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1. Introduction
In RAN4#79, MuST core part got started with WID [1], UE parameter estimation feasibility has been discussed on-line and off-line. In the email discussions [2], companies further discussed on Rel-14 MuST usecases, which also require specific review on the multi user parameter estimations in the usecases. In RAN4#80, we further discuss on the MuST parameter estimation feasibility. In accordance to the MuST WID [1], the UE receiver should be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases.
· Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 
· Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

· Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

In the last meeting, RAN4 has discussed UE behaviours and possible performances under the given cases, and reached to a way forward [3] as
· For MUST case 1 and 2, error in interference existence detection will lead to 100% BLER of the PDSCH
· For MUST cases 1 and 2, study blind detection feasibility of power ratio for MUST-near UE
· CRS TM : TM2, TM3, TM4 rank 1, TM4 rank 2
· DMRS TM : TM9 rank 1, TM9 rank 2
· For MUST case 3, further study blind detection feasibility on presence/precoder/modulation of interference UE in the following cases
· CRS-based TM with 2TX or 4 Tx when UE is scheduled with TM2 or TM4 rank 1
· DMRS-based TM with OCC2 DMRS or OCC4 DMRS when UE is scheduled with rank 1
· Further check if NAICS conclusions can be applied 

· Signaling is still beneficial for MUST case 3
Further RAN4 discussions and our view are shared in this contribution. 
2. RAN4 Study Scope in Rel-14 MuST Core Part 
For UE behavior and performance studies, RAN4 selected multi-user scenarios using transmission mode 4 and 9, and the possible MU scenarios have been further discussed through email reflector [2]. One of core questions in the email discussion is about UE capability on the blind detection feasibility on MU parameters. RAN4 needs to investigate firstly the accuracy of the blind detection and secondly the computation complexity of the blind detection. 

In RAN4 #79, there was a contribution analyzing algorithms and accuracy of the UE blind detection [3, 4]. The UE parameter estimation requirements are different depending on MuST schemes such as the number of layers, the number of UEs, and multiplexing methods and transmission modes etc. If recalling back to previous study references, RAN4 has studied NAICS UE designs for inter cell interference scenario, so the UE with NAICS is supposed to perform blind detection on interference transmission parameters for interference cancellation. Although the UE detection process removing the inter cell interference appears similar as intra cell interference cancellation, the MU usecases in an intra-cell seems unique and quite different from inter cell interference in network behavior point of view. First of all, the transmission parameter signaling in an intra cell will be easier than an inter-cell. Since the MU are scheduled in a same BS, the eNB can signal the scheduling and transmission parameters. Therefore, RAN4 starts from discussion on two feasibilities for eNB and UE operations (i) eNB signaling on MU-MIMO transmission parameters, (ii) UE estimation capability on MU-MIMO transmission parameters.

Observation 1 : eNB’s transmission parameter signaling in an intra cell is easier than inter-cell use cases. Since the MU are scheduled in a same BS, the eNB can signal the scheduling and MuST parameters. 

From the WF [1] and analysis [3,4], the blind detections of case 1 and 2 are found very challenging, since error in interference existence detection will lead to meaningless performance of PDSCH. The existence detection failure rate directly lead to performance degradation in the case 1 and 2, especially near-UE performances are vanished. In the case 3, a baseline receiver MMSE-IRC still works even if the blind detection on co-scheduled UEs’ parameters failed. Performances study in RAN4 is required.
Anyhow, once multi-user parameter signaling structure is introduced and becomes available, the signaling can be given to all the cases of 1, 2 and 3, and a main point of signaling is how much the UEs can preserve MU performances relying on the signaling. We have interests to confirm if the signaling approaches give performance improvements comparing to UE blind detection or baseline performance of MMSE-IRC.

The blind detection accuracy requirement for MuST UE is more critical than NAICS UEs. In NAICS, there is still a good chance for a UE receiver to fallback to LMMSE-IRC to decode PDSCH when UE blind detection fails. For the MuST UEs, there is no chance for a MUST-near UE to decode serving PDSCH if detection fails. This is another reason that considering eNB signalling also very important to help UE’s robust performance. 
We find similarity of detection algorithms between MuST UE and NAICS UE. In Rel-12 NAICS study, RAN4 has studied performance of SLIC and CWIC. However, MuST and NAICS are independent features. For baseline detection algorithms discussion, NAICS UE implementation is not necessarily to be a pre-requisite or UE assumption. In this contribution, we generate UE blind detection performances under multi-user scenarios. 

3. MuST Parameter Detection Overview
We evaluate UE blind detection performance based on ML detection. We analyze the performance of parameter detection. A main interest of the parameter estimation is for a near UE to detect a power ratio and a constellation order of a far UE in case 1 and 2. The UE must be able to detect one of the two hypothesis as
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 is the complex AWGN. We have conducted two tests to see UE blind detection performances on the existence. When NOMA is applied, the constellation is determined with power ratio. Currently, RAN1 has been under discussion to finalize the power ratios, anyhow, the far UE constellation is limited to QPSK. 

The constellation can be combined with the near and far UEs as Figure 1. On the grid of each of 16QAM, 64QAM and 256QAM layout, the power scaled symbols are determined as Table 1. RAN4 WF has referred to power ratios in [6, 7]. Since the ratio is not determined clearly yet in RAN1, we also use the ratios with constellation generation as Figure 1 and Table 1. 
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Figure 1: Example of NOMA {16QAM, QPSK} power ratio=0.966 Constellation underlying on 256QAM constellation
Table 1: Possible NOMA constellation symbols and power ratios
	Modulation order pair (Far+Near)
	Number of QAM symbols
	Underlying uniform constellation
	Subset selection (I/Q in Figure 1)
	Power ratio
( far UE power )

	QPSK+QPSK
	16QAM
	16QAM
	{±1, ±3}
	0.8 (uniform case)

	QPSK+QPSK
	16
	64QAM
	{±1, ±5}
	0.692

	QPSK+QPSK
	16
	64QAM
	{±3, ±7}
	0.862

	QPSK+QPSK
	16
	64QAM
	{±3, ±5}
	0.941

	QPSK+QPSK
	16
	64QAM
	{±5, ±7}
	0.973

	QPSK+16QAM
	64QAM
	64QAM
	{±1, ±3, ±5, ±7}
	0.762 (uniform case)

	QPSK+16QAM
	64
	256QAM
	{±1, ±5, ±9, ±13}
	0.71

	QPSK+16QAM
	64
	256QAM
	{±3, ±7, ±11, ±15}
	0.802

	QPSK+16QAM
	64
	256QAM
	{±3, ±5, ±7, ±9}
	0.878

	QPSK+16QAM
	64
	256QAM
	{±5, ±7, ±9, ±11}
	0.928

	QPSK+16QAM
	64
	256QAM
	{±7, ±9, ±11, ±13}
	0.952

	QPSK+16QAM
	64
	256QAM
	{±9, ±11, ±13, ±15}
	0.966

	QPSK+64QAM
	256QAM
	256QAM
	{±1, ±3, ±5, ±7, ±9, ±11, ±13, ±15}
	0.7529 (uniform case)


Consider single transmit antenna, single receive antenna and layer 1 with NOMA and OMA. Channel is static AWGN channel. We adopt the algorithms used in [3,5], which are based on ML search principles. The final equations are captured in (3) ~ (6). For further analysis we consider two possible blind detection scenarios, the first one with NOMA presence detection and the second one with power offset detection.

Test A: OMA vs NOMA detection
The NOMA signal presence detection can be conducted in accordance to equations (1) and (2). 
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Test B: NOMA power ratio detection 

If NOMA case is detected or signalled with a co-scheduled UE existence and if a constellation order of a far UE is pre-determined, a power ratio can determined by a near UE as follows :
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where 
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 is a search domain of NOMA constellation. For example, if the UE assumes that eNB may utilize all of Table 1 constellation, it searches all NOMA constellation hypothesis on 
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. We utilized the same ML-based algorithm applied in [5]. If NOMA is detected with a co-scheduled UE and if a constellation order of the co-scheduled UE is also unknown, then the UE must simultaneously search the “OMA or NOMA” hypotheses together with a power ratio and a constellation for the NOMA hypothesis. 
Between the proposed algorithms, complexity of the algorithms should properly be taken into account for blind detection feasibility discussion. The complexity is up to the size of search domain, and sum-exp algorithm may be too complex when considering multiple NOMA hypothesis with various power ratios.
Proposal 1: Complexity of UE blind detection algorithms must properly be taken into account for blind detection feasibility discussion. Sum-exp algorithm is too complex when considering multiple NOMA hypothesis with various power ratios.

4. MuST Parameter Detection Analysis

In this section, we analyze the UE parameter estimation performance. Under the given study assumption in [3], we study two aspects. 
· Test A: OMA vs NOMA detection: We firstly investigate blind detection impacts on the OMA and NOMA performance. All NOMA capable UEs must be able to detect if a PDSCH transmission is OMA-based or NOMA-based. 
· Test B: NOMA power ratio detection: If an UE is aware that a transmission is based on NOMA through blind detection or network signalling, NOMA Near UE should evaluate power ratio detection with multiple power multiplexing hypothesis on a constellation.
Test A: OMA vs NOMA detection
In this section we analyze impact of NOMA existence detection on the OMA and NOMA UE performance. We assume the transmitter only uses a single power ratio combination with combined constellation being one of the LTE legacy constellations: QPSK+QPSK >> uniform 16QAM, 16QAM+QPSK >> uniform 64QAM, and 64QAM+QPSK >> uniform 256QAM.
Impact on OMA UE performance

First, we analyse the impact of NOMA existence detection on the OMA UE performance (see Figure 2). We investigate OMA-to-NOMA detection error. We assume that UE receives OMA transmission but applies blind detection and may erroneously detect NOMA signal. In case UE detects NOMA presence, it applies NOMA Near UE RX processing. In case UE does not detect NOMA presence, it applies regular OMA MMSE-IRC processing.
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	Figure 2. Existence BD impact on OMA UE performance.


Observation 2: OMA scenarios can be detected without error by the Max-Log blind detection method. It is observed that Sum-Exp method causes OMA UE performance degradation reaching up to 7dB.

Impact on NOMA Near UE performance

We analyse the impact of NOMA existence detection on the NOMA Near UE performance (see Figure 3). We investigate NOMA-to-OMA detection error that an UE receives NOMA transmission but erroneously detects OMA signal. If OMA is detected, the UE applies OMA UE RX processing in vain. Otherwise it applies correct NOMA near UE processing.
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	Figure 3. Existence BD impact on NOMA near UE performance.


Observation 3: For NOMA scenarios, Sum-rate method shows relatively fair detection performance comparing to the max-log method (i.e. inverse effect in comparison with OMA scenarios).
Impact on NOMA Far UE performance

We analyse the impact of NOMA existence detection of a NOMA Far UE performance (see Figure 4). We assume that a UE performs blind detection of NOMA existence (i.e. compares QPSK and 16QAM hypothesis). If a far UE detects NOMA existence then it really does not have information on whether it is a near UE or far UE and we assume that it attempts to apply a NOMA near UE processing which is actually not correct and leads to performance loss. 
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	Figure 4. Existence BD impact on NOMA Far UE performance.


The results in Figure 4 illustrates that a far UE can detect a NOMA constellation in a good SNR conditions, then a far UE is confused as if it is a near UE. Then the further detection process becomes meaningless and results in performance degradation.
Observation 4: For NOMA scenarios, a Far UE performance must be restricted to apply OMA/NOMA blind detection. Otherwise, the far UE misleads to wrong UE behavior. (Our working assumption in Figure 4 is that the far UE mistakenly detect itself as a near UE).

Impact on combined NOMA performance

The results above for the NOMA Near UE performance do not allow making an exact conclusion on the blind detection impact on the overall NOMA performance. In Figure 5 we provide link level results with combined NOMA Near/Far UE demodulation performance (sum throughput) in case of pairing of Near and Far UEs with 10 dB SNR difference For OMA curve we assume that Near UE is assigned 20% of resources for transmission and Far UE has 80% of resources.
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	Figure 5. Combined (Far + Near) performance analysis.


Observation 5: Substantial degradation of the combined NOMA performance is observed in case both Near and Far UEs use the Max-log blind detection. 

Observation 6: Although Max-Log blind detection for NOMA case is shown imperfect to detect all NOMA/OMA incidences, performance benefit from NOMA is still expected in comparison with OMA case.

Based on analysis below we can make the following conclusions:

· OMA UE should not apply blind detection of NOMA existence or should use Max-Log method for OMA/NOMA blind detection to exclude any performance degradation in non-MUST scenarios.

· NOMA Far UE should not apply blind detection of NOMA existence to avoid performance limitation.
· NOMA Near UE should not use Exp-Sum method due to unsuitability of this method for OMA UE. Therefore, it should use Max Log based blind detection method at the cost of substantial performance loss. 
So, we make the following proposal:

Proposal 2: Provide signalling to inform UE whether it is a MUST Near UE. Per-a-PRB signaling granularity is preferred.
Test B: NOMA with non-uniform power ratios 

In this section we provide our link level analysis of power offset blind detection algorithm impact on the NOMA Near UE performance in case of UE knows about existence of co-scheduled UE. We assume that BS uses power offsets that allow generating legacy constellation after superposition of two UEs. Different sets of hypothesis for power blind detection are considered (see Table 1). List of hypothesis for power Blind Detection is generated based on WF [5,6] and under assumption that different constellation points from combined constellation are not collided (i.e. for QPSK+QPSK case power offset is larger than 0.5, 16QAM+QPSK case – power offset is larger than 0.6429, 62QAM+QPSK case – power offset is larger than 0.7).

Table 1. List of hypothesis for Power BD.

	Modulation
	Correct Far UE power offset
	Set of Far UE power offset for Blind detection

	
	
	3 hypothesis
	8 hypothesis

	QPSK + QPSK
	0.8
	[0.7 0.8 0.9]
	[0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95]

	16QAM + QPSK
	0.762
	[0.7 0.762 0.9]
	[0.7 0.72 0.762 0.8, 0.85, 0.875, 0.9, 0.9]

	64QAM + QPSK
	0.7529
	[0.7529 0.8 0.9]
	[0.74 0.7529, 0.762 0.8, 0.85, 0.875, 0.9, 0.95]


In Figures 6 and 7 we provide link level simulation results with performance comparison in case of power offset is known (Genie) and in case of power offset is estimated (Blind). From these results, we can observe that using of power offset blind detection leads to small performance degradation.

	[image: image26.emf]0 5 10 15 20

0

2

4

6

8

10

12

14

SNR, dB

Throughput, Mbps

PDSCH, TM4, 2TX, 2RX, EVA-5Hz

 

 

MCS 0, Genie

MCS 0, Blind (Sum-Exp)

MCS 0, Blind (Max-Log)

MCS 10, Genie

MCS 10, Blind (Sum-Exp)

MCS 10, Blind (Max-Log)

MCS 17, Genie

MCS 17, Blind (Sum-Exp)

MCS 17, Blind (Max-Log)



	[image: image27.emf]-4 -2 0 2 4 6 8 10 12 14 16

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

SNR, dB

Average power estimation error

PDSCH, TM4, 2TX, 2RX, EVA-5Hz

 

 

MCS 0, Blind (Sum-Exp)

MCS 0, Blind (Max-Log)


	[image: image28.emf]4 6 8 10 12 14 16 18 20 22 24

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

SNR, dB

Average power estimation error

PDSCH, TM4, 2TX, 2RX, EVA-5Hz

 

 

MCS 10, Blind (Sum-Exp)

MCS 10, Blind (Max-Log)


	[image: image29.emf]8 10 12 14 16 18 20 22 24 26 28

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

SNR, dB

Average power estimation error

PDSCH, TM4, 2TX, 2RX, EVA-5Hz

 

 

MCS 17, Blind (Sum-Exp)

MCS 17, Blind (Max-Log)



	Figure 6. Power BD impact on NOMA Near UE performance (3 hypothesis).
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	Figure 7. Power BD impact on NOMA Near UE performance (8 hypothesis).


Observation 7: Minor performance degradation (about 0.2 dB) is observed in case that a far UE power blind detection is used under the given RAN4 study scenario with a single layer.

The results in Figure 7 shows that UE blind detection on power ration may be feasible under some of limited cases. The good detection performance is achieved when NOMA transmission structure gets simple such that a far UE constellation restriction to QPSK and the number of layer or the number of UEs restriction. In fact, it is hard to investigate every NOMA usecases regarding power ratio, firstly we would like to ask if it is possible to state such use case restriction in RAN1 spec based on RAN4 observations.
Proposal 3: Although we observe that UE blind detection on power ration may be feasible under some of limited cases, RAN4 needs to further investigate on possible scenarios. In the meantime, saying the blind detection is concluded feasible, RAN4 working assumptions and restrictions must be stated in the specs properly.
Another factor to be taken into account is the blind detection complexity. The amount of power offset hypothesis would have direct impact on the implementation complexity. In case no signalling is provided it is reasonable to restrict the number of power offset hypothesis by up to 3.

Proposal 4: In case the network assistance on the power offset is not provided, the amount of hypothesis for power ratio blind detection should be limited by 3.

5. Conclusions

In this contribution, we discuss about parameter signalling needs on multi users scheduling in MuST scenarios. Also Our analysis on MuST UE performances are shared.
Observation 1 : eNB’s transmission parameter signaling in an intra cell is easier than inter-cell use cases. Since the MU are scheduled in a same BS, the eNB can signal the scheduling and MuST parameters. 

Proposal 1 : Complexity of UE blind detection algorithms must properly be taken into account for blind detection feasibility discussion. Sum-exp algorithm is too complex when considering multiple NOMA hypothesis with various power ratios.

Observation 2: OMA scenarios can be detected without error by the Max-Log blind detection method. It is observed that Sum-Exp method causes OMA UE performance degradation reaching up to 7dB.

Observation 3: For NOMA scenarios, Sum-rate method shows relatively fair detection performance comparing to the max-log method. (i.e. inverse effect in comparison with OMA scenarios).
Observation 4: For NOMA scenarios, a Far UE performance must be restricted to apply OMA/NOMA blind detection. Otherwise, the far UE misleads to wrong UE behavior. (Our working assumption in Figure 4 is that the far UE mistakenly detect itself as a near UE).

Observation 5: Substantial degradation of the combined NOMA performance is observed in case both Near and Far UEs use the Max-log blind detection. 

Observation 6: Although Max-Log blind detection for NOMA case is shown imperfect to detect all NOMA/OMA incidences, performance benefit from NOMA is still expected in comparison with OMA case.

Proposal 2: Provide signalling to inform UE whether it is a MUST Near UE. Per a PRB signaling granularity is preferred.
Observation 7: Minor performance degradation (about 0.2 dB) is observed in case that a far UE power blind detection is used under the given RAN4 study scenario with a single layer. 

Proposal 3 : Although we observe that UE blind detection on power ration may be feasible under some of limited cases, RAN4 needs to further investigate on possible scenarios. In the meantime, saying the blind detection is concluded feasible, RAN4 working assumptions and restrictions must be stated in the specs properly. 
Proposal 4: In case the network assistance on the power offset is not provided, the amount of hypothesis for power ratio blind detection should be limited by 3 hypothesises.
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Annex A – Simulation assumptions
Simulation assumptions are presented in Table 2.

Table 2. Simulation assumptions

	Parameter
	Value

	TX parameters

	Channel
	EVA-5Hz

	System bandwidth
	10 MHz

	Transmission mode
	TM4, rank 1

	Antenna configuration
	2x2, Low Correlation

	HARQ modelling
	No HARQ

	Tx EVM
	3.5%

	RX parameters

	Channel and noise estimation
	Practical

	Blind detection of presence and power offsets
	Granularity: 1 PRB 
Algorithms: Max-Log and Sum-exp based

	Demodulation
	OMA case: MMSE-IRC
NOMA case: R-ML
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