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1. Introduction

The WID [1] justification of Downlink Multiuser Superposition Transmission for LTE describes:

The study item of Downlink Multiuser Superposition Transmission (MUST) was approved with the objectives including identifying possible enhancements of downlink multiuser transmission schemes within one cell, evaluating potential system level gain and performance/complexity trade off under realistic deployment scenarios and traffic model, and identifying required standard changes needed to assist UE to cancel or suppress intra-cell interference. RAN1 identified three MUST categories and candidate receiver schemes for MUST near and far users. RAN1 also identified potential parameters of assistance information for each identified receiver type to support MUST operation. These parameters may be signalled through higher-layer signalling or physical-layer control channel, blindly detected by receivers, tied to UE’s scheduling information or tied to specific UE assumptions. CSI enhancement is also identified as a potential way to increase the probability of MUST user pairing.

In RAN1 #84bis, it is agreed as below:

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

In this contribution, we discuss the downlink control signalling design for MUST assistance information.
2. Discussion

The potential assistance information for MUST category 1, 2, and 3 UE has been listed in section 5.3 of TR 36.859 [2] and may be delivered through higher-layer signalling or physical-layer control channel or blind detected by receivers. Since the data traffic and channel condition for each UE would be dynamically changed, semi-static linkage of a near UE and a far UE may reduce the utilization rate of MUST scheme. It seems not a good way to fully acquire MUST benefit on system capacity. Thus, dynamic pairing of a near UE and a far UE should be considered [3]. Also, dynamic switch between MUST and OMA should be supported. These can be the design principle for L1 downlink control signalling.  
Proposal 1: 
The design principle for downlink control signalling includes dynamic pairing of near UE and far UE, and dynamic switch between MUST and OMA. 
To achieve dynamic pairing, the first alternative is to design a new DCI including both near UE’s scheduling information and the assistance information [3]. Then, the near UE requires monitoring three DCI format sizes including fall back mode, legacy transmission mode and the MUST mode, in order to support dynamic switch as well. The new DCI may have coverage concern duo to larger DCI format size, especially the near UE adopts MIMO scheme. Besides, since most assistance information is the scheduling information of paired UE, it seems like duplicate transmission from system point of view.
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A second alternative is that the near UE receives the far UE’s DCI for acquiring assistance information [3] [4] [5], e.g. modulation order, precoding vector, resource allocation, and DMRS information of the MUST paired UE. One indication for dynamic switch can be added in the near UE’s DCI to indicate whether the near UE needs to receive the far UE’s DCI. Thus, the near UE requires monitoring three kinds of DCI formats including fall back mode, transmission mode with addition indication field, and the far UE’s DCI if existence of MUST interference is indicated. Otherwise, the near UE requires monitoring two kinds of DCI formats without the far UE’s DCI. To achieve dynamic pairing, the C-RNTI of the far UE has to be informed for the near UE. To reduce large overhead from including C-RNTI in DCI, the eNB can configure a set of paired UEs with their C-RNTIs, PDSCH RE mapping information and transmission modes via higher layer. The transmission power allocation can be also configured for the set of paired UEs, or be indicated in the near UE’s DCI. The resource block allocation field can be replaced for indicating a paired far UE from the set (and transmission power allocation), if the near UE assumed aligned resource allocation with the far UE.
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Following shows the comparison of the two alternatives. Both alternatives require signalling design complexity for delivering MUST assistance information for the near UE. The second alternative has no coverage concern of larger DCI format size and has efficient (no duplicate) information transmission from system point of view. It can avoid impact on control channel capacity. However, the near UE monitors and receives the far UE’s DCI after decoding its own DCI. It may induce little decoding latency. Consider the coverage and capacity of downlink control signalling, we think it would be a promising way to separate DCIs of near UE and far UE, and  the near UE can obtain MUST assistance information from receiving far UE’ DCI.
Proposal 2: Near UE obtains MUST assistance information from receiving far UE’ DCI.
	
	Joint DCI
	Separate DCIs

(Near UE receives Far UE’s DCI)

	New DCI format size
	Larger size than legacy DCI format
	· 1 more bit than legacy DCI format

	Control signalling design complexity
	New DCI format design
	Redefine some fields of legacy DCI 

	Efficient  information transmission (control channel capacity)
	Duplicate information transmission to both near UE and far UE from system point of view,
	· No duplicate information transmission.

	Coverage
	Coverage shortening due to larger DCI format size
	· Almost no impact.

	Decoding latency
	· 3 candidates of DCI format size
	Up to 3 candidates of DCI format size
Two-step decoding for MUST DCI


3. Conclusion

In this contribution, we discuss the two alternatives on MUST design on downlink control signalling. Based on the discussion, we have following proposal:
Proposal 1: 
The design principle for downlink control signalling includes dynamic pairing of near UE and far UE, and dynamic switch between MUST and OMA. 
Proposal 2: Near UE obtains MUST assistance information from receiving far UE’ DCI.
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