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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In order for MUST to result in increasing the system performance, MUST pairing should be enabled as often as possible and thus the pool of users available for MUST pairing should be as large as possible. The possibility of using legacy UEs as far UEs (UEF) in a MUST pair significantly improves the pairing probability.
For 16QAM and 64QAM, the ratio of PDSCH EPRE to cell-specific RS EPRE for each OFDM symbol is denoted by either ρA or ρB according to the OFDM symbol index, where ρA is a function of PA (UE specific parameter provided by higher layers) and the cell-specific ratio ρB/ρA depends on the cell-specific parameter PB also signalled by higher layers and of the number of configured eNodeB cell specific antenna ports [1]. PA can take one of the values [-6dB, -4.77dB, -3dB, -1.77dB, 0dB, 1dB, 2dB, 3dB] [2]. The ratio of PDSCH EPRE to cell-specific RS EPRE is not specified for QPSK prior to Rel. 12.
The ratio of PDSCH EPRE to UE-specific RS EPRE is specified in TM 8/9/10 for all constellations, and in TM7 for 16QAM and 64QAM only. This ratio is set to 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 
In this contribution we investigate the use of legacy UEs as UEF.

Discussion
One mean for increasing the pool of MUST candidates is to include legacy UEs as UEF. MUST pairing can be transparent for UEF since the signal of the near UE (UEN) can be treated as noise by the far receiver UEF under certain circumstances.
QPSK signal mapping at UEF
When UEF uses QPSK mapping, the semi-statically configured PDSCH-to-RS EPRE  is not needed by UEF for demodulation. The extra power scaling (depending on the dynamically configured power scaling factor α) is transparent to the UEF receiver which can process the received signal as in the absence of MUST pairing. 
This scenario raises problems for UEN receiver, which can correctly demodulate the UEF signal just as the UEF receiver, but needs to know both the power scaling factor α and the exact PDSCH-to-RS EPRE of UEF in the interference cancellation process in order to correctly reproduce and remove the signal dedicated to UEF from the total received signal. 
The PDSCH-to-RS EPRE of the legacy UEF using QPSK in TM 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or TM 1...7 can for example be set to a default value, known by UEN. Alternatively, a value representative of the PDSCH-to-RS EPRE of the legacy UEF needs to be provided to UEN via, for example, higher layer signalling.
Observation #1: When a legacy UE is UEF in a MUST pair, its PDSCH-to-RS EPRE needs to be set to a default value or to be signalled to UEN when UEF is using QPSK in CRS-based transmission (in TM 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in TM1...7).
Higher modulation signal mapping at UEF
When higher modulation orders are used, PDSCH-to-RS EPRE of UEF is specified and can be acquired by UEN
· Based on knowledge by UEN of the modulation order and TM of UEF if UEF uses a transmission based on DM-RS; this information needs to be known by UEN for demodulation purposes anyway, so no extra signalling is needed;
· Based on knowledge by UEN of the TM and the semi-statically configured parameter PA of UEF if UEF uses a transmission based on CRS.
For the legacy UEF on the other hand, MUST pairing is not completely transparent when CRS-based transmission is used. The extra power scaling (depending on the dynamically configured power scaling factor α) is affecting the constellation shape as shown in the example of Figure 1 and cannot be explicitly signalled to a legacy UE. 
We consider that on a given MUST layer a fraction α of the transmitted power is allocated to UEN and the rest 1-α is allocated to UEF as exemplified in Figure 2.

	
	



	Figure 1 Power scaling example for 16QAM (UEF)
	Figure 2 Far/near power multiplexing



A first approach is to allow legacy UEs employing higher order modulations to be paired in MUST as UEF only for α factors below a certain level. There is a trade-off between the benefit of increasing the MUST UE pool and the performance degradation brought by the use of a power scaling factor unknown by UEF. The threshold value up to which performance degradation can be considered acceptable depends on the modulation order, given that for example 64QAM is less robust than 16QAM. The threshold value for α should be small enough so as the performance degradation at UEF remains tolerable. The threshold value for α should be large enough so as the pairing probability is not unnecessarily reduced.
Observation #2: Legacy UEs in CRS-based transmission using 16/64QAM can be paired as UEF in a MUST pair for power scaling factors α below a certain threshold which needs to be further investigated.

A second approach relies on rendering the power scaling factor α transparent from the perspective of UEF using CRS-based transmission. This can be done for example by including its value in the signalled value of parameter PA. Since UEF is provided with a corrected value corresponding to the (1-α)–scaled PDSCH-to-CRS EPRE it can demodulate its own signal without any penalty caused by MUST power scaling. All layers of UEF must be in MUST mode with the same power factor in order to avoid different PA values between different layers. There are several drawbacks of this method, mainly due to the fact that the power scaling factor α should be dynamically configured, while parameter PA is semi-statically configured via higher layers:
· UEF is configured with a power scaling factor α which was rendered semi-static. Until the next reconfiguration of parameter PA UEF must remain paired with the same UEN or be re-paired with another UEN under the same power scaling factor α. 
· It was shown in [3] that fixed power allocation can achieve similar MUST performance as adaptive power allocation, so this is not a strong constraint. 
· When such (re)pairing is not possible, PDSCH of UEF must remain de-boosted by a factor 1-α until the value of parameter PA can be reconfigured via higher layers
· The power scaling factor α can be implemented by setting the power of UEN PDSCH to a conveniently backed-off value with respect to the power of legacy UEF. Specific restrictions from UEN point of view depending on whether it uses CRS or DM-RS-based transmission are further discussed in [4]
Observation #3 : Legacy UEs in CRS-based transmission using 16/64QAM can be paired as UEF in a MUST pair by implicitly including the value of the power scaling factor (1-α) in the signalled value of parameter PA.

Conclusions
Observation #1: When a legacy UE is UEF in a MUST pair, its PDSCH-to-RS EPRE needs to be set to a default value or to be signalled to UEN when UEF is using QPSK in TM 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in TM1...7.

Observation #2: Legacy UEs in CRS-based transmission using 16/64QAM can be paired as UEF in a MUST pair for power scaling factors α below a certain threshold which needs to be further investigated.

Observation #3 : Legacy UEs in CRS-based transmission using 16/64QAM can be paired as UEF in a MUST pair by implicitly including the value of the power scaling factor (1-α) in the signalled value of parameter PA.
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