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1 Introduction
In RAN #71, a new Work Item, Downlink Multiuser Superposition Transmission (MUST) for LTE, was approved [1] including the following objective.

The detailed objectives include:
3.
(RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.

o
The configuration of downlink multiuser superposition transmission.

o
Starting 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.
In this contribution, we present some candidate for assistance information and propose one method to reduce the amount of assistance information. 
2 Discussion of Signaling Method
2.1 Assistance Information
In MUST schemes, assistance information is required for UE receivers to cancel the inter-superposition-layer interference, with details depending on MUST categories and receiver types. If we assume UE of MUST category 1 or 2 using Reduced complexity Maximum Likelihood (R-ML) / Symbol Level Interference Cancellation (SLIC) receiver, the assistance information in Table 1 is needed. 
TR 36.859 mentioned that methods which may be considered for obtaining this assistance information are: signaling (higher layer signaling or dynamic signaling), Blind detection, tied to the UE’s scheduling information, or tied to specific UE assumptions (e.g. UE assumes aligned resource allocation). We consider each method in the next section.

Table 1. Assistance Information for MUST Category 1 & 2 UE using R-ML / SLIC receiver
	Assistance Information
	Comment of TR 36.859 [2] - 5.3.1 section

	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
	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.


2.2 Candidate Signaling Method

Option A. Higher Layer Signaling
Near UE receives the own legacy Downlink Control Information (DCI) and higher-layer configuration of the necessary assistance information of paired Far UE. Far UE receives only the own legacy DCI. This method can save the physical resource size compared with other methods and allow MUST to be applied to more UE types, including legacy UEs, without additional DCI and Blind-decoding requirements. However this method, limits the flexibility in terms of re-pairing the UEs. If dynamic pairing is required for MUST, we should consider new use of a new DCI, Blind detection of Far UE DCI or other method.
Option B. Dynamic Signaling with Control Information Shared among Near UE and Far UE
Near UE and Far UE receives the New DCI for MUST. This new DCI includes the Near UE and Far UE control information, and additional information (e.g. Power Allocation, etc.) which legacy DCI does not have. This method can save control information physical resource size compared with other methods because Near UE and Far UE’s legacy DCIs are replaced with a New DCI, therefore additional resource size is related to additional information size. But this method cannot be used by the legacy UE as Far UE. For this reason, the applicability of MUST will be reduced compared with other method. In addition to these, we need to consider how to scramble the Cyclic Redundancy Check (CRC) bits of the New DCI because legacy DCI uses the UE’s Cell-Radio Network Temporary Identifier (C-RNTI) for CRC bits scrambling.
Option C. Dynamic Signaling with Control Information including Assistance Information of Far UE
Near UE receives the new DCI and Far UE receives only its own legacy DCI. This new DCI includes the Near UE and Far UE control information, and additional information (e.g. Power Allocation, etc.). This method can provide the Near UE with the Far UE control information and supports the use of legacy UEs as the Far UE. But the control information resource size increases according to the assistance information size of the Far UE. If we assume some restrictions of the MUST Far UE condition, the control information resources can be reduced. However, if we consider further enhancement to MUST, we may need to modify the DCI format again.
Option D. Dynamic Signaling via Additional Blind Detection of Control Information for Far UE
Near UE receives the new DCI including additional information (e.g. Power Allocation, etc.) and tries to decode the Far UE DCI. Far UE receives only its own legacy DCI. This method can save control information resource size because it can reduce the amount of Far UE information in the new DCI. In addition, this option can support a legacy UE as the Far UE. But the Near UE additionally needs to perform a Blind-decoding procedure of the Far UE DCI and needs the Far UE C-RNTI to find the search space and de-scramble the CRC bits of the DCI. To get the Far UE C-RNTI, there are several possible ways.
(I). Higher layer signaling provide the set of the Far UE C-RNTI candidates
(II). Include in the new DCI

(III). Introduce the New C-RNTI for MUST

Alt. (I) provides the set of the Far UE C-RNTI candidates to the Near UE via higher layer signaling. The Near UE tries Blind-decoding with all Far UE C-RNTI candidates until the CRC is matched. As the number of C-RNTI candidates increases, the possibility of applying MUST will be increased but more higher layer signaling will then need to include an increasing number of C-RNTIs and the false alarm rate at the Near UE of the Far UE DCI will increase.
Alt. (II) includes the Far UE C-RNTI in the new DCI. This increases the flexibility of MUST pairing, but the new DCI size increases by 16 bits of Far UE C-RNTI.
Alt. (III) introduces the new C-RNTI of Near UE & Far UE for MUST [3]. We temporary call it “MUST C-RNTI” in this document. Near UE decodes the own DCI with Near UE C-RNTI and tries to decode the Far UE DCI and check CRC with all MUST C-RNTI candidates. 
It is important to consider which alternative is a reasonable method in Option D.

We think that Option D should be considered as top priority for MUST signaling method because it can support the legacy UE as the Far UE, has higher re-pairing flexibility and the control information resource size is smaller compared with other methods.
Proposal 1: Dynamic Signaling via Additional Blind Detection of Control Information for Far UE should be considered as top priority for MUST signaling method.
3 Proposal Efficient Method for the Assistance Information Signaling
In this section, we propose one method to reduce the signaling requirements for two pieces of assistance information, “Existence/processing of MUST interference per spatial layer” and “Transmission power allocation of its PDSCH and MUST far UE’s PDSCH” from the new DCI for MUST. LTE TS 36.212 [4] specifies that the CRC bits of DCI are scrambled by the C-RNTI of the UE. We propose to handle these two pieces of assistance information using scrambling of the new DCI’s CRC. It is proposed that the “Existence/processing of MUST interference per spatial layer” and “Transmission power allocation of its PDSCH and MUST far UE’s PDSCH” are jointly coded, e.g. as per Table 1 to create a “UE transmit power allocation mask”. The CRC of the new DCI is then scrambled by an XOR operation with the near UE’s C-RNTI followed by an XOR operation with the “UE transmit power allocation mask”. 
Table 1: UE transmit power allocation mask (For example)
	UE Transmit Power Alloc. 
	Power Alloc mask
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	Near UE
Tx Power ratio
	Far UE
Tx Power ratio

	UE Transmit Power Alloc. 0
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>
	Must not applied

	UE Transmit Power Alloc. 1
	<1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>
	A %
	100  A %

	UE Transmit Power Alloc. 2
	<0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>
	B %
	100  B %

	UE Transmit Power Alloc. 3
	<1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>
	C %
	100  C %


An example of the Near UE DCI decoding procedure is:
1.
Near UE decodes own DCI and tries descrambling CRC bits of DCI by own C-RNTI only.

2-1. If CRC is matched, Near UE judges that MUST is not applied, then continue to legacy sequence.

2-2. If CRC is not matched, UE tries descrambling CRC by own C-RNTI and each power allocation mask.

3.
If CRC is matched, Near UE judges that MUST is applied with the given power allocation ratio and continue to MUST decoding sequence.

This proposed method can provide two essential pieces of information for MUST category 1 & 2 with R-ML / SLIC receiver through the blind decoding of the DCI’s CRC only. The MUST scheme can provide these information using physical layer procedures only without introducing a new DCI and Blind-decoding of Far UE. If the Near UE needs other assistance information, it is possible for it to Blind-decode the Far UE without introducing a new DCI. We note that there may need to be higher layer signaling for checking whether the serving cell supports MUST or does not support MUST because the Near UE only tries this CRC checking flow in MUST supported cells.
Proposal 2: RAN1 should consider using the DCI’s CRC scrambling for more efficient signaling of assistance information.

4 Conclusions
In this contribution, we present some candidate for assistance information and propose one method for more efficient signaling of assistance information. The following proposals are made for MUST signaling. 
Proposal 1: Dynamic Signaling via Additional Blind Detection of Control Information for Far UE should be considered as top priority for MUST signaling method.
Proposal 2: RAN1 should consider using the DCI’s CRC scrambling for more efficient signaling of assistance information.
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