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1 Introduction
In the RAN#71 plenary meeting a work item on Downlink Multiuser Superposition Transmission for LTE was approved [1]. The main objective of the work item is to specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination. In this contribution we provide details of the possible specification support and signalling assistance required to support MUST schemes.
2 Discussion
The basic principle of the simultaneous transmission is illustrated in Figure 1, where two UEs scheduled for simultaneous downlink transmission are experiencing substantially different propagation conditions. In superposition transmission the total Tx power at the eNB is shared among two simultaneously transmitted signals (1st and 2nd) designated to UE1 and UE2. Furthermore, UE1, due to close proximity to the eNB, receives the signal with relatively low propagation loss comparing to the signal received by the UE2. 
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Figure 1: Illustration of downlink superposition transmission 

Due to different propagation conditions the MCS of the 1st signal is typically more robust than the MCS of the 2nd signal. In this case, the UE1, by using interference cancellation receiver, would be able to detect the 2nd signal of the 2nd UE and use the reconstructed version for interference cancellation. Therefore, the 1st signal in the evaluations is often considered as received without interference from the 2nd signal, although this assumption is not valid in practice when Tx/Rx impairments are considered. 

For enabling of the downlink multiuser superposition transmission the following functionalities are required:
Near UE
· Detection at the UE or signalling of the interfering parameters such as

· Power offsets

· Modulation order

· Interference presence

· Potentially transmission scheme or mode of the interfering signal 
· Interference cancellation at the UE

Two approaches to obtain information about interfering signal parameter may be considered for the near UE. In the first approach the required information can be obtained via dynamic signalling from the serving cell e.g. in DCI. However considering flexible MUST pairing per each RB such approach is not feasible and would require scheduling constraints or substantial signalling overhead. Furthermore, in the conventional MU-MIMO operation the transparent operations is assumed to provide flexibility in the scheduling such as frequency selective pairing of the different UEs and switching between SU and MU-MIMO. The possible interference handling and pairing variation across PRBs should be handled by the UE receivers without additional signalling assistance.
One of the approach of supporting MUST operation without scheduling constraints may rely on the UE receiver with blind detection of the serving and interfering signal parameters potentially with higher layer signaling assistance of the parameter subset.  Such approach of MUST may be used with R-ML receiver and would allow more flexible MUST pairing of the UEs on RB level. The performance comparison of MUST with blind detection of the serving and interfering power offsets is shown in Figure 2. 

In the evaluations, the blind detection of the power offsets was performed on RB basis only by the near UE. It is assumed that the far UE is served by QPSK modulation, so the blind detection of the interfering signal modulation was not used by the near UE. Furthermore, the far UE due to QPSK modulation, receives PDSCH without additional processing associated with blind detection of the signal parameters.
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Figure 2: Rate region for R-ML with genie aided and blind detection of the signal parameters
From Figure 2, it can be seen that there is almost no performance difference between the genie-aided R-ML receiver with perfect knowledge of the serving and interfering signal power offsets and the practical UE receiver with blind detection of these parameters. This can be explained by high interference power that makes estimation of the interfering signal parameter feasible. More specifically, the considered transmit power ratios between the far and near UEs of 6 dB, 8dB, 10dB and 12 dB result into interference over noise rations INRs (the serving signal is considered as part of the noise) for the interfering signal of 5.8dB, 7.7dB, 9.5dB and 11.3dB respectively. Such relatively high INR values are typically sufficient to provide a reliable detection of the interfering signal parameters including the power offsets.

Far UE
· Detection at the UE or signalling of the serving parameters such as

· Power offset
For far UE, a similar principles of obtaining PDSCH information may be considered. However comparing to the near UE only power offset detection for the serving PDSCH is required. At the same time as observed in the evaluation results provided in [2], the MUST scheduling for far UE in most of the cases assumes QPSK modulation for the serving PDSCH. QPSK modulation in general case doesn’t not require information about power offset for successful demodulation of PDSCH. As a result for CRS based transmission mode no additional specification change and signalling assistance would be required for MUST, because the power offset between CRS and PDSCH is not established when QPSK is used. However for DM-RS based transmission modes, the PDSCH power offset relative to UE-specific RS is currently restricted to either 0 or -3dB even QPSK modulation is used. Therefore, some relaxation in the existing power offset assumptions for TMs 9 and TM10 would be required. The example of the possible specification change to support MUST for the far UE is provided below:
	TS 36.213

…

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise.
For transmission mode 9 or 10, if MUST is configured by higher layers and if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume that for 16QAM, 64QAM, or 256QAM the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 
…



Summarizing discussion above we propose:
Proposal:

· To provide flexibility of scheduling, MUST should be supported by NAICS framework with blind detection of the interfering signal parameters without dynamic signaling 
· The PDSCH power offset relative to CRS or DM-RS for the near UE should be specified for MUST operation
· The Tx/Rv EVM should be considered in the definition of the power offset range

· The candidate PDSCH power offset range is from -12dB to -6 dB with step size of 1dB [2]
· The higher layer signaling of the PDSCH power offset subset for different modulations may be considered to reduce UE blind detection complexity
· No PDSCH power offset specification or signaling is needed for far UE 

· Some relaxation in the existing UE assumption for PDSCH power offset relative to DM-RS is required for QPSK modulation

· Possible signaling of the interfering transmission mode may be also considered if the benefits are found
3 Summary

In this contribution we have provided over views on the signalling assistance to support MUST schemes. Based on the discussion it was proposed:
Proposal:

· MUST should be supported by NAICS framework with blind detection of the interfering signal parameters without dynamic signaling 

· The PDSCH power offset relative to CRS or DM-RS for the near UE should be specified for MUST operation

· The Tx/Rv EVM should be considered in the definition of the power offset range

· The candidate PDSCH power offset range is from -12dB to -6 dB with step size of 1dB [2]
· The higher layer signaling of the PDSCH power offset subset for different modulations may be considered to reduce UE blind detection complexity

· No PDSCH power offset specification or signaling is needed for far UE 

· Some relaxation in the existing UE assumption for PDSCH power offset relative to DM-RS is required for QPSK modulation

· Possible signaling of the interfering transmission mode may be also considered if the benefits are found
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