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Introduction
During RAN1#82 it was agreed to include a sub-section in [1] that will focus on DL control signaling as well as relevant assisted information required for the UEs. In this contribution we discuss which considerations to be taken into account when designing such signaling for MUST schemes.  

Design Targets 
In this section we detail the functionality that DL control signaling for MUST should aim for 
Carry required DL information per-UE
DL control signaling should at least carry the scheduling information that is carried normally by a DCI per-UE. Whether additional parameters (e.g. power-split) are needed for the far-UE (UEF) is still FFS. 
Conveying necessary assisted information for a multiuser receiver 
which parameters are necessary as an input to the near-UE (UEN) receiver is still FFS and generally will depend on receiver type and MUST category  
Indication whether DL MUST is enabled/disabled
we assume that most often 2 UEs are found to be a valid pair (e.g. in terms of power-ratio, rate-ratio, same/similar PMI), but will still be scheduled differently. This either due to different data-rates or different channel condition each of the UEs is experiencing. Figure 1 depicts a case where pairing is enabled in SF#0,1,2,5,6 while in SF#3,4,7,8,9 only UE1 is scheduled. 
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[bookmark: _Ref430589949]Figure 1 - Inconsistent scheduling for two UEs
This scenario is related to the design of DL signaling, since UE1 has to be aware in times it is not paired without adding extra burden on scheduler and preferably without overhead signaling. This can be accomplished in several ways: (1) different DCI formats for MUST on/off (2) DCI field (3) higher-layer re-configuration (4) blind detection of interference (5) existence/absence of DCI of UEF  
Observation 1: DL control signaling should consider the scenario where UEs are paired in MUST scheme, but not scheduled constantly together. 
Indication which TM is used for UEN  and UEF 
In the SID it was agreed to investigate same spatial precoder vector or the same transmit diversity scheme.  During RAN1#82, following comments from operators that MUST should take into account realistic TM assignments for UEN and UEF, it was agreed to consider mixed-TMs scheme [3]. With mixed TMs, UEN has to be familiar with the TM associated with UEF. Additionally, one can expect a fallback of UEF (e.g. Single antenna port, port 7 or 8 → transmit diversity). To avoid large impact on UEN receiver in that case, it has to be informed on such fallback, preferably without overhead signaling. 
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Figure 2 – Example of mixed-TMs case for multiuser superposition
This can be accomplished in several ways: (1) DCI format detection for TM fallback (2) DCI field (3) higher-layer re-configuration (4) blind detection of TM. 
Observation 2: For mixed-TMs scheme, study possible ways of allowing UEF  fallback without impact on UEN   
Inclusion of Rel-8 UEs as far-UE
The expected gains from either of the MUST categories are most observable with high cell-load scenario. In this case the scheduler has easier task of finding UEs to be combined in a MUST scheme, but this idealization ignores the fact that some of the UEs in the cell are not appropriate for pairing. This can be the case for instance, if DL control signaling is such that is only detectable by MUST-capable UEs. From another aspect, the same-precoder restriction has the limitation on the number of UEs in the cell actually reporting same PMI. This gives further motivation for allowing additional UEs to be considered as MUST candidates by increasing the probability of more UEs reporting same PMI. 
Observation 3: It is beneficial to include legacy UEs as the far-UEs 
Proposal 1: Design of DL control signaling should consider at least the following – (a) on/off pairing for same pair, (b) mixed TMs and (c) inclusion of legacy UEs as far-UEs
Evaluation of signaling methods 
 In this section we detail on several alternatives for the signaling based on Table 1, considering the targets specified in section ‎2. Further details were provided in [2]. 
[bookmark: _Ref430610985]Table 1 – Options for DL control signaling for MUST pair {UEN, UEF}
	Option 
	DL Signaling

	
	UEN
	UEF

	A
	High-level signaling
	DCI

	B
	New joint DCI format

	C
	New DCI format
	DCI

	D
	HL + DCI
	DCI

	E
	HL + DCI + dynamic indication
	DCI



Note: Blind-decoding receiver can still be considered with any of the options as a way to reduce the overall amount of assisted information to be delivered 
Option A – UEN receives higher-layer configuration of MUST along with the necessary assisted information for the UE it is paired with, while UEF receives legacy DCI. The main drawback is low flexibility in terms of re-pairing with other UE and how often the assisted information could be changed
Option B – Single DCI contains the combined required information. Overall size can be reduced, especially for the cases with same-precoder and/or aligned resource allocation.  New search-space has to be defined for this case 
Option C – New DCI format is sent to UEN while UEF receives the legacy DCI. Search space definition can remain the same here compared to option B. This DCI however, may be large and consume too much of PDCCH resources. It is especially true when more than one UEs is paired with UEN, mixed TMs, different precoder, etc.
Option D / Option E – UEN receives legacy DCI for itself and detects the DCI of UEF from UEF search-space. Complementary information if required is signaled via higher-layers (i.e. search-space of UEF, power allocation, TM). Option E is an enhancement to option D to include additional implicit/explicit dynamic signaling based on the DCI signaling to support. The main advantage of this option is small specification effort, same overhead as for legacy transmission schemes and support of section 2 targets.  
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	Option 
	Standard Effort
	UE Complexity[footnoteRef:1]  [1:  UE complexity here refers to required complexity to detect the DL signaling associated with MUST transmission. ] 

	Scheduling 
Flexibility
	Signaling 
Overhead
	Legacy UE Inclusion 

	A
	low
	low
	low
	low
	yes

	B
	high
	high
	high
	very low
	no

	C
	medium 
	low
	high
	high 
	yes

	D
	low
	medium
	medium 
	low 
	yes

	E
	low
	medium/low
	high
	low
	yes


In Table 2  we provide our view on the advantages and shortcomings for each of the options presented above. 
Proposal 2: RAN1 should consider the following signaling aspects with following order of priority: standard effort > scheduling flexibility > signaling overhead > legacy UE inclusion > UE complexity 
Conclusion
In this contribution we presented several use-cases and important aspects to be considered when evaluating different signaling alternatives. Based on these, we propose the following - 
[bookmark: _GoBack]Proposal 1: Design of DL control signaling should consider at least the following – (a) on/off pairing for same pair, (b) fallback scenario for mixed TMs and (c) inclusion of legacy UEs as far-UEs
Proposal 2: RAN1 should consider the following signaling aspects with following order of priority: standard effort > scheduling flexibility > signaling overhead > legacy UE inclusion > UE complexity 
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