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1
Introduction

In the previous RAN1 meeting, a set of potential network assistance has been agreed for MUST categories 1, 2 and 3. 
· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far-UE or near UE)

· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
· Modulation order of MUST paired UE 

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 

· Resource allocation of MUST paired UE 

· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 

· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
· Precoding vector(s) of MUST paired UE 
·  CWIC (available receiver type for near UE)

· The above potential assistance information for ML receiver
· TBS of MUST paired UE

· HARQ information of MUST  paired UE 

· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 

· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user

· MMSE-IRC (available receiver type for far UE)

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Additionally, the followings should be considered potential assistance information for Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation

In this paper we analyse the need for such network assistance.
2 
Network assistance for MUST
The superposition techniques categorized above, referred in the following as MUST#1, MUST#2 and MUST#3, have similarities as well as differences. The main differences between the MUST schemes rely at least on: power utilization (the need for multiple power offsets for the MUST pairs), Gray labelling utilization, bit split utilization. We further try to perform an analysis of the MUST schemes in the light of the above potential network assistance which was discussed in the previous meeting. As most of the parameters involved in this discussion are same/similar as in MUST, in our view the NAICS technology is baseline operation when it comes to parameter detection. 
· (R-)ML/SLIC (available receiver type for far-UE or near UE)

	
	Potential network assistance
	Discussion

	1
	· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
	Similar as in NAICS, assuming that near-UE is allocated with constant power, interference presence can be blindly detected per PRB and no network assistance is necessary; RAN4 endorsed operation. A near-UE needs to decide only between two hypotheses, PDSCH transmitted with full power or with near-UE power. If far-UE overlaps fully with the near-UE, same allocation may be assumed. 

	2
	· Modulation order of MUST paired UE 
	Modulation order is possible to be blindly detected per PRB, RAN4 endorsed operation. MOD BD is possible if power level is known or set of powers are assumed, see next point. 

	3
	· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 
	Applies only to CRS modes. Several power offsets are used per modulation combination between far-UE and near-UE. For simplicity in this discussion we assume QPSK is used in the Far-UE. We can assume that four power offsets are defined for far-UE QPSK combinations with QPSK/16QAM/64QAM used in the near UE. As the near UE knows its modulation format, it also knows the set of power offset hypothesis used in the far UE. These form the search space for the blind detection per PRB. An alternative operation it the following. As near UE knows its own transmit power, own semi-static PA, it can blind-detect the far-UE Pa from a subset of PA’s. Afterwards, the only missing element is far-UE transmit power, being a complement of the near-UE transmit power. If PA is –inf, the interferer is not present. This is endorsed RAN4 operation. For DMRS operation see row 6 below.

	4
	· Resource allocation of MUST paired UE 
	
This entry is not needed, duplication of point 1. If the intention was to decode the whole far UE, this is needed only for CWIC.

	5
	· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 
	This entry is not needed.  In CFI misalignment the options are: 1. Near UE PDSCH allocation is larger than the far-UE PDSCH allocation, in this case the near-UE PDSCH collides with PDCCH symbols of the far UE. 2. Near-UE PDSCH allocation is smaller than the far-UE PDSCH allocation, in this case the near-UE PDSCH collides with PDCSH symbols of the far UE. Hence the conservative CFI assumption of NAICS certainly one of the first options to consider. Other RE mapping indication do not seem needed especially that the near-UE PDSCH is rate matched around CSI-RS or CRS for example as signals originate from serving cell. 

	6
	· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
	Option 1: One DMRS for both UEs, transmitted with full power. In this case the Near-UE and Far-UE need PDSCH power signalling.

Option 2: One DMRS for both UEs, follows far-UE power. Near UEs estimates the power delta from DMRS to common PDSCH power (unity), this assumes same allocation PRB wise. 

Option 3: Two ports DMRS are configured, one for each UE, each following its own power level, no signalling needed but poor channel estimation for near UE. 

A good choice seems option 2 which provides the smallest specification impact.  In addition, such operation is transparent to legacy far-UE.

	7
	· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
	The transmission schemes choices are smaller than in NAICS. The near-UE needs to differentiate between TM2, TM3, TM4, TM9 and most likely only the rank1 assumption is made. Blind detection is possible and has been endorsed by RAN4.

	8
	· Precoding vector(s) of MUST paired UE 
	Precoding information can be blindly detected per PRB and no network assistance is necessary; RAN4 endorsed operation. However, this is valid for 2 AP precoders, for 4AP PMI further discussion is needed, and our proposal is to add codebook subset restriction to the set of potential network assistance. 

	
	For MUST#3 only
	

	9
	· Modulation order of composite constellation 
	Option 1: uniform composite constellation and far-UE in QPSK ( signalling not needed.

Option 2: uniform composite constellation and any far-UE constellation ( signalling or BD of composite constellation.

Option 3: non-uniform composite constellation and w/wo far-UE in QPSK ( signalling needed.

Option 4: predefined of only one power level per constellation combination would imply no signalling needed.

	10
	· Bit allocation information of composite constellation
	Option 1: one composite constellation for each constellation combination with far-UE assumed in QPSK only ( no signalling of composite constellation (this implies one-to-one linkage of far-near constellations into composite).

Option 2: no QPSK in far UE, no one-to-one linkage ( signalling of modulation order of composite constellation, 
One option: less reliable bits into near-UE and more reliable into far UE. 


· CWIC (available receiver type for near UE)

	· The above potential assistance information for ML receiver
	

	· TBS of MUST paired UE
	All these parameters needed by CWIC need signalling as blind detection is not possible. However the subband signalling is obviously prohibitive. 

	HARQ information of MUST  paired UE
	

	· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 
	

	· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user
	


· MMSE-IRC (available receiver type for far UE)

	· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
	Not needed if QPSK is used for the far UE.


During the previous meeting it was proposed that several items of the above list are excluded from category 2 and 3. More precisely, it was proposed that:
· For MUST Category 2
· All assistance information of Category 1, excluding the followings:
· Transmission scheme of MUST paired  UE 
· Precoding vector(s) of MUST paired UE
· For MUST Category 3
· All assistance information of Category 1, excluding the followings:
· Transmission scheme of MUST paired  UE 
· Precoding vector(s) of MUST paired UE 
· DMRS information of MUST paired UE 
· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Modulation order of MUST paired UE
Based on the above analysis and our companion paper, we have the following proposals:

Proposal 1: Include in the list of potential signalling information the following field:
· The following should be considered as potential PDSCH assistance information for MUST Category 1, 2, and 3 UE. 

· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far-UE or near UE)

· Codebook subset restriction.
Proposal 2: Delete the following entries for MUST Category 3:
· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Modulation order of MUST paired UE

Most of the blind detection assumed in our analysis in RAN4 endorsed in interference conditions which are worse than what is experienced in MUST. However if there are doubts on blind detection operation, RAN4 should investigate why their recommendations are not valid in MUST anymore. This can be done in the WI stage, if approved, by properly involving RAN4 WG in the discussion.
Proposal 3: RAN4 should consider the blind detection of MUST parameters if RAN1 considers blind detection unfeasible. 
3
Baseline MUST operation
Based on the above discussion, we can crystalize a baseline MUST operation. This may rely on a blind detection engine similar to NAICS. Further enhancements of this operation need to be justified by system performance gains.

The elements of the baseline MUST scheme are as follows:

· QPSK only is scheduled for far-UE (most with the most two reliable bits in super-constellations) 

· Rank 1 transmission only is scheduled for far UE

· RML receiver is used for near UE

In any other situations, that is if far-UE is using high rank or non-QPSK modulation type, the network may operate with OMA.
Note that these simplifications are scheduling bandwidth agnostic, that is if MUST happens wideband or frequency selective is a separate discussion.

4
Conclusions

In this contribution we have been presenting views with respect to the network assistance needed for superposed transmission. The following proposals can be summarized:
Proposal 1: Include in the list of potential signalling information the following field:
· The following should be considered as potential PDSCH assistance information for MUST Category 1, 2, and 3 UE. 

· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far-UE or near UE)

· Codebook subset restriction.
Proposal 2: Delete the following entries for MUST Category 3:

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Modulation order of MUST paired UE

Proposal 3: RAN4 should consider the blind detection of MUST parameters if RAN1 considers blind detection unfeasible. 
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