver, which can be shown to be
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The lower-bound for the post-processing SINR of sN is equal to the SINR of sN in the observation 
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Scenario 1. For Scenario 1 in Figure 1, it is single-beam transmission, the received signal model in (2) can be reused by setting the precoding vector p2=0, the other-beam symbol sother=0, and the transmitted power on the beam of interest P/2 is changed to P. The inter-beam interference suppression in Scenario 2 is not needed either, and we have 
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. Using a similar procedure demonstrated above, the upper and lower bounds for the post-processing SINR of sN are 
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Scenario 3. For Scenario 3, the near-user receiver can obtain the post-processing SINRs of sN’s on the two beams by applying the procedure demonstrated for Scenario 2 on each of the beams. In particular, when the symbol sN on one of the beams is of interest, the transmission on the other beam is regarded as inter-beam interference. 
Parameterization of look-up table for . We will generate a look-up table (LUT) for the MIB calibration factor . Here we discuss the parameterization of the LUT. Let us consider Scenario 2 first. The MIB calibration factor  is related to the following parameters
· spectral efficiency (SE) of the transport block {sN}, denoted as SEN,
· modulation order of sF, dented as MODF, and
· power splitting factor 
where SEN can be obtained from the TB size, the number of REs for data transmission, and the modulation order. Moreover, the value of  also depends on the channel matrix H=[h1, h2]. The factor  represents the capability of the symbol-level IC receiver in suppressing the interference sF. When  approaches 1, the receiver performs as well as a perfect IC; when  is close to 0, the receiver is like an MMSE receiver. Since the performance of the IC receiver is related to the SNR of 
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, the inter-dependence of the channel matrix H and  can be characterized by the output SINR after the inter-beam interference suppression, i.e., 
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For Scenario 1, the LUT of  is parameterized by SEN, MODF, , and 
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Training of calibration factor. We consider Scenario 2 here. Given a parameters combination (SEN, MODF, ), the following actions are executed to build the LUT.
1. Choose a suitable interval [low, high] of 
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for the combination (SEN, MODF, ) so that the BLER of the near-user packet is at the water-fall region of e.g., 10-1 to 10-3. Subdivide [low, high] into non-overlapping sub-intervals {[n, n+1): n=0,1,2…}. 
2. For a given sub-interval [n, n+1), generate a number of flat-fading channel matrices H(i), i=1,2,…,N, for which the associated 
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 falls within [n, n+1). 

3. For each channel H(i), perform the link-level simulation with parameters SEN, MODF, and  to obtain the BLER of the near-user TB, denoted as BLER(i).

4. Compute the upper and lower bounds for the post-processing SINR
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and solve the following optimization problem 
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where g(.) is the function corresponding to the SNR-to-BLER curve of SEN in the AWGN channel.

With the above procedure, the LUT for the mapping from the parameters combination (
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, SEN, MODF, ) to the calibration factor  can be built.

BLER of symbol-level IC receiver. In the system-level simulation, the BLER of the TB {sN} is obtained with the following procedure. Given an RE of the allocated resource, compute the SINRtargetBeam using the channel matrix. Based on the parameters combination (SINRtargetBeam, SEN, MODF, ), the calibration factor can be found by consulting the LUT. The MIBSLIC of the RE can be obtained from (1). Denote the average of the MIBSLIC’s of all allocated REs as MIBave. The effective post-processing SINR of the TB is equal to 
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, and the BLER can be found by consulting the SNR-to-BLER curve in the AWGN channel of the assigned MCS level of {sN}.
Proposal 1: For symbol-level IC, reuse the method of physical layer abstraction for NAICS with revised upper and lower bounds for the post-processing SINR.
3.2. Codeword-level IC 

For codeword-level IC, the link-to-system mapping methodology is proposed as follows. 
· Whenever the decoding for the transport block (TB) intended for the far-user is unsuccessful, the receiver falls back to symbol-level IC

· When the decoding for the TB intended for the far-user is successful, the residual interference is completely due to the channel estimation error 

· If the actual and estimated channel frequency responses at a resource element are H and 
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When the decoding of the far-user TB fails, the symbol-level IC is used, and the MIB of the receiver at an RE can be obtained via the procedure developed in Section 3.1. When otherwise, we have a cleaner received signal (interference resulting from the far-user’s TB is replaced with the residual interference), and the MIB of an RE can be computed based on the cleaner received signal.
Proposal 2: For codeword-level IC, whenever the decoding for the TB intended for the far-user is unsuccessful, the receiver falls back to symbol-level IC; when the decoding for the TB intended for the far-user is successful, the residual interference is modeled based on the channel estimation error.
4. Scheduling Methodology
In this section, some particular issues regarding the scheduling rules of the MUST scheme are addressed. They are precoder assignment, number of superposed signals, and packet retransmission for the far-user. 

Precoder assignment. In MUST scheme, superposed signals are precoded by the same precoding vector, e.g., sN and sF in (2) are precoded by p1. The advantage of utilizing the same precoder is, for two co-channeled MUST users, decreasing scheduler’s difficulty in finding co-scheduled users; for users more than two, avoiding the undesired situation that there is no single user who has sufficient SINR to decode everyone else’s data. 
In particular, if a MUST signal p1x1+p2x2 is transmitted at the eNB, where pi’s, i=1, 2, are precoders, xi’s are modulated symbols intended for user i with power Pi, and user 2 will do SIC to cancel user 1’s signal. Assume single receive antenna at both receivers, unit noise variance, and the channel vector is hi. Let us denote the received SINR at user i for the symbol x1 as SINRi. We have
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To guarantee SINR2 > SINR1 so that user 2 can decode user 1’s data, the scheduler needs to know the projections of channel hi’s on precoders p1 and p2. Based on the current LTE specifications, a user reports CQI only for the most favorable precoder, so the scheduler generally does not has enough information to ensure the success of SIC. When the number of co-scheduled users is more than two, an even worse situation may occur that there is no single user who has sufficient SINR to decode everyone’s data. To remedy, if the same precoder p is applied to x1 and x2, then SINR2 > SINR1 can be guaranteed as long as 
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. This explains the advantage of using the same precoder for superposed signals.
Considering the complexity of scheduling and the overhead of the channel state information (CSI) feedback, we propose that the study of MUST scheme is focused on the case of utilizing the same precoder for superposed signals. More specifically, the design of the downlink control information (DCI) and CSI feedback for the MUST transmission mode should be concentrated and optimized for the same precoder case. However, as confining the precoder selection may degrade the performance gain of MUST, it is suggested that the different precoders case is not forbidden when, in some situations of users channel distribution, interfering condition, and so on, the scheme is doable (i.e., near-user receiver can separate superposed signals) based on the DCI format and CSI feedback specifically designed for the same precoder case.  
Proposal 3: The design of CSI feedback and DCI format of the MUST transmission mode is optimized for the case of utilizing the same precoder for superposed signals. 

Proposal 4: If the implementation of different precoders for superposed signals is feasible in some environments, i.e., near-user receiver can separate superposed signals, such implementation is not forbidden.
When different precoders are used for superposed signals, the PHY abstraction methodology proposed for NAICS, e.g., [4] can completely be reused in determining the BLER of a near-user TB.

Number of superposed signals. Superposed signals are in the same group if their MCS levels and power allocations are jointly designed so that they can be separated by SIC. As suggested in the previous paragraph, superposed signals in a group may or may not be precoded by the same precoder. Up to now, our discussion is confined to the number of superposed signals in a group, denoted as U, equal to 2. Theoretically, there is no limit on the value of U, although the complexity of SIC increases with the number of cancellation stages. The value of U yielding the largest proportional fair (PF) metric depends on the distribution of user channels in the cell. However, considering the tradeoff between the throughput gain versus the complexity of scheduling and receiver IC, we suggest using U=2 as the default setting.
Proposal 5: Use the number of superposed signals in a group equal to 2 as the default setting.
Packet retransmission for far-user. Suppose the codeword level IC is used, and a retransmitted packet intended for the far-user is superposed with near-user’s TB. In case the near-user receiver does not reserve a soft buffer for far-user’s TB, even if the near-user channel quality is pretty good, the success of far-user’s TB decoding at the near-user receiver is not guaranteed when the redundancy version of far-user’s packet is other than 0. 

There are a number of remedies for the issue. First, far-user’s retransmitted packet is not scheduled with MUST. Secondly, the near-user reserves a soft buffer for far-user’s packet, and therefore packets with different redundancy versions can be softly combined. Thirdly, the chase combining (CC) is used for far-user’s retransmitted packets. The last solution is both CC and incremental redundancy (IR) can be used for far-user’s packet retransmission, and the near-user performs codeword-level IC only when the far-user packet can be decoded with the single redundancy version alone without softly combined with other redundancy versions.      
Proposal 6: When codeword-level IC is used, there are four options for HARQ scheme of far-user’s retransmitted packets. 

Option 1: Far-user’s retransmitted packet is not scheduled with MUST.

Option 2: Near-user reserves a soft buffer for far-user’s packet.
Option 3: CC is used for far-user’s retransmitted packets. 

Option 4: Both CC and IR can be used for the retransmission of a far-user’s packet. The near-user performs codeword-level IC only when the far-user’s packet can be decoded with the single redundancy version alone without softly combined with other redundancy versions.
5. Conclusion

In this contribution, we proposed the system-level simulation assumptions based on the recommended scenario in [3]. Methodology for the link-to-system performance mapping of intra-cell IC receivers was also suggested. Scheduling rules recommended to be utilized by the scheduler of MUST transmission mode were also described. The following proposals were recommended in this contribution.
Proposal 1: For symbol-level IC, reuse the method of physical layer abstraction for NAICS with revised upper and lower bounds for the post-processing SINR.

Proposal 2: For codeword-level IC, whenever the decoding for the TB intended for the far-user is unsuccessful, the receiver falls back to symbol-level IC; when the decoding for the TB intended for the far-user is successful, the residual interference is modeled based on the channel estimation error.
Proposal 3: The design of CSI feedback and DCI format of the MUST transmission mode is optimized for the case of utilizing the same precoder for superposed signals. 

Proposal 4: If the implementation of different precoders for superposed signals is feasible in some environments, i.e., near-user receiver can separate superposed signals, such implementation is not forbidden.
Proposal 5: Use the number of superposed signals in a group equal to 2 as the default setting.
Proposal 6: When codeword-level IC is used, there are four options for HARQ scheme of far-user’s retransmitted packets. 

Option 1: Far-user’s retransmitted packet is not scheduled with MUST.

Option 2: Near-user reserves a soft buffer for far-user’s packet.

Option 3: CC is used for far-user’s retransmitted packets. 

Option 4: Both CC and IR can be used for the retransmission of a far-user’s packet. The near-user performs codeword-level IC only when the far-user’s packet can be decoded with the single redundancy version alone without softly combined with other redundancy versions.
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