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1   Background
During the discussion on MUST case 1 and case 2 in RAN4 #82, many agreements were achieved [1] as following,

· MUST Case 1 and Case 2

· No new test on far UE decoding performance 

· No new test for starting OFDM symbol
· No new test on PDCCH decoding performance 

· Introduce test cases to cover 
· Transmission modes: 

· TM2 and TM4

· TM3 is FFS

· Near UE modulation levels: 

· At least QPSK and 16QAM

· Different rank combinations of near and far UEs

· Option 1: Both rank-1

· Option 2: Both rank-2

· Option 3: Near UE rank-2 and far UE rank-1

· With and without p-a-must configuration
· MUST Case 1 and Case 2

· Companies are also encouraged to provide views on the following parameters
· MCS level
· Exact values of p-a and p-a-must
· Random or fix power ratio 

In this paper, we further discuss the test case for MUST Case 1& Case 2 and provide the view on those test cases.
2   Discussion 
2.1   Number of layers supported
The agreements for the number of superposed UEs and layers supported by superposed UEs were listed in the following,
· For Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported;

· For MUST case 1 and case 2, up to 2 spatial layers for each UE are used.
Base on RAN1 agreements, there are four possible co-scheduled cases, i.e. 

· Near UE with 2 layers, far UE with 2 layers;

· Near UE with 2 layers, far UE with 1 layers;

· Near UE with 1 layer, far UE with 2 layers;

· Near UE with 1 layer, far UE with 1 layer.

However, there is no power allocation scheme for the 1 layer near UE with 2 layer far UE. RAN4 test cases should cover the other 3 cases to ensure the performance of different co-scheduled cases.
Proposal 1: Define test cases to cover the following three co-scheduled cases.

· Near UE with 2 layers, far UE with 2 layers;

· Near UE with 2 layers, far UE with 1 layers;
· Near UE with 1 layer, far UE with 1 layer.
2.2   Power ratio

There are several agreements [3] for power ration in RAN1 which are listed in the following,
· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation

· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation

· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation

· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation

· The power ratios for different modulation combination are 

· { 8/10, 50/58,  264.5/289}  for  QPSK+QPSK

· { 32/42, 144.5/167, 128/138}   for 16QAM+QPSK

· {128/170, 40.5/51, 288/330}   for  64QAM+QPSK

In Figure 1, we give the simulation results with different power ratios. The simulation assumptions are provided in table 1 in appendix. From the simulation results, the significant performance gap (about 2dB) can be observed among different power ratios while keeping the others assumptions consistent.
Observation 1: There is about 2dB performance gap between adjacent power ratios.
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Figure 1 Simulation results for different power ratios
The first power ratio in each modulation combination aims to meet the first agreements, i.e. the superposed constellation based on the first power ratio in each constellation combination is a legacy constellation. Existing test cases in specification 36.101 have been defined to verify the UE performance with 16QAM, 64QAM and 256 QAM. So only from the view of power ratio, RAN4 should give priority to the last two power ratios.

Except the first power ratio, new test cases are needed to cover the remaining power ratio, because different power ratio affects near UE’s performance greatly.
Proposal 2: Define test case to cover the following power ratios 
· {50/58,  264.5/289}  for  QPSK+QPSK

· {144.5/167, 128/138}   for 16QAM+QPSK

· {40.5/51, 288/330}   for  64QAM+QPSK

2.3   Power allocation
The agreements on power allocation captured in RAN1 are listed as following,
· A new higher layer parameter PA_MUST is introduced for UEs with MUST Case1&2 configuration 

· If existence of MUST interference is indicated by eNB, the power of MUST near UE’s PDSCH is derived from PA_MUST, where PA_MUST corresponds to the total EPRE to the CRS EPRE ratio of the PDSCHs for MUST-far and MUST-near UE in OFDM symbols without CRS. PA_MUST candidates are the same as the legacy PA. 

· Otherwise, legacy PA is applied to derive the MUST near UE’s PDSCH power 

· If the new higher layer parameter PA_MUST is not configured for a MUST near UE with MUST Case1&2 configuration, legacy PA replaces PA_MUST

· In case of MUST Case 1 operation, when MUST near UE is rank2 and MUST far UE is rank1 transmission, the two layers of MUST near UE have the same transmission power 

· For MUST Case 1, when both MUST-near UE and MUST-far UE have Rank=2, the total Tx power is split equally between two spatial layers.
To ensure co-scheduled UEs’ performance, the transmit power could be great even though the MUST near UE locates at the cell centre. Taking into MUST-far UE power allocation, a high layer parameter PA_MUST was introduced. The legacy PA is used to inform UE the transmitting power on type A PDSCH (without CRS in the OFDM symbols). As the MUST near UE and MUST far UE share the same RE resources, the transmitting power in legacy PA and PA_MUST are consistent. From this view, there is no demodulation performance difference between using PA_MUST and PA. However, PA is high layer signalling, UE can’t obtain the power allocation information timely if MUST operation is configured which could generate performance degradation. Base on RAN1 conclusion, whether the co-scheduled UE exists or not can be obtained via decoding DCI information. If PA_MUST is configured, UE can replace PA with PA_MUST in time while the co-scheduled UE existing which could not induce performance degradation due to the power allocation mismatch. 
Base on the above discussion, we propose 

Proposal 3: New demodulation tests are needed to distinguish whether the high layer parameter PA_MUST is configured or not.
2.4   Transmission mode and Tx number
Base on RAN1 conclusion achieved in RAN1#85, the supporting maximum Tx number is 2, and the supporting transmission modes are TM 2/3/4.
· MUST Case 1 and Case 2 using up to 2Tx is supported in the following TMs

· TM 2/3/4
Proposal 4: Test case of MUST case 1 and case 2should cover TM2/3/4 with 2Tx.
2.5   Tx EVM

In figure 2, we provide the simulation results for the near modulation order 64QAM with EVM=6% and EVM=3% respectively.  The corresponding simulation assumptions are provided in appendix table 2. From the simulation results, it can be observed that there is little performance gap between EVM=6% and EVM=3%.

Observation 2: there is little performance gap between EVM=6% and EVM=3% for near modulation order 256QAM.
Considering the existing LTE requirements were defined with the simulation assumption Tx EVM=6% and the test equipments were also designed with Tx EVM=6%, Tx EVM=6% is proposed to define requirements.
[image: image2.png]Throughput(Mbps)

64QAM MCS=20,TM4 near Rank=2 & far Rank=1





Figure 2 simulation results for different EVM
Proposal 5: Define MUST Case 1/2 requirements based on the simulation assumption Tx EVM=6%.
3   Conclusion

In this paper, we provide the view on test cases for MUST case1 and case2 based on RAN1 conclusions. The proposals are:
Observation 1: there is about 2dB performance gap between adjacent power ratios.
Observation 2: there is little performance gap between EVM=6% and EVM=3% for near modulation order 256QAM.
Proposal 1: Define test cases to cover the following three co-scheduled cases.

· Near UE with 2 layers, far UE with 2 layers;

· Near UE with 2 layers, far UE with 1 layers;
· Near UE with 1 layer, far UE with 1 layer.

Proposal 2: Define test case to cover the following power ratios 
· {50/58,  264.5/289}  for  QPSK+QPSK

· {144.5/167, 128/138}   for 16QAM+QPSK

· {40.5/51, 288/330}   for  64QAM+QPSK

Proposal 3: New demodulation tests are needed to distinguish whether the high layer parameter PA_MUST is configured or not.
Proposal 4: Test case of MUST case 1 and case 2should cover TM2/3/4 with 2Tx.
Proposal 5: Define MUST Case 1/2 requirements based on the simulation assumption Tx EVM=6%.
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5   Appendix

Table 1

	Parameter 
	Unit 
	Value 

	Bandwidth 
	MHz 
	10 

	Duplex mode 
	
	FDD 

	Cyclic Prefix 
	
	Normal 

	Cell_ID 
	
	0 

	Cell-specific reference signals 
	
	Antenna ports 0,1 

	Propagation Condition 
	
	EVA5 

	Correlation Matrix and Antenna Configuration 
	
	2x2 Low 

	Subframe # with PDSCH 
	
	#1, 2, 3, 4, 6, 7, 8, 9 

	Number of HARQ processes per component carrier 
	Processes 
	8 

	Maximum number of HARQ transmission 
	
	4 

	Redundancy version coding sequence 
	
	{0,1,2,3} for QPSK and 16QAM 
{0,0,1,2} for 64QAM 

	Number of OFDM symbols for PDCCH 
	OFDM symbols 
	2 

	MCS
	
	10


Table 2

	Parameter 
	Unit 
	Value 

	Bandwidth 
	MHz 
	10 

	Duplex mode 
	
	FDD 

	Cyclic Prefix 
	
	Normal 

	Cell_ID 
	
	0 

	Cell-specific reference signals 
	
	Antenna ports 0,1 

	Propagation Condition 
	
	EVA5 

	Correlation Matrix and Antenna Configuration 
	
	2x2 Low 

	Subframe # with PDSCH 
	
	#1, 2, 3, 4, 6, 7, 8, 9 

	Number of HARQ processes per component carrier 
	Processes 
	8 

	Maximum number of HARQ transmission 
	
	4 

	Redundancy version coding sequence 
	
	{0,1,2,3} for QPSK and 16QAM 
{0,0,1,2} for 64QAM 

	Number of OFDM symbols for PDCCH 
	OFDM symbols 
	2 

	MCS
	
	20

	Power ratio
	
	40.5/51

















































































































































































































































































































