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1
Introduction 
Starting from RAN1#84b and RAN4#79 meetings, a lot of progress has been achieved in the work item Downlink Multiuser Superposition Transmission for LTE [1]. In this paper, we summarize the current status in both RAN1. Then, we provide our views on the test case design in RAN4 performance part.

2
Summary of RAN1 agreements
In this section, we provide a shortened summary of RAN1 agreements. (In the appendix, we capture the original agreements in RAN1.)
· General issues

· A UE is signaled by RRC if it is to be configured for potential MUST operation

· Dynamic switching between MUST and non-MUST operation is supported
· MUST UE assumes the same starting OFDM symbol of interfering PDSCH as its own PDSCH
· DCI design
· In addition to assistance information, all legacy DCI contents should be able to be signaled to MUST UE.
· At least one new DCI is to be monitored by a UE once configured into MUST operation

· MUST Case 1 and 2

· Supporting TM: TM2, TM3 and TM4

· Supporting Tx number: 2

· Far UE modulation order is limited to QPSK.

· 3 power ratio levels are supported for each modulation order combination

· { 8/10, 50/58, 264.5/289} for QPSK(MUST-near)+QPSK(MUST-far)

· { 32/42, 144.5/167, 128/138} for 16QAM(MUST-near)+QPSK(MUST-far)

· {128/170, 40.5/51, 288/330} for 64QAM(MUST-near)+QPSK(MUST-far)

· Up to 2 spatial layers for each UE
· Up to 2 co-scheduled UEs per spatial layer
· Assistance signaling
· For MUST Case 1, the information of “existence of MUST interference” and “power ratio” are provided for each spatial layer
· For MUST Case 2, “existence of MUST interference” and “power ratio” are signaled

· 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

· MUST operation with RA alignment of interference within near-UE allocation is supported
· Single DCI by adding bits of wideband power ratio and interference presence in the self DCI is supported
· MUST Case 3 

· Supporting TM: TM8, TM9 and TM10

· There is no consensus to support Case 3 for CRS-based TMs
· Up to 2 co-scheduled UEs for 2Tx and 4 co-scheduled UEs for 4/8Tx
· Support multiuser superposition transmission at least with orthogonal DMRS ports
· FFS non-orthogonal ports
· The maximum number of spatial layers for a UE should be limited, with details FFS
3
Discussion on RAN4 test case design

There are still many open issues waiting for RAN1 discussion/decision in RAN1#87 meeting. And those RAN1’s decision could bring some impact on the test scope and detail test case design. In the following, we try to discuss the impact of current RAN1 decision to test case design.

1. According to RAN1’s discussion so far, far UE could be legacy UE which requires no additional information for demodulation in MUST Case 1 and Case 2. Thus, MUST test case can only focus on near UE.
Observation 1: No new test on far UE in MUST Case 1 and 2.
2.
After MUST is enabled through RRC configuration, UE monitors an extended DCI with additional bits carrying assistance information. For MUST Case 1 and 2, there is no need for UE to perform blind detection on either existence or power ratio. UE switches between NOMA and SU-MIMO purely according to the indication of DCI. Therefore, introducing a minimum performance requirement for robustness in an SU-MIMO environment is not necessary. RAN4 can further study if a functional test is required. In MUST Case 3, whether UE needs to perform blind detection for switching between MU-MIMO and SU-MIMO is still up to RAN1’s decision.
Observation 2: In MUST Case 1 and 2, UE does not need to perform blind detection on existence or power ratio. Introducing a minimum performance requirement for robustness in an SU-MIMO case is not necessary. RAN4 can further study if a functional test is required.
Observation 3: In MUST Case 3, the need of robustness test is pending on RAN1’s conclusions.

3. RAN1 agreed that UE should assume the same starting OFDM symbol for its desired PDSCH and interfering PDSCH. Since no new signaling or new UE behavior is introduced based on this agreement, there is no need to have a new test for this issue. Actually, a UE which adopts a different starting symbol assumption on interfering PDSCH is equivalent to the case where UE has interference existence detection error on some REs. In our previous paper [7], we have shown that existence detection error has huge impact on throughput performance. Therefore, the verification of this starting symbol behavior, if needed, can be done in other performance tests.
Observation 4: No additional test for starting OFDM symbol.
4. Tests need to cover different supported TM, modulation order, power ratios. Furthermore, in MUST Case 1, there are 3 possible combinations for the ranks of desired PDSCH and interfering PDSCH as shown in Table 1. (Note we do not consider the can where desired PDSCH is rank-1 and interfering PDSCH is rank-2. A rank-1 near UE is not expected to cancel any other intra-cell interference on other spatial layer, because MU-MIMO is not supported in CRS-based TM in Rel-14 MUST.)
Table 1. Combinations for the ranks of desired PDSCH and interfering PDSCH

	
	Desired PDSCH
	Interfering PDSCH

	Rank combination
	1
	1

	
	2
	1

	
	2
	2


In MUST Case 1 and 2, although there are various test setting differences, 3 tests are sufficient to cover all of them, as shown in Table 2. 

Table 2. Suggested three test cases

	
	TM
	Rank of desired PDSCH
	Rank of interfering PDSCH
	Modulation order of desired PDSCH
	Power ratio

	Test 1
	2
	1
	1
	64QAM
	Random on all values

	Test 2
	3
	2
	2
	QPSK
	

	Test 3
	4
	2
	1
	16QAM
	


Based on our previous simulation result [6], QPSK is very robustness to power ratio detection error. Therefore, RAN4 may need to further adjust the MCS and/or change the probability of each power ratio to better verify UE’s behavior in Test 2.
Test 3 has the rank-2 on desired PDSCH and rank-1 on interfering PDSCH. Therefore, the UE behavior “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” can be verified.

Observation 5: Three tests in MUST Case 1 and Case 2 are sufficient to cover various setup on TM, modulation, rank and power ratios.
5. In MUST Case 1 and 2, there are still some open issues about RA alignment to be discussed in RAN1. RAN4 may need to take into account RAN1’s conclusions when designing test cases.
6. MUST Case 3 is to be supported in TM8, TM9 and TM10. Since TM8 and TM9 are in general the same from the demodulation aspect, we can skip the test for TM8. 
As for TM10, in our opinion, RAN4 does not need to consider QCL type B concurrently with MUST. QCL type B is typically used to allow dynamic point switch for cell-edge UEs, which are very unlikely to be paired with any intra-cell interference in MU-MIMO. Thus, only QCL type A needs to be considered. 
However, the main difference between TM9 and TM10 with QCL type A is on the CSI reporting part. TM10 UE needs to use IMR for interference measurement, while TM9 UE is still based on CRS. Such a difference in CSI does not justify the need to introduce a MUST Case 3 test in TM10. Therefore, the test for TM10 with QCL type A is not needed. Based on above discussion, we suggest defining test only in TM9 for MUST Case 3.

Observation 6: Tests only need to be defined in TM9 for MUST Case 3.
6. For MUST Case 3, RAN4 just sent a reply LS on feasibility study of interference parameter blind detection to RAN1 in the last meeting. How RAN1 will interprets RAN4’s conclusions is still on known, especially for 

· the reference receiver, which will impact the decision on the need of assistance information on interference modulation 
· the need of assistance information on interference existence (for OCC2 and OCC4)

· the number of spatial layers to be handed by 2Rx (and 4Rx UE).

· the use of non-orthogonal DMRS port

Therefore, it is still too early to discuss the test case design at this moment. Further discussions are expected after RAN1 closes the core part.
Observation 7: Further discussions on the test case design for MUST Case 3 are expected after RAN1 closes the core part.
4
Summary 
In this paper, we provide a summary on RAN1’s agreement on MUST as well as their impact on RAN4 test case design. We have the following observations:
Observation 1: No new test on far UE in MUST Case 1 and 2.
Observation 2: In MUST Case 1 and 2, UE does not need to perform blind detection on existence or power ratio. Introducing a minimum performance requirement for robustness in an SU-MIMO case is not necessary. RAN4 can further study if a functional test is required.
Observation 3: In MUST Case 3, the need of robustness test is pending on RAN1’s conclusions.

Observation 4: No additional test for starting OFDM symbol.
Observation 5: Three tests in MUST Case 1 and Case 2 are sufficient to cover various setup on TM, modulation, rank and power ratios.
Observation 6: Tests only need to be defined in TM9 for MUST Case 3.
Observation 7: Further discussions on the test case design for MUST Case 3 are expected after RAN1 closes the core part.
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Appendix – RAN1 and RAN4 agreements in each meeting.

In this appendix, we capture RAN1 agreements in each meeting. 

RAN1#84b:

	Agreement:
· For Case 1 and 2 described in MUST WID,  

· MUST-Far UE’s modulation order is limited at least to QPSK when it is co-scheduled with MUST-Near UE in a given subframe

· FFS whether or not to support 16QAM for MUST-Far UEs

· More study is necessary

· For Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported

· For Case 1 & 2, MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported

· One or more transmission power ratios for each constellation combination are supported

· FFS: The number of multiple power ratios is down-selected from 1 to 8

· 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

· If 2 or more power ratios are supported, the other multiple transmission power ratios for a MUST-far UE in each constellation combination can be selected from the following value ranges:

· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratio range as a starting point is [0.6, 0.95]

· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]

· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]

· FFS the impact if 16QAM for MUST-Far UE is supported 

· For further down-selection on the set of transmission power ratios, companies are encouraged to provide the scheduling PDF of power ratios and the corresponding performance for different sets of power ratios

· For all MUST evaluations (cases 1, 2 & 3):

· For 2Tx & Case 1 and 2, up to two co-scheduled UEs per spatial layer are considered

· For 2Tx & Case 3, up to two co-scheduled UEs within a cell are considered

· For 4/8Tx & Case 3, up to four co-scheduled UEs within a cell are considered

· For MUST case 1 and case 2, the candidate assistance information for signalling or blind detection by the MUST-near UE include:

· Existence of MUST interference per spatial layer 

· Transmission power allocation per spatial layer of its PDSCH and of the MUST-far UE’s PDSCH

· Modulation order of each codeword of MUST paired UE’s PDSCH

· This information is only needed if modulation order of MUST-far UEs is not limited to QPSK

· For MUST case 3, in addition to the above:

· PMI or DMRS port/sequence of the MUST-paired UE

· Each of the above may be either:

· per PRB, or

· per group of PRBs, or

· single value across the UE’s scheduled bandwidth


RAN1#85

	Agreement:

· For Case 1 and 2 described in MUST WID, Far UE’s modulation order is limited to QPSK when it is co-scheduled with near UE in a given subframe.

Agreement:

· For MUST Case 1 and Case 2, multiple power ratios are supported at least for some combinations of MUST-near UE and MUST-far UE modulation orders 

· For case 3, FFS

Agreement:

· For Case 1 and 2, and for each combination of modulation order,  

· The number of power ratios generating non-uniform composite constellation should be chosen from 0 (for some combinations, if any), 1, 2 or 3.

· The details are FFS.

· Power ratios generating non-uniform composite constellation should be selected from the range [0.7, 0.95].

· The values of power ratio is FFS.

· 0.7 should be excluded in case of 64QAM (for near UE) + QPSK (for far UE).

Agreement:

· No new TM for MUST

· MUST Case 1 and Case 2 using up to 2Tx is supported in the following TMs

· TM 2/3/4

· FFS TM 8/9/10

· A UE is signalled by RRC if it is to be configured for potential MUST operation

· FFS MUST Case 3 using up to 8Tx is supported in the following TMs

· TM 4/8/9/10

· Companies are encouraged to perform more evaluations especially using the agreed FTP model

· At least one new DCI is to be monitored by a UE once configured into MUST operation

· FFS on details 

· FFS MUST-near UE may assume MUST interference presence/absence is consistent among all of its scheduled PRBs for CRS-based TM and DMRS-based TM

Agreement:

· For MUST case 1/case 2/case 3, dynamic switching between MUST and non-MUST operation is supported

· Maximum number of spatial layers for MUST 

· For MUST case 1 and case 2, up to 2 spatial layers for each UE are used.

· For MUST case 3, the maximum number of spatial layers for a UE should be limited, with details FFS.




RAN#86

	Agreement:
· For Case 1/2, numbers of power ratios should be decided based on system level simulation and analysis:

· For QPSK + QPSK, number of power ratios is to be selected from 2/3/4 

· For QPSK + 16 QAM, number of power ratios is to be selected from 2/3/4

· For QPSK + 64 QAM, number of power ratios is to be selected from 1/2/3/4

Agreements:
· For Gray-mapped composite constellation:
· Alt 1: Bit-level Gray conversion is specified
· Alt 2: Symbol-level Gray conversion is specified

· Alt 3: up to implementation (where the bits are mapped to the composite-constellation)
· Down-select one alternative till next meeting
Agreement:
· Consider the following options for providing MUST-near UE co-schedule information

· Alt 1. Single DCI by adding bits in the self DCI

· FFS details (particularly regarding RA alignment)

· Alt 2. Use common companion DCI to carry all MUST-far UE information

· FFS details (particularly regarding RA alignment)

· Alt3. Use user-specific companion DCI to carry all MUST-far UE information within near-UE allocation

· FFS details (particularly regarding RA alignment)

· Other alternatives are not precluded

· FFS the number of blind decodes

· Down-select one option until next meeting

Agreements:
· The following assistance information is provided to MUST-near UE

· For CRS based transmission schemes in MUST Case 1, the information of “existence of MUST interference” and “power ratio” is provided for each spatial layer

· For MUST Case 2, “existence of MUST interference” and “power ratio” are signaled

· FFS: how to signal “existence of MUST interference” (particularly the granularity) and “power ratio”

Agreements:
· A new DCI should follow the design principles

· In addition to assistance information, all legacy DCI contents should be able to be signaled to MUST UE.

Agreements:
· For DMRS based Case 3, support multiuser superposition transmission with orthogonal ports

· FFS non-orthogonal ports

Agreements:
· The starting symbol of interfering PDSCH to be canceled or suppressed should be provided to MUST UE by one of the following the two options:  

· Option 1: it should be blindly detected or signaled (assuming potentially different starting symbols)

· Option 2: MUST UE assumes the same starting symbol of interfering PDSCH as its own PDSCH

· Down-selection till next meeting

Agreements:
· DMRS-based Case 3 is supported in 

· TM 8/9/10


RAN1#86b

	Agreements
· For MUST Cases 1 and 2, the number of power ratios is

· 3 for MOD combination of QPSK (MUST-near) + QPSK (MUST-far)

· 3 for MOD combination of 16QAM (MUST-near) + QPSK (MUST-far)

Working assumption
· 3 for MOD combination of 64QAM (MUST-near) + QPSK (MUST-far)

Agreements:
· 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 

Agreements:
·  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

· Up to editor to how to capture the values in the specification

Agreement
· For MUST case 1 and case 2, specify the text to achieve Gray-mapped composite constellation for superposed users and it’s up to editor to choose from the following references for specification

· R1-1610723
· R1-1610805
Agreements
· To cancel or suppress interfering PDSCH, MUST UE assumes the same starting OFDM symbol of interfering PDSCH as its own PDSCH

Agreements:
· MUST operation with RA alignment of interference within near-UE allocation is supported for cases 1 and 2

· single DCI by adding bits of wideband power ratio and interference presence in the self DCI is supported

· FFS case 3

· FFS MUST operation without RA alignment of interference within near-UE allocation is supported 

· two DCIs are supported

· FFS on content of two DCIs

· Aim for minimizing specification impact and reducing complexity

Conclusion

· There is no consensus in RAN1 to support Case 3 for CRS-based TMs


