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Introduction
Rel-14 MuST WI Core part was finished in RAN1#87 and RAN4#81 meetings [1]. The RAN4 #82 meeting is the first meeting of the MuST WI performance part. In this paper we provide our view of test case design and baseline receiver structure for the MuST UE demodulation performance requirements.
MuST Case 1/2 demodulation requirements
During the RAN1 work on Rel-14 MuST WI the following agreements were reached on MuST case 1/2:
	· MUST Case 1 and Case 2 is supported in TM2/3/4 using up to 2Tx
· For Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported
· For MUST Case 1 and Case 2, the following assistance information is provided to MUST-near UE by DCI
· Existence of MUST interference
· Transmission power ratio
· For Case 1 and 2, the transmission power ratios for different modulation combinations are 
· {8/10, 50/58, 264.5/289} for QPSK+QPSK
· {32/42, 144.5/167, 128/138} or 16QAM+QPSK
· {128/170, 40.5/51, 288/330} for 64QAM+QPSK
· In case of MUST Case 1 operation, when MUST near UE is rank 2 and MUST far UE is rank 1 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
· 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.
· 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



Requirements for Far and Near UE
For MuST Case 1/2 scenarios, the modulation format for the Far UE is limited by QPSK and the most part of transmit power is allocated to its transmission. Therefore, far UE can use legacy receiver without significant performance degradation. Based on these observations we propose to not specify requirements for Far UEs.
Proposal 1: For MUST Case 1/2
· Specify UE demodulation performance requirements for Near UE operation.
· Do not specify UE demodulation performance requirements for Far UE operation.
MUST Case 1/2 scenarios
In Figure 1 we provide example of possible use case for MuST case 1 and 2 scenarios in terms of the number of layers for the MUST transmission. 
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	[bookmark: _Ref473641969]Figure 1. MuST Case 1 and 2 transmission use cases.


If we take into account all possible combinations of TMs, near UE modulation formats and power ratios, then the total number of test cases can become very big. In our view, in the WI it is essential first to specify the requirements for the main scenarios with Rank 1 transmissions to the Near and Far UE. Meantime, additional studies and evaluations on other scenarios may be need in order to verify feasibility (since no studies were done in RAN4 in the WI Core part). In Table 1 we provide our view on the possible subset of test cases.
[bookmark: _Ref473642620][bookmark: _Ref473642617]Table 1. List of test cases for MuST case 1 and 2
	
	TM
	Near UE rank
	Far UE rank

	Test 1
	2
	1
	1

	Test 2
	4
	1
	1


Proposal 2: Consider the following test cases for MuST case 1/2 Near UE requirement specification:
· Test 1: TM2, Near UE Rank 1, Far UE Rank 1
· Test 2: TM4, Near UE Rank 1, Far UE Rank 1
Baseline receiver structure
During RAN4 MuST core part, R-ML receiver was assumed as the baseline receiver for the MUST Case 1/2 Near UE. Therefore, we think that for near UE requirement specification R-ML receiver should be considered as baseline.
Proposal 3: Use R-ML receiver as a baseline for MuST case 1/2 Near UE requirement specification.
Near UE modulation
Based on RAN1 agreements, Far UE modulation format is limited QPSK and Near UE modulation format is limited by {QPSK, 16QAM, 64QAM}. With regards to test coverage is can be beneficial to consider different Near UE modulation format for different tests. Our suggestion to use the following modulation formats for proposed scenarios:
· Test 1: QPSK or 16QAM
· Test 2: 64QAM
Proposal 4: Consider QPSK or 16 QAM Near UE modulation format for Test 1 and 64QAM for Test 2.
Near UE / Far UE power ratio
For each combination of Near and Far UEs modulation formats three values of power ratio were defined. We think that further study is needed to identify proper power ratio value for MuST case 1/2 requirements definition.
Proposal 5: Further study on power ratio value for MuST case 1/2 requirements definition.
New higher layer parameter PA_MUST
In RAN 1 new high layer parameter PA_MUST was introduced. The reason to define new high layer parameter was that:
· dynamic switching between MUST and non-MUST operation is supported 
· using of single (legacy) PA value for MUST and non-MUST case is not optimal with respect to system performance.
So, from RAN4 perspective we need to ensure that near UE is capable to use PA_MUST. Based on this, we propose to introduce at least one test with configured PA_MUST different from PA.
Proposal 6: Introduce at least one test with configured PA_MUST different from PA.
MuST Case 3 demodulation requirements
During the RAN1 work on Rel-14 MuST WI the following agreements were reached on MuST case 3:
	· MUST Case 3 is supported in TM8/9/10 using up to 8Tx
· Conclude that no consensus to support MUST Case 3 in CRS-based TMs
· For MUST Case 3, the following assistance information is provided to a MUST UE by DCI
· 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: ]
· 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
· 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


Scenarios
In RAN 1 it was agreed to add several bits in DCI contents to inform target UE about existence and transmission parameters (i.e. modulation order) of interference UEs. To ensure that UE is capable correctly use all possible additional bits patterns we suggest to define requirements for all combination of Rel-13-DMRS-table and k_max for MuST case 3.
Proposal 7: Consider the following test configurations for MuST case 3 requirements definition:
· Test 1: TM9, Rel-13-DMRS-table = 0, k_max = 1, OCC2, Serving UE rank 1
· Test 2: TM9, Rel-13-DMRS-table = 1, k_max = 1, OCC4, Serving UE rank 1
· Test 3: TM9, Rel-13-DMRS-table = 1, k_max = 3, OCC4, Serving UE rank 1
MU-MIMO precoder model
For the WI Core part analysis, random PMI model for the MU-MIMO case was assumed. Meantime, in the practical conditions usually the PMI selection is constrained and eNB would attempt to reduce the inter-stream interference. Using random PMI selection for MU-MIMO may be not completely justified and further discussions on a more realistic approach are needed.
Proposal 8: Further discuss on a more realistic approach for MU-MIMO precoder modelling.
Baseline receiver
[bookmark: _GoBack]Two candidate receiver structures can be used for MuST Case 3: E-LMMSE-IRC and R-ML. As illustrated in our paper [2], RML may provide certain performance gains over E-LMMSE-IRC in a limited number of scenarios (e.g. 64QAM useful signal + QPSK interference signal). During the MuST WI Core part, the performance analysis was conducted for the random PMI precoding model. So, such analysis may not be valid in terms of realistic R-ML gains. For the MUST performance part, we recommend to perform further comparative analysis of RML and E-LMMSE-IRC receivers under practical scenarios in order to make a conclusion on the reference receiver structure.
Proposal 9: Further study performance benefits of using R-ML receiver as a baseline for MuST case 3.
Conclusions
In this contribution we provided our views on the MUST demodulation performance requirements and make the following proposals:
Proposal 1: For MUST Case 1/2
· Specify UE demodulation performance requirements for Near UE operation.
· Do not specify UE demodulation performance requirements for Far UE operation.
Proposal 2: Consider the following test cases for MuST case 1/2 Near UE requirement specification:
· Test 1: TM2, Near UE Rank 1, Far UE Rank 1
· Test 2: TM4, Near UE Rank 1, Far UE Rank 1
Proposal 3: Use R-ML receiver as a baseline for MuST case 1/2 Near UE requirement specification.
Proposal 4: Consider QPSK or 16 QAM Near UE modulation format for Test 1 and 64QAM for Test 2.
Proposal 5: Further study on power ratio value for MuST case 1/2 requirements definition.
Proposal 6: Introduce at least one test with configured PA_MUST different from PA.
Proposal 7: Consider the following test configurations for MuST case 3 requirements definition:
· Test 1: TM9, Rel-13-DMRS-table = 0, k_max = 1, OCC2, Serving UE rank 1
· Test 2: TM9, Rel-13-DMRS-table = 1, k_max = 1, OCC4, Serving UE rank 1
· Test 3: TM9, Rel-13-DMRS-table = 1, k_max = 3, OCC4, Serving UE rank 1
Proposal 8: Further discuss on a more realistic approach for MU-MIMO precoder modelling.
Proposal 9: Further study performance benefits of using R-ML receiver as a baseline for MuST case 3.
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