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1. Introduction
In RAN4 #82, there was initial discussion on performance requirement for MUST and WF in [1] was agreed. For MUST case 3, i.e., TM8/9/10 MU-MIMO transmission, following agreements were reached. 

· Investigate the following 3 scenarios for MUST Case 3
· Test B1: TM9, dmrs-tableAlt  = 0, k-max =1, BMUST = 2
· Test B2: TM9, dmrs-tableAlt  = 1, k-max =1, BMUST = 4
· Test B3: TM9, dmrs-tableAlt  = 1, k-max =3, BMUST = 6
where BMUST is the number of additional bits added in the extended DCI formats
· Rank of target UE is 1 for all tests
· Companies are encouraged to provide both R-ML and E-LMMSE-IRC simulation results in order to understand the difference
· Companies are also encouraged to provide views on the following parameters
· Tx antenna number
· Rx antenna number
· MCS level
· Interference modulation level
· Precoder assumption  
· The number of interference layers in Test B3.
· OCC (OCC2, OCC4)
In this contribution, we provide further analysis on test framework for MUST case 3 and our proposal on PDSCH demodulation performance requirement. 
2. Reference receiver
2.1. R-ML vs E-MMSE-IRC
MU-MIMO enhancement in Rel-13 MUST WI consists of eNB signaling for existence and modulation order of MU-MIMO interference to improve PDSCH demodulation performance in MU-MIMO transmission. RAN1 design for MU-MIMO enhancement can be summarized as

· Enhancement can be applied to MU-MIMO transmission on orthogonal DM-RS ports. In Rel-10 DM-RS design, there is 2 orthogonal DM-RS ports while 4 orthogonal DM-RS ports are supported in Rel-13 DM-RS design. 

· It is assumed that existence and modulation order of interference layer is consistent within the allocated PRBs

· A few assistance bits are added to legacy DCIs, i.e., DCI 2B, DCI 2C and DCI 2D to indicate presence and modulation order of MU-MIMO interference. 

Rel-13 UE already supports TM9 MU-MIMO demodulation based on blind detection of existence of MU-MIMO interference and E-MMSE-IRC receiver. In Rel-14, RAN4 should consider enhanced TM9 MU-MIMO receiver that can utilize eNB’s L1 assistance signaling. Since eNB signaling includes modulation order of interfering UE, it is natural to consider R-ML receiver as enhanced receiver. 
In order to verify potential performance gain of R-ML receiver with modulation order information, simulation was run based on existing TM9 MU-MIMO demodulation test. Simulation set up is as below. 

· Reference test : FDD TM9 MU-MIMO test in 8.3.1.1 of 36.101 (test 2)

· Modulation of interference UE is changed from 64QAM to QPSK

· Evaluated following precoding options for serving and interfering UE
· Fixed precoding for serving UE and fixed precoding for interfering UE

· Fixed precoding for serving UE and random precoding for interfering UE

· Random precoding for serving UE and random precoding for interfering UE

· WB PMI feedback precoding for serving UE and random precoding for interfering UE
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Figure 1. TM9 MU-MIMO demodulation performance

From the simulation results, we can observe that R-ML receiver provides significant performance gain over E-MMSE-IRC receiver for all precoding assumptions. 

Proposal 1. Consider R-ML receiver as reference receiver for MUST case 3 performance requirement. 
2.2. Number of interference layer
In RAN4 #82 discussion, some companies argued that RAN4 should consider performance requirement with 2 interference layer for test B3, i.e., when k-max=3 is configured. According to RAN1 design, network can indicate existence of up to 3 MU-MIMO interfering layer in this case.  However, at the same time, RAN1 also agreed on the following on the meaning of k-max.
· A RRC parameter k-max for the maximum number of interfering spatial layers

· k-max = 1 or 3, 

· Note: k-max doesn’t imply the number of interfering spatial layers UE should cancel
When Rel-13 DM-RS is deployed in the network, eNB can transmit up to 4 layers of MU-MIMO signal in the same time/frequency resource. When UE is scheduled with rank 1 PDSCH, there can be up to 3 potential DM-RS ports with MU-MIMO interference and they can be signalled in DCI. 
When existence of MU-MIMO is indicated for 2 or 3 interfering layer, UE receiver operation can be different depending on MU-MIMO cancellation capability. If UE can cancel only one layer of MU-MIMO interference, it will select stronger interference layer among signalled MU-MIMO candidates and cancel it by R-ML receiver. If UE can cancel 2 or 3 MU-MIMO interference layers, it will cancel all signalled MU-MIMO interference by applying rank 3 or rank 4 R-ML receiver. This implies that number of MU-MIMO layers to be cancelled by R-ML receiver is related to UE receiver capability as well as k-max configuration in the network. 
Observation 1. Number of MU-MIMO layers to be cancelled by R-ML receiver is dependent on UE receiver capability as well as k-max configuration in the network. 

In existing RAN4 performance requirement, inter-cell and intra-cell interference suppression receiver is specified for NAICS receiver and TM9 MU-MIMO receiver. For NAICS receiver, RAN4 agreed on following for UE demodulation capability. 
RAN4 confirms the working assumption that the scope of Rel-12 NAICS is to limit total layers (serving + interfering) up to 3 and one PDSCH.

This covers following cases for serving cell and interfering cell signal. 
· rank 1 PDSCH from serving cell + rank 1 PDSCH from interfering cell

· rank 2 PDSCH from serving cell + rank 1 PDSCH from interfering cell
· rank 1 PDSCH from serving cell + rank 2 PDSCH from interfering cell
On the other hand, RAN4 specified NAICS gain test only for rank 1 PDSCH from serving cell + rank 1 PDSCH from interfering cell. Similarly TM9 MU-MIMO receiver, RAN4 specified performance requirement only for rank 1 serving UE + rank 1 interfering UE. 
Observation 2. Existing RAN4 requirement for inter-cell and intra-cell interference suppression receiver is specified for rank 1 serving + rank 1 interfering signal. 
Extending RAN4 requirement for interference cancellation receiver beyond rank 1 serving + rank 1 interfering signal seems to require careful investigation on potential performance gain and UE implementation complexity. Considering that RAN4 has only 2 meetings left for MUST performance work, we would like to focus on rank 1 serving + ranking 1 interfering signal scenario while deferring further enhancement beyond this as future work in RAN4. 
Proposal 2. For MUST case 3, RAN4 focuses on rank 1 serving + ranking 1 interfering signal scenario. 
3. Test case proposal
3.1. Performance requirement for UE not supporting Rel-13 DM-RS

For UE not supporting Rel-13 DM-RS, only test B1 is applicable. For test B1, we can reuse existing TM9 MU-MIMO demodulation test in section 8.3.1.1 with following changes. 
· Modulation order of interfering UE is changed from 64QAM to QPSK. 
· UE is RRC configured into MUST case 3 and provided with 2 bit DCI signaling for existence and modulation order of interfering UE signal. 
Proposal 3. Introduce test B1 based on test 2 in section 8.3.1.1 for UE not supporting Rel-13 DM-RS with following change. 
· Modulation order of interfering UE is changed from 64QAM to QPSK. 

· UE is RRC configured into MUST case 3 and provided with 2 bit DCI signaling for existence and modulation order of interfering UE signal. 

3.2. Performance requirement for UE supporting Rel-13 DM-RS
For UE supporting Rel-13 DM-RS, both test B1 and test B2 are applicable. In test B2, there are 3 potential DM-RS ports and UE needs to extract DM-RS port/existence/modulation order information from 4 bit DCI bits. Once UE extracts information for interfering UE from DCI, subsequent operation for MU-MIMO demodulation using R-ML receiver would be same as test B1. Test B2 also allows randomization of interfering UE DM-RS over subframes. Given the situation, it would be sufficient to apply only test B2 for UE supporting Rel-13 DM-RS. 
For test B2, we can reuse existing TM9 MU-MIMO demodulation test in section 8.3.1.1H with following changes. 

· Granularity for interfering UE DM-RS port randomization is changed from 3 RB to 50 RB in frequency domain. 

· Modulation order of interfering UE is changed from 64QAM to QPSK. 

· UE is RRC configured into MUST case 3 and provided with 4 bit DCI signaling for existence, DM-RS port and modulation order of interfering UE signal. 

Proposal 4. Introduce test B2 based on test in section 8.3.1.1H for UE supporting Rel-13 DM-RS with following change. 
· Granularity for interfering UE DM-RS port randomization is changed from 3 RB to 50 RB in frequency domain. 

· Modulation order of interfering UE is changed from 64QAM to QPSK. 

· UE is RRC configured into MUST case 3 and provided with 4 bit DCI signaling for existence, DM-RS port and modulation order of interfering UE signal. 

3.3. Requirement for 4 Rx UE
For 4 Rx UE, we can reuse same test applicability rule in Rel-13. For type 1 UE that supports both 2 Rx and 4 Rx band, we can run 2 Rx test on any 2 Rx band. For type 2 UE that supports only 4 Rx band, we need to specify separate 4 Rx test for MUST case 3 by following the same method in Rel-13. 
Proposal 5. For type 1 4 Rx UE, run 2 Rx test on any 2 Rx band. For type 2 4 Rx UE, specify separate 4 Rx test with same test set up as 2 Rx test except for antenna configuration. 

4. Conclusions

In this contribution, we provide further analysis on test framework for MUST case 3 and our proposal on PDSCH demodulation performance requirement. Our observations and proposals are 

Observation 1. Number of MU-MIMO layers to be cancelled by R-ML receiver is dependent on UE receiver capability as well as k-max configuration in the network. 

Observation 2. Existing RAN4 requirement for inter-cell and intra-cell interference suppression receiver is specified for rank 1 serving + rank 1 interfering signal. 

Proposal 1. Consider R-ML receiver as reference receiver for MUST case 3 performance requirement. 
Proposal 2. For MUST case 3, RAN4 focuses on rank 1 serving + ranking 1 interfering signal scenario. 

Proposal 3. Introduce test B1 based on test 2 in section 8.3.1.1 for UE not supporting Rel-13 DM-RS with following change. 

· Modulation order of interfering UE is changed from 64QAM to QPSK. 

· UE is RRC configured into MUST case 3 and provided with 2 bit DCI signaling for existence and modulation order of interfering UE signal. 

Proposal 4. Introduce test B2 based on test in section 8.3.1.1H for UE supporting Rel-13 DM-RS with following change. 

· Granularity for interfering UE DM-RS port randomization is changed from 3 RB to 50 RB in frequency domain. 

· Modulation order of interfering UE is changed from 64QAM to QPSK. 

· UE is RRC configured into MUST case 3 and provided with 4 bit DCI signaling for existence, DM-RS port and modulation order of interfering UE signal. 

Proposal 5. For type 1 4 Rx UE, run 2 Rx test on any 2 Rx band. For type 2 4 Rx UE, specify separate 4 Rx test with same test set up as 2 Rx test except for antenna configuration. 
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