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1. Introduction

At the RAN1 #84bis meeting, some candidate parameters for assistance signaling were identified and an LS based on the following agreements was sent to RAN4 to facilitate feasibility study [1]. 
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

Without awaiting the LS reply from RAN4, some parts can be discussed in RAN1. In this contribution, we describe our views on some remaining issues and signaling design for DL MUST focusing on Case 1 and Case 2 using up to 2 Tx CRS-based transmission schemes.
2. Discussion on remaining issues

2.1. Modulation order for MUST-far UE
In case where the modulation order is not limited to QPSK and 16QAM is supported, scheduling flexibility for MUST paring may be increased, and such flexibility may bring some performance gain. Compared with the case where the modulation order is limited to QPSK, however, supporting 16QAM has some disadvantage as follows:
1. Additional signaling overhead and/or battery consumption for blind detection
2. Limited usage case and negligible performance improvement
Regarding the farmer aspect, since the modulation order of the MUST-far UE can be dynamically varied subframe by subframe, this parameter should be dynamically signaled to MUST-near UE if the blind detection is not feasible. Even though the blind detection is feasible, battery consumption for blind detection may be increased. Regarding the later aspect, we conducted the link performance evaluation when assuming QPSK and 16QAM for MUST-far UE in order to obtain insight about realistic usage case. Figures 1 and 2 show the required SNR of MUST-near UE to achieve 10% of BLER. In those figures, we assumed transmission power {0.053, 0.14} as examples. Note that “Rank x/y” denotes Rank x for MUST-near UE and Rank y for MUST-far UE. The evaluation assumption is summarized in Annex. From the results, if larger power ratio is assumed, e.g. 0.14, the efficiency of interference cancellation is seriously degraded compared with ideal IC. On the other hand, if smaller power ratio is assumed, e.g. 0.053, serious performance degradation is not observed, however, required SNR level is quite high (> 25dB) in some cases. In summary, realistic usage scenario for supporting 16QAM for MUST-far UE would be as follows:

· Lower power ratio (maybe around 0.05 for MUST-near UE)
· Rank 1/1 with 16QAM for both MUST-near UE and MUST-far UE 

· Rank 2/1 with QPSK for MUST-near UE and 16QAM for MUST-far UE
Hence, usage case is quite limited and performance gain from supporting 16QAM is questionable. In order to support 16QAM for MUST-far UE, the performance gains compared to only QPSK case should be further justified considering the trade-off between signalling overhead and performance gain.
Observation 1. Supporting 16QAM for MUST-far UE bring additional signaling overhead or battery consumption for blind detection.
Observation 2. Usage case of supporting 16QAM for MUST-far UE is limited and performance gain from supporting 16QAM for MUST-far UE is negligible.
Proposal 1 16QAM is not supported for MUST-far UE. 
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Figure 1. Required SNR for MUST-near UE (allocated power ratio = 0.053)
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Figure 2 Required SNR for MUST-near UE (allocated power ratio = 0.14
2.2. CFI assumption for MUST-paired UEs
If MUST-far UE is configured with cross carrier scheduling and semi-static CFI value for the corresponding cell, the CFI value is different between near-UE relying on PCFICH and far UE with higher-layer configured CFI. The efficiency of the interference cancellation may be degraded at the MUST near UE if effective CFI value is misrecognized. In order to avoid such a situation, there are two options as follows:
· Option 1: Assistance signalling  of effective CFI value

· Option 2: UE shall assume that co-scheduled UEs share the same CFI value.
MUST paired UE would be varied subframe by subframe and the CFI value for the paired UE should be dynamically signalled to MUST near-UEs. However, the benefit of such dynamic signalling is unclear. Also, the scenario where NOMA is applied to cross-carrier scheduled cells is also unclear. In summary, we consider option 2 is reasonable way to address this issue.

Proposal 2. UE shall assume that co-scheduled UEs share the same CFI value.

2.3. Transmission power allocation, PA, for MUST-paired UEs
Since transmission power allocation, PA, is signaled in user-specific manner, it may occur that PA value is different between MUST-paired UEs as shown in Fig.3.
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Figure 3. Transmission power allocation in non-MUST and MUST cases (just example)
In MUST, the modulation order of composite signal constellation is equivalently higher than QPSK, PA value should be recognized at the MUST-near UE side at least. For MUST-far UE, the situation is the same if 16QAM is supported. For this issue, we have some alternatives as follows:

· Alternative 1. UE shall assume that co-scheduled UEs share the same PA value
· Alternative 2. Blind detection without signaling
· Alternative 3. Blind detection with higher layer signaling similar to Rel.12 NAICS
· Alternative 4. Explicit signalling (dynamic or higher layer)
If Alternative 1 is selected, the specification impact will be limited in RAN1 specification. However, if Alternatives 2-4 are considered as the solution, feasibility study of blind detection is needed. 

Proposal 3. Discuss the usage case and scenario where PA values are different for MUST-paired UEs 
3. Signaling design
Which parameters should be signaled or not is depending on RAN4 study. However, RAN1 need to clarify the pros and cons for per PRB/RBG level signaling or common to all the scheduled PRBs in advance.
Above signaling granularity highly depends on the MUST scheduling scheme. From our perspective, there are roughly three scheduling schemes as follows:
· Case1: Resource alignment between near and far UE

· Case 2: Wideband power allocation without resource alignment

· Case 3: Subband power allocation without resource alignment
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Figure 4. MUST scheduling schemes (just example)
The case 1 might be the simplest scheduling scheme, and a resource assignment among the near and far UE is aligned to reduce scheduling complexity and signaling overhead as shown Fig. 4. In this case, assistance information can be signaled in per UE manner, but the system performance could be degraded due to the lack of scheduling flexibility. On the other hand, the case 3 might be the most flexible scheme, and unaligned resource assignment among the UEs and flexible power allocation per subband/RBG level are allowed to obtain further scheduling gain. However, such assumptions cause a large amount of the signaling overhead because assistance information, e.g. transmission power allocation, should be signaled per subband/RBG if there is some difficulty for the blind detection. Also, these assumptions may increase the complexity of decoding process at the receiver side.
The case 2 is a middle- approach considering the above tradeoff between the performance and signaling overhead/receiver complexity. In this case, flexible resource assignment per each subband/PRB can be allowed, but subband power allocation is not. Hence, signaling overhead can be reduced compared to the case 3, and the decoding complexity at the receiver side may be reasonable. The detailed scheduling scheme of the case 2 was described in [2]. From the above analysis, we proposed to consider the scheduling scheme like the case 2.
Proposal 4. Resource alignment among the near and far UEs is not necessary because such scheduling restriction does not really help to reduce signaling overhead and degrades the MUST performance.

Proposal 5. Wideband allocation of transmission power should be considered in order to reduce signaling overhead and complexity of decoding process at the receiver side.
4. Conclusion

In this contribution, we describe our views on some remaining issues and signaling design for DL MUST focusing on Case 1 and Case 2 using up to 2 Tx CRS-based transmission schemes. Our observations and proposals are summarized as follows:
Observation 1. Supporting 16QAM for MUST-far UE bring additional signaling overhead or battery consumption for blind detection.

Observation 2. Usage case of supporting 16QAM for MUST-far UE is limited and performance gain from supporting 16QAM for MUST-far UE is negligible.

Proposal 1 16QAM is not supported for MUST-far UE.

Proposal 2. UE shall assume that co-scheduled UEs share the same CFI value.

Proposal 3. Discuss the usage case and scenario where PA values are different for MUST-paired UEs.
Proposal 4. Resource alignment among the near and far UEs is not necessary because such scheduling restriction does not really help to reduce signaling overhead and degrades the MUST performance.

Proposal 5. Wideband allocation of transmission power should be considered in order to reduce signaling overhead and complexity of decoding process at the receiver side.
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Appendix
	Parameters
	Values

	System bandwidth
	10 MHz

	Occupied UE Tx bandwidth
	9 MHz (50 RBs)

	MIMO antenna configuration
	2-by-2 (Uncorrelated)

	Transmission mode
	TM4 (CRS based transmission)

	Number of Co-scheduled UEs
	2

	Modulation and coding scheme  (MCS) for MUST-near UE
	QPSK (R = 0.11 – 0.53),

	
	16QAM (R = 0.31 – 0.54),

	Channel model
	6 ray - GSM Typical Urban

	Maximum Doppler freq.
	5 Hz

	Channel estimation
	Realistic

	Number of control symbols
	2 OFDM symbol

	NOMA related
	Power ratio for near UE
	4 power set ={0.053, 0.14}

	
	Receiver
	Ideal SIC / R-ML

	
	Rank
	Rank-1/1, Rank-2/1, Rank-2/2 (Near/Far UE)
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