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Introduction
[bookmark: _GoBack]The study item for multiuser superposition transmission (MUST) was approved in RAN#67. So far RAN1 discussions were focused around deployment assumptions as well as on evaluation methodology so that estimated gain for using this transmission scheme could be simulated properly. There are still additional objectives to be covered during the study [1] – 
· Identify and study possible enhancements of downlink multiuser transmission schemes for the superposition of PDSCH and PDSCH within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.


As part of the required standard changes needed to support multiuser transmission scheme, this contribution considers the options for downlink signaling. 

[bookmark: _Ref427237558]Downlink Signaling for MUST 
A general description of a paired transmission for multi-user (MU) transmission is comprised out of near-UEs (UEN) and far-UEs (UEF), where in the simple case UEF may be expected to apply only single-user (SU) receiver on the received data. UEN on the other hand, are expected to apply MU-receiver on the received data. The downlink signaling for MUST is composed of assisted-information associated with the data of the paired UE(s) as well as additional control signaling.
At least for UEN to apply MU receiver (e.g. CWIC/R-ML) it has to be aware of the physical-layer parameters of the additional layers which are sent with superposition on top of its own layers (e.g. MCS, RV, resource allocation…) . Whether UEF has to be aware it is paired in this transmission scheme has not been decided on yet. We describe few options on how such information may be conveyed - 
· Option 1: Higher-layer signaling
From UEN this option is attractive since it receives ahead the assisted-information before the transmission(s). From signaling perspective it is convenient if the pairing is for long-term. This however, does not take into account that UEN and UEF would not necessarily share equivalent traffic patterns or instantaneous channel conditions, hence the set {UEN, UEF} is not likely to be superposed continuously throughout the configuration period. This option therefore imposes restrictions both on the duration of a superposition transmission of paired UEs, and on how often the DL parameters of UEF could be changed. Furthermore, if signaling includes information on multiple UEs, there have to be some indication on which of the UE(s) is being paired at a given time, if any. 

Observation #1:  Dynamic pairing is limited if only semi-static signaling is applied  

· Option 2: Joint DCI
Sending a single DCI common to both UEs instead of separate signaling has the advantage of possible reduced DCI overhead compared to separate DCIs, as some of the information is common (power-ratio, resource allocation, precoding vector). Compared to the previous option it can allow more frequent re-pairing of UEs. However, for this option the definition of search-space should then be modified. In addition this means that legacy UEs could not be paired into multi-user scheme as they are not familiar with this DCI[footnoteRef:1]. If this method is selected, there should be some convention so that each UE reading this DCI understand whether it is expected to act as UEN or UEF.  [1:  It should be noted that in some cases legacy UEs could not participate in MUST scheme (if for example the power-allocation is unknown).] 

Observation #2:  Joint-DCI signaling methods may restrict the inclusion of legacy-UEs in MUST scheme  
· Option 3: Modified DCI with legacy DCI
This option proposes that one legacy DCI is sent towards UEF, and a modified DCI to the UEN. Modified DCI then can carry the assisted-information to apply multi-user receiver, so only one DCI processing is required for each UE. The modified DCI may be large especially when 2 layers of superposition are sent. Since path-loss is a slowly time-varying parameter for UEs with moderate mobility, it may be useful to pair between UEs for longer term than 1 subframe. Then some of assisted-information may be saved (for example, power-allocation ratio). 

Observation #3: Modified DCI with legacy DCI may be of large size. Some parameters could be considered as semi-static to reduce the signaling overhead. 

· Option 4: Legacy DCI with legacy DCI
With this option UEN has to detect the content of DCIN along with DCIF. Therefore an increased complexity in the DCI decoding effort for UEN. If this option is selected, UEN  has to be familiar with the search-space of UEF.  This option offers the benefit of reduced standard work as no re-design of new message formats is needed, while it still allows some legacy UEs to be part of MUST. 
Observation#4: re-using legacy DCI formats minimize the specification effort.
Observation#5:  Impact of signaling on UE complexity should be considered.
· Option 5: Combination of higher-layer signaling and dynamic signaling
To overcome the drawbacks of higher-layer signaling mentioned above, it is reasonable to describe an alternative – higher-layer configuration is sent to UEN which is in MUST scheme. It can include semi-static parameters of other UEs which are candidate to be paired with it. Then, with dynamic signaling (either DCI or other method), it can be quite easy to signal which UEF(s) are now scheduled with it as well as the assisted information (again, DCI or other method).
The table below summarizes the pros/cons of the above options from the perspective of UE complexity, signalling overhead as well as specification impact as per the description in [1].
Table 1 - Comparison between different signaling approaches for MUST
	
	Standard Effort
	UE Complexity[footnoteRef:2]  [2:  UE complexity here refers to required complexity to detect the DL signaling associated with MUST transmission. ] 

	Scheduling 
Flexibility
	Signaling 
Overhead
	Legacy UE Inclusion 

	HL signaling
	low
	low
	low
	low
	yes

	Joint DCI
	high
	high
	high
	very low
	no

	Modified DCI / legacy DCI
	medium 
	low
	high
	high 
	yes

	Legacy DCIs
	low
	medium
	medium 
	low 
	yes

	HL + dynamic signaling 
	low
	medium/low
	low
	low
	yes



We find the best tradeoff is captured as follows:
Proposal #1: RAN1 should consider a combination of higher-layer and dynamic signaling 
Proposal #2: Re-using existing DCI formats is preferred to reduce specification effort 
UE types allowed for pairing 
In another Rel-13 WI [2], RAN1 is currently defining coverage enhancement (CE) mechanisms to support UEs in low-coverage. The transmission towards these UEs span over long duration (e.g. tens to hundreds) of subframes where the same transport block is transmitted with repetition/bundling. It should be noted that such UEs inheritably can be considered as candidates for UEF for several reasons: 
1. UE operating CE  is already with large path-loss
2. UE operating CE is assumed to have low-mobility so pairing could be relevant for longer period. This eases the pairing effort from scheduler side
3. Since same TB is sent, the burden on UEN receiver is relaxed. Up to time-varying channel estimation, no decoding is required at each repetition instance. For SIC receiver this means only reconstruction-cancellation is needed. Considering decoding takes most of the processing effort, it is now scaled by a factor of ≈ (1 / M) where M denotes for the number of repetition subframes 
Some drawbacks of involving UEs operating CE is their transmission BW is limited to 6 PRBs, as the option for them to perform frequency hopping which may not be aligned with resource allocation of UEN. If assuming that superposition can take place even during most of the subframes for a bundled transmission towards UEF operating CE, it may still be beneficial. Also, if scheduled BW for UEN allows, superposition of 2 UEF both operating CE is attractive as well. 
Besides UEs operating CE, as mentioned in ‎Section 2, it is for the benefit of the network to also allow legacy UEs up to some extend to participate in MUST scheme. This increases the probability of successful pairing, and an overall system gain. We think that at least in some cases also UEF should be aware of its paired transmission, and considering all options for UEF (legacy/non-legacy) the overall capacity gain is achieved only when it is not bounded by moderate pairing probability levels.  
  Proposal #3: RAN1 will study UEs operating CE to be considered as part of a MUST transmission scheme 
  Proposal #4: RAN1 will study legacy UEs to be considered as part of a MUST transmission scheme 
Conclusion
In this contribution we discussed signaling aspects for UEs in MUST scheme, as well as types of UEs to be considered under this scheme. 
Proposal #1: RAN1 should consider a combination of higher-layer and dynamic signaling to allow scheduling flexibility together with low signaling overhead. This option to be captured in the TR
Proposal #2: re-using existing DCI formats is preferred to reduce specification effort 
Proposal #3: UEs operating CE to be considered as part of a MUST transmission scheme 
Proposal #4: Legacy UEs to be considered as part of a MUST transmission scheme 
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