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1 Introduction

In RAN #74 meeting, the core part of MUST WI has been completed. But there are still some remaining issues to be addressed. Consider the situation that a MUST-near UE for spatial multiplexing with a single layer in TM4 is paired with a MUST-far UE for spatial multiplexing with two layers in TM4. The power allocation between the two paired UEs has not been decided yet. Moreover, the MUST-near UE would have a misunderstanding on the total power of MUST layer since it is unaware of the number of layers for the paired MUST-far UE. In this contribution, we discuss the remaining issues on power allocation and signaling for MUST in TM4 and provide corresponding solutions. 
Note: Since only the UEs with spatial multiplexing in TM4 are considered here, thus we omit such description in rest parts of this paper to make the text more concise.
2 Discussion
Considering MUST Case 1 in TM4, there are four different pairing combinations including

•
Rank 1 MUST-far UE + Rank 1 MUST-near UE

•
Rank 1 MUST-far UE + Rank 2 MUST-near UE

•
Rank 2 MUST-far UE + Rank 2 MUST-near UE

•
Rank 2 MUST-far UE + Rank 1 MUST-near UE

The first three combinations have already been agreed to be supported and specified. While for the last combination, i.e., a MUST-far UE of rank 2 is paired with a MUST-near UE of rank 1, there is no explicit agreement. Since the performance gain provided by MUST is mainly determined by the overall pairing probability, thus the last combination needs to be supported in order to maintain notable performance gain for MUST. Or the performance gain of MUST would be negatively affected due to the reduction of pairing probability. On the other hand, such case can be very useful for the scenario that a MUST-near UE only has very small packages to be received, e.g., RLC layer feedback, charting on mobile social application and gaming application, and single layer transmission scheme is sufficient to transmit its package. Besides, it is noted that MUST gain comes from the successful transmission for MUST-near UE on the condition of no significant performance degradation for MUST-far UE. Thus, for a MUST-far UE with two layers, less performance degradation would be endured when it is paired with a MUST-near UE with a single layer than that with two layers. Therefore, it is necessary to support MUST transmission between a MUST-near UE with a single layer and a MUST-far UE with two layers.
2.1 On power allocation
Focusing on the scenario that a MUST-near UE with a single layer is paired with a MUST-far UE with two layers, the following two approaches for power allocation can be considered: 

· Option 1: Total power of MUST layer is equal to that of non-MUST layer.

· Option 2: The two layers of MUST-far UE are of equal power.

For a given UE, it would endure some performance loss when it is scheduled as a MUST-far UE compared with the case that it is scheduled alone due to the power splitting of MUST. The corresponding performance loss is mainly determined by the allocated power ratio between the two paired UEs. Given a certain power ratio, the power of MUST-far UE’s signal with option 1 would be larger than that with option 2, and thus the MUST-far UE can maintain better performance with option 1 compared with option 2. Besides, when option 1 is adopted, only the MUST layer of MUST-far UE may endure some performance loss and no negative impact would be caused for the non-MUST layer. While for option 2, the performance for both two layers of MUST-far UE would be degraded. Considering that option 1 has less negative impact on the performance of MUST-far UE than option 2, it is preferred to follow the power allocation method as introduced in option 1. 
Proposal 1: For UEs with spatial multiplexing in TM4, when a MUST-near UE with a single layer is paired with a MUST-far UE with two layers, the total power of MUST layer is equal to that of non-MUST layer.
2.2 On power information signaling
For a MUST-near UE with a single layer, the total power of MUST layer is equal to PDSCH EPRE when it is paired with a MUST-far UE with a single layer as shown in Figure 1(a). And when it is paired with a MUST-far UE with two layers, the total power of MUST layer would be less than PDSCH EPRE, e.g.,  half of the PDSCH EPRE which is illustrated in Figure 1(b). 
But in accordance with current spec [1], a MUST-near UE would always assume that the total power of MUST layer is equal to PDSCH EPRE. Thus, the MUST-near UE would have a misunderstanding on the total power of MUST layer when it is paired with a MUST-far UE with two layers. As a results, it would be ineffective for MUST-near UE to perform R-ML receiver for demodulation. 
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(a) Far UE with a single layer                             (b) Far UE with two layers

Figure 1. Illustration of power allocation for different scenarios

Observation: For UEs with spatial multiplexing in TM4, a MUST-near UE with a single layer would have a misunderstanding on total power of MUST layer when it is paired with a MUST-far UE with two layers.
To solve the problem, a straightforward approach is to signal the power information from eNB to MUST-near UE via DCI, and 1-bit is sufficient to distinct the two cases. Note that, two separate fields named “MUST interference presence and power ratio” have been added into DCI format 2 for MUST, and one of the two fields is reserved when the associated MUST-near UE is with a single layer. Thus, reusing such field for indication seems to be a good choice, which can avoid extra control overhead. In particular, it is proper to use MSB (LSB) of MUST interference presence and power ratio field corresponding to the disabled transport block for indication which is shown in the following table.

Table 1: Content of MSB of MUST interference presence and power ratio field corresponding to the disabled transport block in DCI format 2.

	Bit field
	message

	0
	0 dB power offset

	1
	-10log10(2) dB power offset


Proposal 2: Reuse the MUST interference presence and power ratio field corresponding to the disabled transport block to indicate the power information for MUST-near UE with a single layer in TM4.
3 Conclusions
In this contribution, remaining issues on power allocation and signaling for MUST in TM4 are discussed. The following observation and proposals are given.
Proposal 1: For UEs with spatial multiplexing in TM4, when a MUST-near UE with a single layer is paired with a MUST-far UE with two layers, the total power of MUST layer is equal to that of non-MUST layer.
Observation: For UEs with spatial multiplexing in TM4, a MUST-near UE with a single layer would have a misunderstanding on total power of MUST layer when it is paired with a MUST-far UE with two layers.
Proposal 2: Reuse the MUST interference presence and power ratio field corresponding to the disabled transport block to indicate the power information for MUST-near UE with a single layer in TM4.
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[1] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding". V14.1.1.
