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[bookmark: _Ref129681832]In the MUST SID [1] it was demanded to:
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs)
During RAN1#82, it was suggested that realistic TM assignments for UEN and UEF should be taken into account and it was agreed to consider mixed-TMs schemes [2]. It was agreed that 
· The following combinations of mixed transmission schemes can be considered in MUST evaluation if time permits
· Transmit diversity scheme and large delay CDD scheme
· Transmit diversity scheme and closed-loop spatial multiplexing scheme
· Transmit diversity scheme and up to 8 layer transmission scheme
· Single-antenna port scheme (port 7 or 8) and large delay CDD scheme
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.
In this contribution we investigate pairing restrictions depending on the type of reference signals used by the UEs involved in a MUST pair.

Discussion
To increase the pool of MUST candidates, the most frequent TMs used in a real deployment should be considered [3]. Obviously, in order to increase the probability of MUST pairing, mixed transmission schemes should be allowed at least between the frequently used TMs.
Users within a MUST pair are multiplexed in the power domain. Far and near users being allocated very different power levels are likely to experience different propagation conditions and to have different communication needs that may correspond to different transmission modes. An example of typical use case is the need of pairing UEs in TM2/3 (e.g. cell-edge users needing transmit diversity to increase their link level performance) with UEs in TM4/8/9/10 (e.g. users close to the eNB having good link quality needing spatial multiplexing to increase their throughput), since many UEs in a cell are likely to be in this situation. For these reasons MUST pairing should not be restricted to users in the same TM [2]. Mixed transmission modes can be supported only by MUST Category 1 while the same transmission mode can be supported by all MUST categories [4]. 
For channel estimation for PDSCH coherent demodulation, either both UEF and UEN rely on CRS (same or different TM), either both UEF and UEN rely on DM-RS (same or different TM), or one of them relies on CRS and the other relies on DM-RS (different TMs, or same TM with one UE in fallback TxD and the other one using DM-RS).
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 shown in Figure 1. 

[bookmark: _Ref434425074]Figure 1 MUST pairing under a power scaling factor α
CRS-based transmission for both UEF and UEN
MUST pairing of 2 UEs using CRS-based channel estimation can occur when one or both UEs use transmit diversity, large delay CDD or closed-loop spatial multiplexing. This can occur when both UEs are in the same transmission mode (e.g. TM2+TM2, TM4+TM4, etc) or in different transmission modes (TM2+TM3, TM2+TM4, etc).
In CRS-based transmission, a UE knows its PDSCH-to-CRS EPRE from the user-specific parameter PA, semi-statically signalled via higher layers. PA can take one of the values [-6dB, -4.77dB, -3dB, -1.77dB, 0dB, 1dB, 2dB, 3dB] [5]. Up to Rel. 11 the PDSCH-to-CRS EPRE is not specified in the case of QPSK transmission. In Rel. 12, a UE using QPSK may be provided under certain restrictions a value P’A representative of its PDSCH-to-CRS EPRE via the optional parameter servCellp-a-r12 as NAICS assistance information.
MUST pairing is possible without any further signalling for the power scaling factor α by assigning convenient values of parameter PA to the near/far users as exemplified in Figure 2 . Transmission with the following values for power scaling factor α can be thus implemented through convenient choice of PA far/near:
α ={0.5000, 0.4484, 0.3610, 0.3333, 0.2653, 0.2500, 0.2096, 0.2000, 0.1912, 0.1733, 0.1667, 0.1477, 0.1429, 0.1287, 0.1250, 0.1140, 0.1111, 0.1000}

[bookmark: _Ref434504451]Figure 2 MUST pairing in CRS-based transmission
Of course, within a same MUST pair, these values can only be changed semi-statically, by PA reconfiguration. However, MUST re-pairing under a different power scaling ratio is possible at any time. To add more flexibility and/or more quantization levels, extra dynamic signalling of a ∆PA offset is possible. 
Although UEF does not need to know its exact PDSCH-to-RS EPRE in the demodulation process when it uses QPSK, UEN needs to know this value in the interference cancellation process in order to correctly reproduce and remove the signal dedicated to UEF from the total received signal. This issue is further discussed for legacy UEs in [6].
Observation #1: A large set of power scaling factors α can be implemented through convenient choice of PA far/near between UEs in CRS-based transmission as long as UEN has knowledge of the PDSCH-to-CRS EPRE of UEF. 
DM-RS-based transmission for both UEF and UEN
To avoid PDSCH/DM-RS interference when both UEs in a MUST pair use DM-RS, both paired UEs must have common understanding of the number of DM-RS REs in the MUST subframe. Alternatively, PDSCH of the UE assuming 12 DM-RS positions in the subframe should be punctured at the eNB when 24 DM-RS positions are used by the other UE.
It has been decided in RAN1#80bis that for evaluation purposes the same precoder for the superposed UEs is considered, but that this does not preclude the different precoder case.
In DM-RS-based transmission the DM-RS experiences the same precoding as PDSCH. If layers with different precoding are superposed in MUST transmission, different DM-RS sequences must be used. On the other hand, when the same precoder is used, some further analysis is necessary to determine whether the same or different DM-RSs should be assigned to the two UEs in the MUST shared layer.
The advantage of using different DM-RS sequences consists in a flexible power offset assignment [8]. The ratio of PDSCH EPRE to DM- RS EPRE is specified in TM 8/9/10 for all constellations, and in TM7 for 16QAM and 64QAM only. In these cases, UEN can compute the power offset α based on the power ratio between its own DM-RS sequence and the UEF DM-RS sequence as depicted in Figure 4. 

Figure 3 MUST pairing in DMRS-based transmission: different DM-RS sequences
UEF does not need to know the power offset α since it treats the UEN signal as noise [7] and MUST pairing does not change its PDSCH–to–DM-RS EPRE. When UEF is in TM7 and uses QPSK, its PDSCH-to-DM-RS EPRE is not specified and not needed by UEF. But UEN needs to use the exact PDSCH-to-DM-RS EPRE of UEF in the interference cancellation process in order to correctly reproduce and remove the signal dedicated to UEF from its received signal.
Assigning different DM-RS sequences within the MUST pair can be done:
· By assigning different nSCID values to the two UEs in the MUST pair; this introduces limitations on the number of layers per UE;
· By assigning different Virtual Cell IDs for UEs in TM10.
Observation #2: Using different DM-RS in MUST layers allows flexible implementation of any power factor α without any signalling.

The power split between the multiplexed DM-RS antenna ports in the case of assigning different DM-RS to the UEs paired in MUST can degrade the channel estimation performance [8]. This is particularly detrimental for UEN, for which channel estimation errors in the process of decoding the signal of UEF are amplified by the presence of the power offset α in the interference cancellation process.
From a channel estimation quality point of view, using the same DM-RS in the MUST layer is beneficial since it is equivalent to pilot boosting, especially for UEN. UEN needs to know anyway the DM-RS allocation and the resource allocation of UEF, but will need to be provided the power factor α.
DM-RS power for each UE can be set as if different DM-RS sequences were used (see Figure 4). If resource allocation is not aligned for the two UEs paired in MUST, PDSCH to DM-RS EPRE varies between different RBs, in function of the presence/absence of signal dedicated to the paired UE in that RBs. For UEF, this effect can remain transparent if QPSK is employed or if the power factor α is small enough. To avoid extra signalling and processing charge for UEF, the use of same DM-RS should be limited to situations where all the RBs allocated to UEF are also allocated to UEN.

[bookmark: _Ref434428180]Figure 4 MUST pairing in DMRS-based transmission: Same DM-RS sequences
Alternatively, to enable the use of legacy UEs as UEF and to save power, DM-RSN sequence can be muted on the RBs allocated to both UEF and UEN, and UEN can rely on UEF DM-RS for demodulation (see Figure 5).

[bookmark: _Ref434428342]Figure 5 MUST pairing in DMRS-based transmission: One muted DM-RS sequence

Assigning the same DM-RS within the MUST pair can be done in TM8/9 by assigning the same nSCID values to the two UEs in the MUST pair. In TM10, having the same DM-RS requires having the same virtual cell ID
Observation #3: Using the same DM-RS in MUST layers in TM 8/9/10 to improve channel estimation requires signalling of the power offset α; some resource allocation restrictions should also be foreseen.
UEF and UEN use a CRS-based transmission and a DM-RS-based transmission
In a MUST pair with UEs in the same TM with DM-RS based transmission, one of the UEs might fallback in CRS-based TxD, which can lead to having a CRS-based and a DM-RS-based transmission within the MUST pair. 
Mixed transmission modes may also lead to having a CRS-based and a DM-RS-based transmission within the MUST pair. The possibility of pairing users in different TMs increases the probability of MUST pairing. TM2/3 and TM8 have been identified as frequently used TMs in real deployments [3]. 
One scenario of mixed TM MUST pairing based on different types of reference signals is pairing a cell edge user enjoying 1-layer beamforming (TM8, DM-RS based) as UEF with a high speed cell-centre UE with large delay CDD (TM3, CRS-based) as UEN. UEN needs to estimate the channel of UEF based on UEF DM-RS corrupted by superposition with UEN PDSCH. This may lead to estimation errors, the impact of which is further amplified by the MUST power factor imbalance. To avoid such a scenario, PDSCHN should not be mapped on DM-RSF positions. This results in a small throughput penalty for UEN, but no extra signalling is needed since UEN needs to be aware of UEF’s TM and RA anyway. Another option is puncturing by the eNB of UEN PDSCH on UEF’s DM-RS positions.
Another scenario is pairing UEs at cell-edge (TxD, TM2 based on CRS) as UEF with dual layer cell centre UEs (TM8 based on DM-RS) as UEN. UEN needs to estimate the channel of UEF based on CRS. Imperfect estimation of UEF signal may lead to decoding failure of its own signal since DM-RSN are corrupted by superposition with PDSCHF. To avoid degraded channel estimation for UEN, PDSCHF should not be mapped on DM-RSN positions. Specific PDSCHF mapping excludes legacy far UEs from this type of pairing and needs extra signalling for MUST capable far UEs. Another solution is puncturing PDSCHF on DM-RSN positions, which brings a performance penalty for UEF. There is a trade-off between system gain from allowing this type of pairing on one hand, and the balance UEF PDSCH performance/UEN channel estimation performance on the other hand. This trade-off should be further investigated.
Observation #4: When allowing mixed MUST transmission between CRS-based and DM-RS-based transmissions, collision between PDSCH and DM-RS positions must be taken into account.

Conclusions
Observation #1: A large set of power scaling factors α can be implemented through convenient choice of PA far/near between UEs in CRS-based transmission as long as UEN has knowledge of the PDSCH-to-CRS EPRE of UEF.
Observation #2: Using different DM-RS in MUST layers allows flexible implementation of any power factor α without any signalling.
Observation #3: Using the same DM-RS in MUST layers in TM 8/9/10 to improve channel estimation requires signalling of the power offset α; some resource allocation restrictions should also be foreseen.
Observation #4: When allowing mixed MUST transmission between CRS-based and DM-RS-based transmissions, collision between PDSCH and DM-RS positions must be taken into account.
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