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1   Background
In RAN1 #87, the WI [1] core part for MUST was finalized. In this contribution, we provide our view on RAN4 test cases for MUST Case 1 and Case 2 based on RAN1 conclusion. 
2   Discussion 
2.1   Test object
The object of MUST is allowing multiple users to share the same resource elements without spatial separation, and allowing improving the MU system capacity for networks. So the performance of co-scheduled UEs should be verified.  For the near UE, it needs to cancel up to two layers interference which needs new test cases to ensure the near UE’s ability and performance. From RAN1#85 agreements [2], we observed that far UE’s modulation order is limited to QPSK, so the far UE with MMSE receiver at high power ratio might provide the comparable performance compared to single UE with little performance loss because of the interference induced by MUST near UE. As the MMSE performance of decoding QPSK with interference has been verified, no test is needed to verify the MUST far UE performance.
Proposal 1: Test cases are needed for near UE while no test is needed to verify the MUST far UE performance.
2.2   Number of superposed UEs and 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 2: Define test cases for the following three co-scheduled cases respectively.

· 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.

2.3   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

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, the first power ration in each constellation combination doesn’t need test case.
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.
The reference receiver for the third constellation combination especially with 2 layers should take the test complexity and time into account.
Proposal 3: Define test case for the following power ration

· {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 4: The reference receiver for the 64QAM+QPSK combination especially with 2 layers should take the test complexity and time into account.

2.4   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 5: New demodulation tests are needed to distinguish whether the high layer parameter PA_MUST is configured or not.
2.5   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 6: Define requirements for TM2/3/4 with 2Tx.
2.6   DCI

The co-scheduled information for MUST near UE is additionally defined in the following legacy DCIs.

· For DCI format 1: the 2bit field for MUST interference existence and power ratio.

· For DCI format 2A: the 2bit field for MUST interference existence and power ratio.

· For DCI format 2: the 2bit field per layer for MUST interference existence and power ratio.
Table 1. 2bits field for MUST interference existence and power ratio

	Value
	Description

	0
	No MUST interference present

	1
	First power ratio is used

	2
	Second power ratio is used

	3
	Third power ratio is used


As the PDCCH miss detection probability is derived by the ACK/NACK, the PDCCH performance can be verified through PDSCH test.

 Proposal 7: No new demodulation test is needed for the DCI format 1/2A/2 with additional 2 bits.
2.7   Tx EVM

In RAN1 MUST Case 1/2 performance evaluations, the existing 8% Tx EVM has been assumed for macro [4]. 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.
Proposal 8: 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:

Proposal 1: Test cases are needed for near UE while no test is needed to verify the MUST far UE performance.

Proposal 2: Define test cases for the following three co-scheduled cases respectively.

· 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 3: Define test case for the following power ration

· {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 4: The reference receiver for the 64QAM+QPSK combination especially with 2 layers should take the test complexity and time into account.

Proposal 5: New demodulation tests are needed to distinguish whether the high layer parameter PA_MUST is configured or not.
Proposal 6: Define requirements for TM2/3/4 with 2Tx.
Proposal 7: No new demodulation test is needed for the DCI format 1/2A/2 with additional 2 bits.
Proposal 8: Define MUST Case 1/2 requirements based on the simulation assumption Tx EVM=6%.
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