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1. Introduction
In RAN#71, MUST WI [1] was agreed. One of the objectives about blind detection (BD) is
· (RAN4) For Case 1, 2 and 3, identify and agree on the parameter combinations that could be blindly detected jointly for MUST based on TR36.859 and RAN1’s recommendation
In this contribution, we discuss the recommendations that could be provided by RAN1, e.g., the scope, scenarios and BD parameters and others. 
2. Scope and Scenarios
According to [1], a MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases. 

Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

Also, in [1], Objective 3 clear states that RAN4 inputs for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes will be required first, while other cases are still pending on the study conclusion in RAN1 according to Objective 4 and 5. (as captured below)

	3. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.

· The configuration of downlink multiuser superposition transmission.

· Starting from the candidate parameters of assistance information identified in TR 36.859 and based on the RAN4 identified parameter combinations which could be jointly blindly detected, specify the mechanism to provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection.

4. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, evaluate the system-level performance based on the evaluation methodology and assumptions in TR36.859.

5. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation, following the outcomes of objective 1 to 4. 


As a result, we suggest that blind detection study for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes will be studied first. For other cases, no discussion is expected in RAN4 before RAN1 achieves the conclusion in Objective 4 in [1].
Proposal 1: First focus on the blind detection for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes. For other cases, no discussion is expected in RAN4 before RAN1 achieves the conclusion in Objective 4 in WI.
Within this scope, there are 3 possible BD scenarios, as provided in Table 1.

Table 1 BD scenarios

	BD scenario
	Description
	Applied Case

	1
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	1 near UE and 1 far UE.

Both near and far UE are rank 1.
	Case 1

Case 2
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	1 near UE and 1 far UE.

Near UE is rank 2, and far UE is rank 1.
	Case 1
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	1 near UE and 1 far UEs.

Both near and far UEs are rank 2.

Note: The two spatial beams may be allocated with different power ratio and may carry different modulation order.
	Case 1


Note that blind detection to distinguish different BD scenarios is also needed to be discussed in RAN4.
Proposal 2: Suggest RAN4 the 3 scenarios in Table 1 for the evaluation of blind detection.

3.  Blind Detection Parameters
In TR36.859, there is a list of the potential blind detection parameters. Here we try to first focus on R-ML receiver at near UE. Below is the list of our suggestion to RAN4 for Blind detection study. 
Table 2 List of BD parameters in TR36.859 for R-ML near UE
	Parameter of far UE
	Need BD study in RAN4
	Comments from MediaTek

	Existence of MUST interference
	Yes
	Can be jointly considered with power ratio

	Power ratio
	Yes
	Additional information may be required by RAN4: the number of levels, exact value of each level.

	Spatial precoding matrix
	Not now
	Not within the scope of Case 1 and 2.

	Modulation order
	No (with condition)
	If only QPSK allowed for far UE

	Resource allocation
	Yes
	RAN4 to study the granularity of PRBs that shares the same BD parameter set

	VCID
	Not now
	Not within the scope of Case 1 and 2 using up to 2 Tx CRS-based transmission schemes

	n_SCID
	Not now
	Not within the scope of Case 1 and 2 using up to 2 Tx CRS-based transmission schemes

	RE mapping due to different PDSCH starting symbol
	No (with condition)
	If PDSCH starting symbol is the same for both near and far UEs, or if near UE is expected to perform MUST operations only starting from the 4th or 5th OFDM symbol.

	RE mapping due to existing of DMRS signal
	No
	MUST between different transmission schemes is not within the scope of WI.

	Transmission scheme
	No
	MUST between different transmission schemes is not within the scope of WI.

	Enhanced HARQ information
	No
	Not possible for blind detection.


Detail discussions of each parameters:

· Existence of MUST interference: If there is no signaling telling near UE the existence of the interference, then near UE needs to do blindly detect this. 

· When near UE is rank 2, UE may require a single signaling or 2 separate signalings for both beams.

· The existence of the interference can be considered as one of the level of the power ratio α. For an example, α=0 implies the absence of the interference.

· Power ratio: If there is no signaling telling UE the value of power factor, then UE needs to blindly detect it.
· According to Objective 2 in [1], it is still pending on RAN1’s discussion on whether to use multiple power ratios or single power ratio & legacy constellation. Before any decision made, RAN4 can still try to evaluate both options.

· For multiple power ratios, the number of power ratio levels and the exact values of the power ratios are also factors that could have the impact on the blind detection performance. To speed up the discussion in RAN4, it will be better that RAN1 to suggest some candidate sets of power ratios, e.g., 

Candidate set 1: {0.6688, 0.7625, 0.875, 0.9125} for all modulation combinations

Candidate set 2: {0, 0.6688, 0.7625, 0.9125} for all modulation combinations. 
Candidate set 3: 
{0, 0.8} for (MODN, MODF)= (QPSK, QPSK), 
{0, 0.7619} for (MODN, MODF)= (16QAM, QPSK)  
{0, 0.7529} for (MODN, MODF)= (64QAM, QPSK) 
· Different power ratio will change not only the composite constellation but also the bit label mapping on the constellation for MUST category 2.
· For BD scenarios 3, blind detection for up to 2 power ratios may be required. If α=0 is also one of the power ratio levels, the blind detection also helps distinguish BD scenarios 2 and 3.
Proposal 3: RAN1 to provide RAN4 the candidate sets of power ratios for evaluation the performance of blind detection.

· Spatial precoding matrix: This information is not required for MUST Cases 1 and 2.
· Modulation order: If there is no signaling telling near UE about the modulation level of far UE, then near UE needs to blindly detect it. 
· In MUST category 2, modulation orders of both near and far UEs together with the power ratio will jointly determine the final composite constellation.
· Allowing only QPSK at far UE help reduce the number of hypotheses of possible composite constellations.

· Allowing only QPSK at far UE could bring the benefit of applying MUST on legacy UEs because the information of power ratio may not be required by far UEs.
· Allowing only QPSK at far UE makes it possible to reuse existing TX EVM requirement with trivial degradation [2].
Proposal 4: Restrict the modulation order of far UE to QPSK in MUST WI. 

· Resource allocation: The granularity of PRBs that share the same BD parameter set. RAN4 needs to consider this parameter during the evaluation of blind detection performance.
· Finer the granularity helps relax the scheduling constraint at network side but leads to worse blind detection performance.
· VCID and n_SCID: These parameters are used in DMRS-based transmission mode, which is still pending on RAN1’s conclusion on the system gain.
· RE mapping due to different PDSCH starting symbol: Different PDSCH starting symbols for near and far UEs is possible in the following 2 conditions.

· They are scheduled by different cells, e.g., CoMP. However, since MUST is targeting at the cancellation or suppression of intra-cell interference, we can always assume the PDSCH starting symbol is aligned for both near and far UE. No BD study is required on this.
· Cross-carrier scheduling such that the PDSCH of near and far UE are superposed on an Scell. E.g., one UE is scheduled by the PDCCH from Scell. Its assumption of the starting symbol follows the CFI in Scell. The other UE is scheduled by the PDCCH from Pcell/Scell, and its assumption of starting symbol is indicated through a higher-layer RRC signaling. Therefore, it is possible that the near UE is configured with a different assumption to that of far UE. 
· Case A: starting symbol index of near UE > starting symbol index of far UE

In this case, the misalignment will not bring any degradation to the decoding performance of near UE.

· Case B: starting symbol index of near UE < starting symbol index of far UE

The interference of far UE does not exist at all symbols carrying the PDSCH to be decoded by near UE. If the near UE still assumes far UE has the same starting symbol, degradation can be expected. A simple solution on this is to restrict near UE not to perform MUST decoding the first 3 (or 4) OFDM symbols. This can be achieved by 
1. Choosing a largest starting symbol index in RRC signaling when cross-carrier scheduling the near UE.

2. Introducing a UE assumption: always starts MUST from the 4th or 5th OFDM symbol.
· RE mapping due to existing of DMRS signal: Since superposed PDSCHs transmitted with different transmission schemes is not within the scope of WI, near UE will only be paired with the far UE with the same transmission scheme. Thus, near UE does not need to worry about the difference in RE mapping due to the existence of the DMRS signal of far UE.
· One related potential issue here is that near and far UEs are configured with different CSI-RS configurations, e.g., CSI-RS1 for near UE and CSI-RS2 for far UE. In this case, near UE will not perform rate-matching around the CSI-RS2, if no assistance information available.
· Transmission scheme: Superposed PDSCHs transmitted with different transmission schemes is not within the scope of WI. No BD study is required.
· Enhanced HARQ information: The intention of this information is to enable near UE to use some combining technique to improve the detection performance of far UE’s signal, when the far UE is on its re-transmission with the same redundancy version. In our opinion, near UE is not possible to blind detection this information. It can only be signaled to near UE, if needed.
In summary, we suggest that RAN1 can send an LS to RAN4, asking for further evaluations the blind detection performance for the existence of MUST interference and power ratio under different granularities of PRBs for the 3 BD scenarios.
Proposal 5: RAN1 sends an LS to RAN4, recommending to further evaluate the blind detection performance for the following information under different granularities of PRBs for the 3 BD scenarios.

· Existence of MUST interference 
· Power ratio
4. Other Factor that May Affect BD Performance

In addition to the BD scenarios and parameters, there are still some other factors that may affect the performance of blind detection. 

1. Precoder selection: For Case 1, both near and far UE are scheduled on the same spatial beam(s). The choice of precoder will affect the receive SNR at near UE. So it is recommended to follow UE’s PMI suggestion during the study.
2. Scenario detection: With lack of the signaling, near UE may also need to blindly detect BD scenario among scenarios 2 and 3, when it is in rank-2. Also, in BD scenario 2, the far UE can exist at either one of the spatial beams. The possible hypotheses given near UE in rank-2 are listed in Table 2. Note that the power ratios on the two spatial beams can be different. 
Table 3 List of hypotheses for BD scenario detection
	hypothesis
	Far UE exists on spatial beam 1
	Far UE exists on spatial beam 2
	Note

	1
	No
	No
	OMA

	2
	Yes
	No
	BD scenario 2

	3
	No
	Yes
	BD scenario 2

	4
	Yes
	Yes
	BD scenario 3


3. Coexistence with NAICS (Type B) receiver: When NAICS assistance information is configured through RRC signaling, UE is expected to perform blind detection on the neighboring cell RS and/or PDSCH parameters. Depending on UE’s decision, it will try to cancel the strong inter-cell interference with NAICS receiver or fall back to IRC (Type A) receiver. With MUST introduced, UE may be required to performance BD for both NAICS and MUST. It is necessary to consider the complexity and performance when both features are enabled.

Proposal 6: Add in the LS to RAN4 the recommendation on precoder selection, scenario detection and coexistence with NAICS receiver.
5. Summary
In this contribution, we discuss the blind detection scenarios and parameters for further study in RAN4. Based on the discussion, we have the following proposals:
Proposal 1: First focus on the blind detection for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes. For other cases, no discussion is expected in RAN4 before RAN1 achieves the conclusion in Objective 4 in WI.
Proposal 2: Suggest RAN4 the 3 scenarios in Table 1 for the evaluation of blind detection.

Proposal 3: RAN1 to provide RAN4 the candidate sets of power ratios for evaluation the performance of blind detection. 
Proposal 4: Restrict the modulation order of far UE to QPSK in MUST WI. 

Proposal 5: RAN1 sends LS to RAN4, recommending evaluation the blind detection performance for the following information under different granularities of PRBs for the 3 BD scenarios.

· Existence of MUST interference 
· Power ratio
Proposal 6: Add in the LS to RAN4 the recommendation on precoder selection and coexistence with NAICS receiver. 
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