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1. Introduction
The new MUST WID [1] was approved in RAN #71 meeting and updated in [2] in RAN #72. Core requirements for MUST had been completed in RAN#74 meeting.
In this contribution, we provide views on RAN4 performance requirements according to agreements on MUST core part.
2. Discussion
2.1 Summary of agreements on MUST
The agreements for MUST operation case 1 and 2 are summarized as follows. 
· For MUST case 1 and case 2, specify the text to achieve Gray-mapped composite constellation for superposed users

· To cancel or suppress interfering PDSCH, MUST UE assumes the same starting OFDM symbol of interfering PDSCH as its own PDSCH

· MUST operation with RA alignment of interference within near-UE allocation is supported for cases 1 and 2
· The following field are 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


· 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

· 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

· 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

· 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 

· In RAN1 MUST Case 1/2 performance evaluations, the existing 8% Tx EVM has been assumed for macro (c.f. TR 36.859)

The agreements for MUST operation case 3 are summarized as follows. 
· For MUST Case 3, the assistance information about the interfering UE(s) consists of 

· Interference existence  

· Modulation order

· In DMRS based transmission scheme of MUST Case 3, the following assumptions are made by UE for co-scheduled DMRS ports

· Same nSCID
· Same [image: image1.wmf])
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· Same OCC length

· For MUST Case 3 

· Assistance information for up to k_max interfering spatial layers is provided

· k_max = 1 or 3, which is configured by RRC-layer signaling

· Note: k_max doesn’t imply the number of interfering spatial layers UE should cancel

· MUST operation with RA alignment of paired UEs is supported for case 3

· For MUST Case 3, the following operation is supported

· Within the allocated resource, MOD and existence status of interference on an antenna port with signaled assistance information is consistent

· Single DCI by adding bits of signaled assistance information in the self DCI is supported

· For DCI formats 2C and 2D and Rel-13-DMRS-table=1

· When k_max=1, total 4 bits are added to carry assistance information

· 2 bits (denoted as B) with the message provided in Table 2 in R1-1613616
· 2 bits for MOD of the single interfering layer

· 00: QPSK

· 01: 16QAM

· 10: 64QAM

· 11: 256QAM

· When k_max=3, total 6 bits are added to carry assistance information for predefined ordered antenna ports of interfering layers provided in Table 3 in R1-1613616
· The assistance information for each port is represented with 4 states

· State 1: no interference presence 

· State 2: interference present with QPSK

· State 3: interference present with 16QAM

· State 4: interference present with 64QAM or 256QAM

· Total 64 states are required when number of layers of desired signal=1 and OCC length=4

· Total 16 states are required when number of layers of desired signal=2 and OCC length=4

· Total 4 states are required when number of layers of desired signal=1 and OCC length=2

· For DCI format 2B or Rel-13-DMRS-table not configured or Rel-13-DMRS-table=0

· UE expects k_max = 1 in this case

· 2 bits are added to carry assistance information for predefined antenna port of interfering layer provided in Table 1 in R1-1613616
· 00: No interference presence

· 01: MUST interference is present with QPSK

· 10: MUST interference is present with 16QAM

· 11: MUST interference is present with 64QAM or 256QAM

In addition MUST operation is configured by RRC signaling and dynamic switching between MUST and non-MUST operation is supported.
2.2 UE demodulation tests for MUST case 1 and case 2
According to RAN1 agreement, Gray-mapped composite constellation is specified for superposed users for MUST case 1 and case 2. The modulation combination includes QPSK+QPSK, 16QAM+QPSK and 64QAM+QPSK (MUST near UE + MUST far UE). Since the new introduced composite constellation is only for MUST UE, all of the modulation combination should be tested to verify MUST UE behavior. It seems at least 3 tests are needed for MUST case 1 and Case 2 from composite constellation perspective.
To signal the MUST interference existence and power ratio of interfering MUST far UE, 2 bits field are additionally defined in legacy DCIs including DCI 1, DCI 2 and DCI 2A. UE should monitor and decode the modified DCI if UE is configured in MUST operation by RRC signalling. The UE behaviour to decode the different DCIs would be the same. However the three DCIs correspond to different transmission mode TM2, TM4 and TM3 respectively. As at least 3 tests to be introduced the three different transmission modes should be tested.
Proposal 1: Define at least 3 test cases for TM2, TM3 and TM4 respectively with different modulation combination for MUST case 1 and case 2.
RAN1 agreed MUST UE assumes the same starting OFDM symbol of interfering PDSCH as its own PDSCH. It is also agreed MUST operation with RA alignment of interference within near-UE allocation is supported for cases 1 and 2. Therefore RA alignment and PDSCH alignment of interfering MUST far UE and MUST near UE should be configured in the test.
There are 3 power ratios for each modulation combination. It is not necessary to test all of the power ratios. How to choose the power ratio in the test for one modulation combination would be based on the link level simulation results.
A new higher layer parameter PA_MUST is introduced for UEs with MUST Case 1 and case 2 configuration. UE should be able to apply this parameter PA_MUST correctly. If PA_MUST is not configured for a MUST near UE with MUST Case 1 and case 2 configurations, legacy PA replaces PA_MUST. UE behavior to use this new high layer parameter should be tested by selecting appropriate PA_MUST.
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, 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. Depends on rank of interfering MUST far UE and MUST near UE, which would be rank 1 + rank 1, rank 1 + rank 2 and rank 2 + rank 2, there are 3 different power splitting schemes.  In the 3 tests different power splitting scheme could be configured.
In order to reduce test number, it is better to test all the UE behaviours in the performance tests. Link simulation evaluation is needed to select appropriate parameters.
Proposal 2: FFS on test parameters with link level evaluation.
In RAN1 MUST Case 1/2 performance evaluations, the existing 8% Tx EVM has been assumed for macro. The RAN4 assumption on Tx EVM for demodulation performance is tighter than RAN1 assumption, so there is no need to tighten Tx EVM when defining RAN4 performance requirements.
Proposal 3: Tx EVM is not tightened when defining RAN4 performance requirements.
2.3 UE demodulation tests for MUST case 3
There are also 3 DCI formats, DCI 2B, DCI 2C and DCI 2D are supported for MUST case 3. It means TM8/9/10 are supported for MUST case 3. Depending on different DCI formats, Rel-13-DMRS-table and number of interfering spatial layers k_max, different number of bits, 2bits, 4bits or 6bits are added to carry assistance information of interference presence, interference modulation order and antenna ports. Since different number of bits carry different assistance information, tests should be defined for verify UE behavior to decode and apply the assistance information with different number of added bits. From test coverage point of view, it might be better to cover all the transmission modes which are supported for MUST case 3.
Proposal 4: Define 3 test cases for the 3 different additional added assistance information bits (2bits, 4bits and 6bits) for MUST case 3. It would be better to cover TM8, TM9 and TM10 in the tests.
For MUST case 3, interference presence and modulation order of interfering UEs are carried in the assistance information, R-ML receiver can be used without blind detection. As R-ML receiver outperforms E-MMSE-IRC receiver in most of the cases, R-ML receiver should be used as reference receiver.

Proposal 5: R-ML is used as reference receiver.
3. Conclusion
In this contribution, we provided our views on RAN4 performance requirements on MUST. Following proposals are present.
Proposal 1: Define at least 3 test cases for TM2, TM3 and TM4 respectively with different modulation combination for MUST case 1 and case 2.
Proposal 2: FFS on test parameters with link level evaluation.
Proposal 3: Tx EVM is not tightened when defining RAN4 performance requirements.
Proposal 4: Define 3 test cases for the 3 different additional added assistance information bits (2bits, 4bits and 6bits) for MUST case 3. It would be better to cover TM8, TM9 and TM10 in the tests.
Proposal 5: R-ML is used as reference receiver.
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