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Introduction
In RAN4 #79, the following was approved [1]:
	· For MUST case 1 and 2, error in interference existence detection will lead to 100% BLER of the PDSCH
· For MUST cases 1 and 2, study blind detection feasibility of power ratio for MUST-near UE
· CRS TM : TM2, TM3, TM4 rank 1, TM4 rank 2
· DMRS TM : TM9 rank 1, TM9 rank 2
· Power ratio examples can be referenced in
· R1-165763, R1-165797

· For MUST case 3, further study blind detection feasibility on presence/precoder/modulation of interference UE in the following cases
· CRS-based TM with 2TX or 4 Tx when UE is scheduled with TM2 or TM4 rank 1
· DMRS-based TM with OCC2 DMRS or OCC4 DMRS when UE is scheduled with rank 1
· Further check if NAICS conclusions can be applied 	
· Signaling is still beneficial for MUST case 3
· For all MUST cases, the feasibility study should take into account at least the following metrics
· Detection rates of parameters
· Throughput loss compared with the case with genie information provided
· UE implementation complexity



And that's not all. There's more.  In RAN1 #85, the following was agreed to as well:
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

















For the sake of completeness, and for reference, here is an agreement made at RAN #84bis [5]:

This contribution discusses what a new DCI might entail for MUST signalling, and possible alternatives.Agreement:
· 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

Discussion
Signaling and Receiver Assumptions
First, so we can better put things in context, here's a summary of the various MUST cases mentioned above [3]:
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. 
The reference [3] also discusses scope of what will be specified in Release 14, and what is slated for evaluation.  As of now, it appears that only up to rank 2 transmission might be employed for MUST. Furthermore, it also appears that as of now, Case 3 will not be specified for Release 14.
However, both Case 3 and higher rank transmission should be taken into account for specification for Release 14 to achieve forward compatibility. Case 3 in particular represents an interesting situation as Case 3 represents something that could be considered "in between" MUST with the same pre-coding vectors and MU-MIMO. That is to say, Case 3 potentially deconstructs the narrative of MUST having "near UEs" and "far UEs" being superposed together.  That is to say, superposition of UEs in Case 3 may be done without necessarily with regard to whether or not one suffers a signal to noise ratio privilege with respect to the other UE. And therefore…
Observation 1: Considering Case 3, advanced receiver assumptions may apply to multiple UEs participating in MUST sharing of time-frequency-space resources.
Moreover, considering that lower power ratios of ~0.7 might be used, one should consider what the results would be for the far UE.   A link level simulation was performed (which would be equivalent for Case 1 and Case 2) for the far UE with parameters as noted in Table 1.




[bookmark: _Ref458600837]Table 1 Simulation parameters for Far UE receiver.

	Parameter
	Value

	Use RBs
	25 RBs

	RB scheduling
	Fixed

	Modulation
	QPSK

	Channel coding
	LTE Turbo code, R=1/2

	Decoding algorithm
	Max-Log MAP with 6 iterations

	Antenna configuration
	1 x 2

	Receiver type
	Alt.1 : Always assuming OMA
Alt.2 : MUST interference is treated as AWGN
Alt.3 : MLD

	Channel model
	ETU, 3 km/h
Uncorrelated bewteen antennas

	Channel estimation
	Realistic
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Figure 1 QPSK Near/QPSK Far BLER for various receiver assumptions
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Figure 2 16QAM Near UE/QPSK Far BLER vs. receiver assumptions.
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Figure 3 64QAM Near UE/ QPSK Far BLER vs. receiver assumptions

It appears from these results that in the cases considered above an advanced receiver design would make a minimal, if not negligible difference in performance for the far UE. 

Observation 2: Considering Case 1 and Case 2, at least for PFar = 0.75 there do not seem to exist cases where the far UE may benefit from the use of an advanced receiver, such as R-ML.

Proposal 1: Considering Case 3 and forward compatibility, signalling for MUST should proceed on consideration that both UEs "doing MUST" might potentially benefit from signalling to be in MUST modes, or at least should not preclude such capability for future releases.


Signaling Options
As Case 1 and Case 2 transmission is the main MUST entrée to be specified, so to speak, for Release 13, and up to Rank 2 transmission is to be considered, we will focus on signalling alternatives related to that those cases, but with an eye to potential forward compatibility.

The WID for MUST [3] instructs RAN1 to specify mechanisms enabling efficient MUST operation "[s]tarting 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."

The potential assistance information that might be signalled as identified in the SI for MUST is as follows [4]:
MUST-near UE:
R-ML/SLIC receiver
-	Information of each paired MUST-far UE
-	Existence/processing of MUST interference per spatial layer
-	Transmission power allocation of its PDSCH and MUST far UE’s PDSCH
-	It may be information per spatial layer if different power can be allocated to each spatial layer.
-	Spatial precoding vector(s)
-	Codebook subset restriction(s)
-	Full rank PMI used for virtualization of transmit diversity
-	Modulation order of each codeword
-	Only if not restricted to QPSK only.
-	Resource allocation
-	If all the scheduled RBs of the MUST-near UE have superposed transmission and all assistance information of all the paired far UEs is the same, this information is not needed
-	DMRS information of MUST-far UE
-	Only if DMRS information is used to estimate effective channel of MUST-far UE or to derive power allocation of MUST-far UE
-	PDSCH RE mapping information
-	Only if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE
-	Transmission scheme
-	Only if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing
-	Enhanced HARQ information
-	Only if needed
CW-IC receiver
-	The above potential assistance information for R-ML receiver
-	Information of each paired MUST-far UE
-	Resource allocation
-	Always needed unless it is the same as MUST-near UE;
-	Transport block size
-	HARQ information
-	New data indicator;
-	Redundancy version;
-	LBRM (Limited Buffer Rate Matching) assumption 
-	Parameters for descrambling and CRC checking for the PDSCH
-	 RNTI
MUST-far UE:
MMSE receiver 
-	Transmission power allocation of its own MUST layer 
-	It is not needed when the modulation order of MUST-far UE is QPSK or when the power ratio for MUST-far UE is quite large, such as 0.95, or when it can be estimated by DMRS information
-	Full rank PMI used for virtualization of transmit diversity
-	Only if mixed transmission schemes, e.g. SFBC and closed-loop spatial multiplexing
R-ML receiver
-	The above list of potential assistance information for R-ML receiver at MUST-near UE except that the entity “MUST-far UE” in the list is substituted with “MUST-near UE” and the entity “MUST-near UE” in the list is substituted with “MUST-far UE



First, let's note the case of the MUST-far UE, which, again, if Case 3 is specified might become a less than descriptive term, but for the purposes of specifying MUST for Release 14 we will use those terms. 
We note that if an R-ML receiver is used at both the near UE and the far UE, the candidate assistance information and DCI format for each UE's intended reception can essentially be the same.
Furthermore, since this information should be dynamically signalled, and it makes sense for candidate assistance information and "regular" DCI to be signalled together.  Moreover, since MUST is dynamically signalled, it stands to reason that MUST pairing would be dynamically signalled therefore as well. 
We consider two alternatives for DCI signalling for MUST downlink grants.

Option 1: Separate DCI for MUST near UE and MUST far UE.
This would involve a different grant for each UE.  In principle, if RAN1 decided that the far UE did not have access any assistance information a legacy grant might be used, although there would be perhaps some degradation of system performance due to MUST near UE noise.
On the other hand, if RAN1 decided that the far UE did have assistance information, the new grant would be used, but there would need to be some way to differentiate the information as the near and far UEs would have to know whether they are near or far.

Option 2: One DCI for both MUST near UE and MUST far UE.
This would involve a single grant for both UEs, which would avoid redundant transmission of DCI information that would also be assistance information to the other UE.  Should RAN1 decide to specify this alternative some way of getting the UEs to be able to decode a single grant would be needed, such as via a MUST-RNTI, for which procedures for its generation and use would need to be specified, especially considering the requirements for dynamic signalling.

We can summarize the two alternatives in the table below.
Table 2 Comparison of Alternatives for Signaling of MUST
	Issue
	Option 1
	Option 2

	Specification Impact
	Possible need to design new DCI format to accommodate both near and far UEs, separately.
But see "Forward Compatibility" below.
	Approximately the same specification impact would accrue from having a single DCI format; i.e., for the cases slated to be specified for Release 14 the same information would have to be signalled.
But see "Forward Compatibility" below.

	Efficiency
	Potential signalling of redundant information if assistance information from near UE to far UE is used.
	Signaling DCI information together should be more efficient.

	Forward Compatibility
	Not readily extensible to Case 3, even for near UE, because Case 3 implies that different layers might be paired with different UEs.
	Most easily adaptable to Case 3, as well as other variations on Cases 1 and 2, using MUST – pairing in TMs not slated to be specified in Release 14.



From the above Table, it is our view that although it is possible that multiple grants might for Release 14 provide a modicum of MUST functionality, from the specification impact and Forward Compatibility point of view multiple grants just "kicks the can down the road" in such a way that it makes specification of additional MUST functionality more difficult.  Moreover, it is likely that some form of dynamic signalling of sharing resources will be needed for the specification of non-orthogonal multiple access for NR.   As Harold A. Wheeler wrote 70 years ago,
The successful engineer is the one who does more than solve just the problem at hand. He is the one who sees the problem as an example of many problems which have something in common. He seeks and finds the solution for this class of problems, then the example becomes easy.
Therefore we propose:
Proposal 2: To minimize specification impact considering forward compatibility, RAN1 should specify a DCI format that is accessible to all UEs participating in MUST sharing of resources.
Conclusion
Based on the discussions above, we propose the following:

Observations:
· Considering Case 3, advanced receiver assumptions may apply to multiple UEs participating in MUST sharing of time-frequency-space resources.
· Considering Case 1 and Case 2, at least for PFar = 0.75 there do not seem to exist cases where the far UE may benefit from the use of an advanced receiver, such as R-ML.


Proposals: 
· Considering Case 3 and forward compatibility, signalling for MUST should proceed on consideration that both UEs "doing MUST" might potentially benefit from signalling to be in MUST modes, or at least should not preclude such capability for future releases.
· To minimize specification impact considering forward compatibility, RAN1 should specify a DCI format that is accessible to all UEs participating in MUST sharing of resources.
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