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1
Introduction

During the previous meetings, RAN1 has started the discussion on MUST techniques and preliminary steps have been made towards the clarification on what transmission modes may be used in this study as well as on how to interpret the different ranks pairings in TM4. In this contribution we are discussing further aspects related to the transmission mode applicability in MUST. 
2
Closed loop MIMO operation
In [2] we have discussed in detail the background on different TMs to be considered in MUST, more specifically the utilization of open loop transmission schemes transmit diversity (TxD), LD CDD, closed loop MIMO (CRS-based operation) and beamforming (DMRS-based operation). 

In the following, we would like to detail possible operation modes with respect to precoders utilization in MUST. Assuming for example UE1 (far- UE) reports rank1 PMI1 and UE2 (near-UE) reports rank1 PMI2, the eNB has several options: 

1. eNB uses PMI1 (that is far-UE precoder) for both UEs: in this situation the near-UE would get a performance penalty and system throughput may suffer (mean and coverage).

2. eNB uses PMI2 (that is near-UE precoder) for both UEs: in this situation the far-UE would get a performance penalty and system coverage may suffer.

3. eNB creates a new precoder, which fits better to both far- and near-UEs, and uses this for both, however eNB loses the knowledge of exact CQI for both super-posed user.
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Figure 1: Principle of precoder reporting and same precoder for superposed UEs
Pairing UEs reporting the same PMI is of course a straight forward solution with the lowest signalling cost, unfortunately would provide also the lowest pairing probability. Increasing such pairing probability seems possible only by allowing pairing of UEs reporting different PMIs as previously explained. In fact, users reporting the second best PMI along with corresponding CSI, would not only provide improved CSI at the transmitter, but would provide necessary information to find good UE pairs, while providing corresponding CQIs. The system simulation results for the 2nd best feedback enhancement are presented in the accompanying contribution [3].
Observations and proposals:

·  eNB pairing based on different reported precoders should be studied.
· The second best PMI feedback along with CQI could aid user-pairing in MUST
3
Pairing of different transmission modes
The utilization of different TMs is open in MUST. The current SID description is rather strict when it comes to precoder utilization of different UEs. So far the support of TM4-TM4 and TM9-TM9 is clear. The open question is if different TM pairing and also if CRS and DMRS pairing are allowed. 

During the previous meeting some operators expressed the view [3] that realistic TM pairing should be considered. Indeed, considering implemented TMs in the network is rather important from the deployment perspective. Intuitively speaking MUST would pair UEs with different SNR levels. As a consequence, it is quite likely that there is a higher probability in pairing for example TM2 as far-UE and non-TM2 as near-UE, compared to forcing both the near- and far-UEs in closed loop TM4. 

Observation:

· Pairing of different TMs should be rather natural in MUST, like for example open loop (TM2) for far-UE and closed loop (potentially high rank, for example TM4/9) for near-UE.

3.1 Link investigations

In the following we present link simulation investigations in order to verify the potential of different TM pairing. The investigated MUST scheme is based on power multiplexing of the far- and near-UEs (the so called NOMA). A range of power splits have been investigated while CWIC is assumed as near-UE receiver. In addition to these schemes, Gray mapping is also utilized in the transmission side while RML receiver is also considered. In order to eliminate some degrees of freedom, fixed MCS allocations of MCS 14 and MCS 5 have been used for the near- and far-UE respectively. For each power split point, the SNR difference @70% throughput (as exemplified in Figure 6 and Figure 7) between the MUST receivers and SU MIMO baseline has been extracted and depicted in Figure 2 and Figure 3. In other words, each point is indicating the loss MUST receiver is having compared to the situation in which it could have been scheduled in SU MIMO. In order to have the same CRS to PDSCH power ratio, same PDSCH power scaling value is used in both baseline and MUST scheme. Having unit power baseline and only power scaling for the MUST scheme would give an artificial advantage to baseline scheme. 
The results are spanning different TM combinations, consisting of the following cases:

Table 1: considered transmission modes pairing in MUST
	
	Near-UE TM, CWIC receiver
	Far-UE TM, MMSE receiver
	observations

	1.
	TM4
	TM2
	TM4 with rank 1 has been used for near-UE.

	2.
	TM4
	TM4
	TM4 with rank1 for the far- and near-UEs, where the same precoder is used for each UE.

	3.
	TM3
	TM2
	TM3 with rank 2 in the near-UE.

	4.
	TM2
	TM2
	Rank1 – rank1 operation


In Figure 2 we show results assuming ideal channel estimation where the performance of the far- and near-UEs is as expected. No matter of the used TM, the near UE based on CWIC receiver suffers no degradation in comparison with the baseline. The far-UE MCS (QPSK in this case) is robust enough so there is no degradation in the detection of the far-UE signal by the near-UE terminal. Ideal channel estimation guarantees residual-free interference cancellation in the near-UE, given far-UE layer has been decoded. 

 For the far-UE the performance degradation is small when the power difference between the UEs is large, hence when the two superposed constellations are distinguishable (left side of the figure). Performance degradation increases as the power difference is decreased because the minimum distance in the superposed constellations becomes small. 
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Figure 2: Ideal channel estimation, CWIC
In Figure 3 we show results assuming realistic channel estimation. 
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Figure 3: Realistic channel estimation, CWIC
No matter of the used TM, the near-UE based on CWIC receiver suffers reasonable performance degradation in comparison with the baseline. The channel estimation noise has two ways of impacting the near-UE performance. Firstly, the noise contribution due to the channel estimation error is added to the received signal in the CWIC process. Because the channel estimation error variance (on CRS) is scaled by the far-UE power, the degradation is larger when far-UE power is larger and near-UE power is smaller, explaining the larger losses from baseline in the near-UE performance (left side of the figure). Secondly, the channel estimation is impacting its own layer detection process. 
For the far-UE the performance degradation is small when the power difference between the UEs is large, hence when the two superposed constellations are distinguishable (left side of the figure). Performance degradation increases as the power difference is decreased because the minimum distance in the superposed constellations becomes small. 

Figure 4 and Figure 5 show the similar results as before, except now with single-layer RML while Gray mapping is used. We investigate only homogenous TM case, because of “same-beam” constrain.  Compared to CWIC, the near UE degradation is increased, especially for more equal power splits between far- and near-UEs.  
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Figure 4 : Ideal channel estimation, single-layer RML
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Figure 5  Realistic channel estimation, single-layer RML
Observations:

· Near-UE: Channel estimation noise has a double effect on the near UE performance and the power scaling of the far-UE is creating an error amplification effect.
· Such an impact from the channel estimation noise is possible also in SU MIMO CWIC, however without any strong amplification effect as the codewords are having similar powers. 

· Far-UE: For the far-UE there is a strong dependency between the performance degradation and the power difference between the superposed UEs.
· Mixed TMs pairing exhibit similar performance, making them candidates for MUST pairing.

· Any power utilization tradeoffs between the superposed UEs should be left for system simulators to handle.
· The near-UE degradation of performance is larger with single-layer RML compared to CWIC, especially for more equal power splits between far- and near-UEs.

Proposals:
· Investigate same TM pairing and mixed TM pairing in MUST.
· Investigate at least TM2, TM3, TM4.
· Channel estimation modelling is mandatory in system simulations.
4
Conclusions

In this contribution we have been presenting views with respect to the utilization of transmission modes in MUST. The following proposals can be summarized.
Proposals: 

Closed loop MIMO
· eNB pairing based on different reported precoders should be studied.
· The second best PMI feedback along with CQI could aid user-pairing in MUST
Pairing of different transmission modes
· Investigate same TM pairing and mixed TM pairing in MUST.
· Investigate at least TM2, TM3, TM4.
· Channel estimation modelling is mandatory in system simulations. 
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	Parameters 
	Values 

	Carrier frequency 
	2 GHz 

	Bandwidth 
	3 MHz 

	PDSCH Resource allocation 
	Near/Far: 15/15 PRB 

	Cyclic prefix 
	Normal 

	Propagation channel 
	2x2 EPA 5Hz, spatially uncorrelated 

	Transmission modes 
	Near/Far: TM4/TM4, TM2/TM2, TM4/TM2, TM3/TM2 

	MCS# 
	Near/Far: 14/5 

	EVM 
	6%

	MUST Receiver algorithms 
	CWIC/ single-layer RML (Near UE)

	Baseline Receiver algorithm
	MMSE

	Channel estimation 
	Realistic and ideal 

	SNR estimation 
	Realistic and ideal 

	Noise and interference
	Spatially white (AWGN)

	Pathloss for Far UE/Near UE
	10dB/0dB

	PMI feedback for TM4 
	Follow wideband PMI 

	PCFICH 
	CFI=3

	Power Split Values (Near/Far) 
	 0.06/0.94, 0.09/0.91, 0.12/0.88, 0.15/0.85, 0.17/0.83, 0.19/0.81, 0.22/0.78, 0.25/0.75, 0.27/0.73, 0.29/0.71, 0.32/0.68, 0.35/0.65
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Figure 6: Example figure of Throughput vs. SNR, NOMA Far UE vs. SU-MIMO, EPA5 2x2, real chEst, 15 PRB | NOMA: TM4-TM4, CWIC-MMSE, MCS 14-5, path loss difference 10 dB | SU-MIMO: TM4, MMSE, MCS 5
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Figure 7: Example figure of Throughput vs. SNR, NOMA Near UE vs. SU-MIMO, EPA5 2x2, real chEst, 15 PRB | NOMA: TM4-TM4, CWIC-MMSE, MCS 14-5, path loss difference 10 dB | SU-MIMO: TM4, MMSE, MCS 5
