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1. Introduction
In RAN1#82, [1] was agreed to consider the following combinations of mixed transmission schemes in MUST evaluation if time permits

· Transmit diversity scheme and large delay CDD scheme

· Transmit diversity scheme and closed-loop spatial multiplexing scheme

· Transmit diversity scheme and up to 8 layer transmission scheme

· Single-antenna port scheme (port 7 or 8) and large delay CDD scheme

In this contribution, we discuss the feasibility of TM blind detection and provide link-level evaluation results.

2. Discussion on the feasibility of TM blind detection
In RAN1#81, [2] provided the operator’s view about the commercial transmission schemes in real deployment for 2TX system. It was stated that the cell edge and cell center users may use different transmission schemes in most cases. Two of the most typical mixed transmission schemes are
1. Lager delay CDD for cell center users, and transmit diversity for cell edge users (for both 2TX and 8TX)

2. Large delay CDD for cell center users, and single layer beamforming for cell edge users (mainly for 8TX)

In this paper, we consider the first typical case which is also approved in [1]. For the near-user, we assume large-delay cyclic delay diversity (CDD) is used. And for the far-user, it can use either large-delay CDD or transmit diversity depending on its channel quality. If the channel quality is good enough for the far-user, then it uses large-delay CDD, otherwise, it falls back to transmit diversity. The assumed transmission schemes deployment is illustrated in Figure 1.
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Figure 1. Assumed transmission schemes deployment [2]
When mixed transmission scheme is utilized in MUST, the information of transmission mode (TM) of the far-user is required for the near-user to perform interference cancellation. The required TM information could be carried by DCI or blindly detected by the near-user to reduce the DCI overhead. This work is to evaluate the feasibility of TM blind detection to see whether it’s possible to leverage UE’s capability to blindly detect far-user’s TM parameter. Although the similar work has been done in NAICS, and the interference condition for blind detection seems to be more friendly in MUST than in NAICS. But it still needs to be evaluate carefully because the required detection rate for parameter blind detection is expected to be higher in MUST than in NAICS to provide system throughput gain.
Here, we consider the case that near-user is equipped with  ML receiver in MUST Category-1. Therefore, the transmitted signals for the near- and far-users are linearly superposed according to the allocated power split factor. There are four power split factors used in simulations and shown in Table 1. They are chosen to avoid overlapped superposed constellation points. The other parameter settings are summarized in the Appendix of this contribution. Except for the TM parameter, other parameters of the far-user which are required for the near-user to perform interference cancellation are perfectly known, i.e., modulation order of the far-user.

Table 1. Power split factor for the far-user
	Power split factor
	0.6688
	0.7625
	0.8750
	0.9125


Link-level simulation results
Figures 2, 3, 4 and 5 show the near-user ML performance in MUST Category-1. In each sub-plot, the horizontal axis is the SNR value at the transmitter side without applying power split factor, and the vertical axis is the near-user throughput. The notation “GENIE” in the legends indicates that all required parameters related to the far-user for doing interference cancellation at the near-user receiver are available. The notation “BD” is represented for the case that TM parameter of far-user is blindly detected at near-user receiver, but other information about the far-user is known. “PWRF” in each title of sub-plot is the power split factor for the far-user and they are listed in Table 1. At the near-user receiver side, it knows that the transmission mode of the far-user signal is either TM2 or TM3. For example, the true transmission mode of the far-user signal is TM2 in Figure 2, if TM parameter of the far-user is detected correctly, then the near-user receiver would assume TM2 for the interference signal. Otherwise, the near-user receiver would assume the transmission mode of interference signal as TM3.

From Figures 2, 3, 4 and 5, it is observed that when power split factor is large enough, i.e., PWRF ≧ 0.875, the link performance with TM blind detection is almost the same as the link performance with known parameters. No matter the transmission mode of the far-user is TM2 or TM3, in our simulated cases, i.e., (MODN, MODF) = (QPSK, QPSK) and (MODN, MODF) = (16QAM, QPSK), the near-user receiver has the capability to distinguish transmission mode of interference signal well when interference signal is stronger, that is, the power split factor is large. When the power split factor is smaller, i.e., PWRF ≦ 0.7625, the detection rate of interference transmission mode decreases, and introduce some throughput loss due to detection error. However, it could be noted that the loss is not obvious in most cases, the largest degradation is about 0.8dB loss when power split factor is 0.6688 and SNR < 10dB with constellation points of QPSK+QPSK. But if we focus on the proper SNR operation points of chosen MCS of the near-user, i.e., SNR point corresponding to 90% throughput in given MCS, the throughputs of “GENIE” and “BD” are close and the loss due to TM blind detection error is negligible. The system throughput degradation due to blind detection error should be further evaluated in system level simulations.
Observation:

1) When power split factor is larger enough, i.e., PWRF≧ 0.875, the link performance loss due to TM blind detection error is negligible for the constellation points of QPSK+QPSK and 16QAM+QPSK.
2) When power split factor is smaller, i.e., PWRF ≦ 0.7625, the link performance loss increases due to higher detection error rate, but the loss is not obvious in most cases except for the case that constellation points are QPSK+QPSK with PWRF =0.6688 and SNR < 10dB.
3) The impact of TM blind detection error in system performance should be further evaluated in system level simulations.
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Figure 2. Near-user ML performance in MUST Category-1, (MCSN , MCSF) = (5,5) and (TMN, TMF) = (TM3, TM2)
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Figure 3. Near-user ML performance in MUST Category-1, (MCSN , MCSF) = (5,5) and (TMN, TMF) = (TM3, TM3)
[image: image4.png]Throughput [Mbps]

MOD,

6QAM, MOD =GPSK, PWR_=06688  MOD, = 1BGAM, MOD_=GPSK, PWR.=0.7625  MOD, = 16GAM, MOD_=GPSK, PWR.=0.875  MOD, =16QAM, MOD_=GPSK, PWR_=08125
25 25 25 25
20 20 20 20
15 S s S s S s
2 2 2
10 g0 g0 g0
= = =
5 5 5 5
——BD, TM3+TM2 ——BD, TM3+TM2 ——BD, TM3+TM2 ——BD, TM3+TM2
—— GENIE, TM3+TM2 —— GENIE, TM3+TM2 —— GENIE, TM3+TM2 —— GENIE, TM3+TM2
0 0 0 0
W 15 20 25 30 35 W15 20 25 a0 & W15 20 25 a8 W15 20 25 30 35

SNR [dB]

SNR [dB]

SNR [dB]

SNR [dB]




Figure 4. Near-user ML performance in MUST Category-1, (MCSN , MCSF) = (14,5) and (TMN, TMF) = (TM3, TM2)
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Figure 4. Near-user ML performance in MUST Category-1, (MCSN , MCSF) = (14,5) and (TMN, TMF) = (TM3, TM3)
3. Conclusion
In this contribution, the mixed transmission modes of co-scheduled users in downlink MUST are taken into account. We provide the link-level performance with TM blind detection. Based on these evaluation results, we have following observations:
1) When power split factor is larger enough, i.e., PWRF≧ 0.875, the link performance loss due to TM blind detection error is negligible for the constellation points of QPSK+QPSK and 16QAM+QPSK.
2) When power split factor is smaller, i.e., PWRF ≦ 0.7625, the link performance loss increases due to higher detection error rate, but the loss is not obvious in most cases except for the case that constellation points are QPSK+QPSK with PWRF =0.6688 and SNR < 10dB.
3) The impact of TM blind detection error in system performance should be further evaluated in system level simulations.
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Appendix: Simulation Assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	System BW
	10 MHz

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel & UE velocity
	EPA 5Hz

	Channel Correlation
	Low

	(# of Tx antennas, # of Rx antennas)
	(2, 2)

	Cyclic Prefix
	Normal

	Number of control OFDM symbols
	3

	Transmission scheme(s)
	2Tx: CRS based transmission schemes

	Link adaptation
	Fixed

	EVM requirement (Tx, Rx)
	(0%, 0%)

	HARQ
	Maximum 4 retransmissions

	Channel estimation
	Real

	Noise estimation
	Real


