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1. Introduction
At the RAN1#82bis meeting, potential assistance information was studied for MUST category 1, 2, and 3 [1]. In this contribution, based on its agreement, we discuss assistance information signalling for the MUST categories, focusing on R-ML, SLIC receiver and MMSE-IRC receiver.
2. Discussion on assistance information signalling
2.1 Support of Legacy UE in MUST
In the current TR, MMSE-IRC, (R-)ML, and SLIC have been captured as candidate receiver schemes for a far UE. However, transmit power of a far UE’s signal is typically larger than that of a paired near UE’s signal in MUST category 1 and 2. Therefore, the performance degradation might be marginal even if far UEs with MMSE-IRC and sufficiently lager power detects desired signals without any assistance information. In MUST category 3, no assistance information would be needed for a far UE [2]. Moreover, considering the scheduling flexibility and capacity enhancement, it is preferable that legacy UEs’ signals can be multiplexed as far UEs, since the MUST opportunities increase due to expansion of candidate UEs for MUST [3, 4].

Observation:
· Performance degradation of far UEs seems to be marginal even if no assistance information is utilized.

Proposal 1:
· Legacy UEs should be multiplexed as far UEs.

2.2 Assistance information signalling
In MUST signalling discussion, blind detection for radio parameters of a paired far UE has been proposed in the same manner as Rel.12 NAICS [4]. In Rel.12 NAICS, it is sufficient that the combination of blind detection of inter-cell interference signals and RRC signalling for candidates of radio parameters, because interference cancellation error can be equivalent to the fallback to Rel.11 performance. However, MUST is different from NAICS, because a near UE may fail to detect desired signals with less transmission power due to interference signals with larger transmission power if the near UE can’t recognize information on interference. In our view, it is preferable that assistance information is dynamically signaled to in order to avoid significant performance degradation.

Proposal 2:
· Assistance information should be dynamically signaled.

2.3 Candidates of Assistance information
For a near and far UE, (R-)ML and SLIC have been captured as candidates of available receiver type, since MUST interference needs to be cancelled. Additionally CWIC is also considered only for a near UE. As discussed in the last meeting, required information to a near UE may be different between (R-)ML / SLIC and CWIC because turbo decoding for a paired far UE may cause need of additional assistance information e.g. RNTI. This contribution focuses (R-)ML / SLIC receiver which would realize MUST less assistance information compared to CWIC.
Table 1 shows our views on the assistance information. The details of each candidate are mentioned in the Annex.
Table 1: Summary of assistance information signalling for MUST
	Information elements
	MUST category 1 and 2
	MUST category 3

	Existence of MUST interference
	Dynamic signalling
	Dynamic signalling (to extract desired coded bits)

	Modulation order
	No signalling (assuming QPSK for far UE)
	Dynamic signalling of modulation order of composite constellation

	Power allocation
	Dynamic signalling
	Not needed

	Resource allocation
	No signalling (assuming scheduling restriction in case of (R-)ML/SLIC)
	No signalling

	PDSCH RE mapping
	Assuming only QPSK for far UEs and so on
	Assuming only QPSK for far UEs and so on

	DMRS information 
	No signalling (assuming paired UEs using same antenna port)
	Not needed

	Transmission scheme 
	To be discussed after discussions on whether mixed transmission mode is assumed or not
	Not needed

	Precoding vector(s) 
	To be discussed after discussions on whether different precoder is assumed or not
	Not needed

	Bit allocation
	Not needed
	Dynamic signalling or predefined rule in the specification if adaptive bit allocation is supported



As shown in this table, we propose
Proposal 3:
· At least existence of MUST interference and transmission power allocation should be dynamically signaled.

3. Summary
In this contribution, we discussed assistance information signalling for MUST, and we propose the followings:
Observation:
· Performance degradation of far UEs seems to be marginal even if no assistance information is utilized.
Proposal 1:
· Legacy UEs should be multiplexed as far UEs.
Proposal 2:
· Assistance information to at least a near UE should be dynamically signaled.
Proposal 3:
· At least existence of MUST interference and transmission power allocation should be dynamically signaled.
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Annex
Our views on each listed information element captured in [1] are mentioned in the following.
Existence of MUST interference
To maximize the effect of MUST, it is preferable the eNB can determine whether to apply MUST not semi-statically but dynamically. Therefore, the existence of MUST interference should be dynamically signaled to a near UE in terms of receiver complexity and reliability. Moreover, when the same precoder is applied, one of the issues is whether to signal existence of MUST interference per spatial layer. When the eNB applies different rank to MUST paired UEs, signaling assistance information corresponding to all spatial layers causes high overhead which increases in proportion to the number of spatial layers. As a reasonable solution, assistance information signalling of existence of MUST interference per codeword has been proposed [5]. In this case, an eNB determines use of MUST per layers generated from a codeword. If the layers generated form a codeword are different in whether to use MUST or not, it may be difficult to adequately set the same MCS for these layers. When the number of layers is more than three, signalling per codeword can keep the same overhead as two layers transmission. In addition, existence of MUST interference may be implicitly signaled by other assistance information. In our view, existence of MUST interference should be implicitly / explicitly signaled per codeword.
Modulation order
To avoid detecting incorrect modulation order of the paired far UE, a near UE must recognize the modulation order of the paired far UE precisely. Therefore, it is preferred that the modulation order of the paired far UE is explicitly signaled to the near UE. However, generally speaking, the modulation order of a far UE is lower than the paired near UE in the MUST. Additionally, the probability of using higher order modulation for a far UE is very low [3]. Therefore, even if the modulation scheme of far UEs is limited to QPSK, this restriction would hardly affect the opportunities of MUST [4, 6]. On the assumption, it is not needed for a near UE to signal the modulation order of the paired far UE as assistance information signalling.
Transmission power allocation
MUST category 1 and 2 support superposition transmission with the adaptive power ratio. MUST category 1 and 2 have higher gain than the other category without adaptive power ratio [7]. For MUST gain, signalling of transmission power ratio should be discussed as baseline way [5, 6, 8]. If an eNB applies different rank to MUST paired UEs, dynamically signaling of transmission power ratio per codeword may be beneficial. Moreover, transmission power allocation should be dynamically signaled to the near UE even in DMRS-based transmission mode. If antenna ports for the near UE and the far UE are different, MUST may be realized without such a dynamic signalling, sacrificing opportunities of MU-MIMO. In order to obtain higher gain by simultaneous use of MUST and MU-MIMO, transmission power allocation should be dynamically signaled regardless transmission mode. This approach can also provide a consolidated solution in both MUST for CRS-base and DMRS-based transmission mode.
Resource allocation
A near UE with R-ML/SLIC does not need assistance of resource allocation with some scheduling restrictions. As shown in figure 1 (a), when an eNB aligns resource allocation for paired UEs, the near UE can assume the same resources used by the far UE without signalling. In the case of figure 1 (b), each near UE can deal with the paired far UE’s signal in the same manner as equal band resource allocation. On the other hand, we can consider the case that a near UE is multiplexed with multiple far UEs as shown in figure 1 (c) and (d). Firstly, if the multiple far UEs use the same modulation order and power ratio, assistance information signalling is not required since the near UE using R-ML or SLIC don’t have to consider the boundary of each far UE’s resource allocation [4]. Secondly, if the far UEs use different modulation order or different power ratio, it is required that the near UE perform blind detection or assistance information signalling for different parameters depending on resources. Therefore, if the eNB assumes the scheduling, such as figure 1 (a), (b), and (c), the signalling of the paired far UEs’ resource allocation is not needed for a near UE.
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            (a)  Equal band                      (b) Unequal band with near UEs
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    (c)  Unequal band with multiple far UEs        (d)  Unequal band with multiple far UEs
        (single assistance information)                 (multiple assistance information)

Fig. 1  Examples of resource allocation for MUST
PDSCH RE mapping information
A near UE can regard interference signal as the same modulation order on some assumptions even if the paired UEs differ in PDSCH starting symbol. For example, an assumption is that modulation order for a far UE limits to QPSK and QPSK symbols are allocated to all CCEs. Generally, QPSK symbol would be not always allocated on PDCCH. As a measure, the eNB should pair UEs configured with the same PDSCH starting symbol in MUST. With such a restriction, the near UE can detect desired signals without dynamic or semi-static signalling. Another issue is the MUST paired UEs configured with different PDSCH RE mapping at DMRS RE, e.g. a near UE configured with CRS-based TM and the paired far UE configured with DMRS-based TM. First of all, support of MUST of the paired UEs with different configuration should be discussed. If it is available, dynamic or higher layer signalling would be required.
DMRS information and transmission scheme of MUST paired UE
As described in the discussion of transmission power allocation, if antenna ports for the near UE and the far UE are the same, the near UE can obtain desired signal without DMRS information. Regarding assistance information signalling of transmission scheme for paired far UE, it should be discussed after support of mixed transmission mode is determined.
Precoding vector(s) of MUST paired UE
If different precoder for the paired MUST UEs is supported, assistance information signalling is needed. However, superposition transmission with different precoder is not assumed according to MUST study item description [9]. After whether MUST using different precoder is supported or not is discussed, need of assistance information signalling should be considered.
Modulation order and bit allocation information of composite constellation for MUST category 3
It is required to signal assistance information and predefine rule for MUST category 3. For example, a near UE would need to know modulation order after superposition coding and bit allocation of composite constellation. Additionally, to realize higher flexibility of bit allocation, the number of bits for signalling of bit allocation would increase in proportion to modulation order after superposition coding. One of the reasonable solutions is the combination of dynamic signalling for the number of allocated bit and predefined rule to know allocated bits.
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