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1
Introduction

The study item proposal in [1]  includes the description of superposition coding as follows:
· 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 separation ((i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
In this contribution we elaborate on existing LTE transmission characteristics and their applicability under the “same spatial precoding vector or the same transmit diversity scheme over the same REs” constrain. 
2
Discussion
A component of this study relies on the correct understanding of same spatial characteristics transmission, in this case captured as same precoder or transmit diversity. In the following we address first the precoding concept and in the later part of the paper we discuss aspects related to the current DL transmission characteristics in LTE.

2.1 The precoding concept

The precoding concept typically refers to the process of applying transmit weights to an array of antennas with the purpose of directional transmission which can be seen also as steering energy to specific targets. The beam shape which is the result of precoded transmission is dependent on the number of transmit antennas, precoding weights and antenna-element beam shape. Depending on the scope of the transmission, different beam shapes can be formed, for example wide-beams/circulating-beams (open-loop precoding) are needed to create coverage in an LTE system while narrow beams (closed-loop precoding) would have the benefit of steering energy to a particular receiving point. 
2.2 Transmission schemes characteristics
The current specification refers to 10 transmission modes, however behind these modes there are four transmission schemes (TS) from the perspective of spatial characteristics like precoding and the corresponding rank. These four transmission schemes are: transmit diversity (TxD), LD CDD, closed loop MIMO (CRS-based operation) and beamforming (DMRS-based operation). The main question we try to answer next is if current LTE transmission schemes can be understood as candidates for same beam transmission as mentioned in [1]. In the following we perform a short analysis of the differences between these schemes from the “precoding” perspective.

2.2.1 Transmit diversity
Transmit diversity is known in LTE as Space Frequency Block Coding (SFBC). While stemming from the well known Alamouti scheme, the SFBC is performed across pairs of complex valued modulation symbols which are mapped to OFDM subcarriers of the transmission antennas in such a way that the first antenna is transmitting clean symbols while the other antenna (in a 2Tx system) is transmitting complex conjugated and/or sign reversed symbols. These two mathematical operations have no impact on final modulation constellation of transmitted symbols, and therefore SFBC can be considered as rank 2 transmission with identity precoder [image: image2.png]


, i.e. each symbol is transmitted with omnidirectional beam. 
Observation

· Transmit diversity relies on a wide beam/precoder operation

2.2.2 LD CDD

In large delay cyclic delay diversity, as the name says already, the intention is to create a frequency selectivity effect to the transmitted signal by transmitting from different antennas delayed replicas of the same signal. In LTE, this diversity effect is achieved by cycling through the precoders of a 2 Tx and 4 Tx release 8 codebook. Precoders are changed every n subcarriers where n depends on the number of transmitted layers, as LD CDD supports the transmission of 2, 3 or 4 layers. For illustration, eNB with 2 Tx antennas scheduling user in rank 2 LD CDD, transmits following precoder on the consecutive groups of 4 consecutive subcarriers 
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Observation

· LD CDD makes use of existing precoders and cycles through such precoders with rather fast periodicity.
· Users configured with LD CDD would utilize same precoders at same time, hence they can be categorized as transmitting with same precoder.
· Each codeword of a user served in rank2 TM3 is transmitted on whole precoding space.
Having discussed the transmit diversity and LD CDD procedures, it is worth mentioning that TM3 is formed by TxD for rank 1 and LD CDD for higher ranks. Hence rank adaptation of TM3 implies switching between these two types of schemes, in other words between transmitting with precoders creating wide beams or dynamic cycling through precoders creating narrower beams which however cover the whole precoding space, Figure 1.  If for example two users are super positioned scheduled in TM3, one served with SFBC and the other with LD CDD (hence three total layers spatially multiplexed), can be seen as a “simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial separation”.
Observation

· Two users served in rank1 and rank2 TM3 are in simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial separation.
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Figure 1: The comparison of spatial properties of TxD and LD CDD

2.2.3 Closed loop MIMO (CRS based operation) and Beamforming techniques (DM-RS based operation)
The closed loop MIMO techniques are utilizing a predefined precoding codebook where the UE is reporting best precoding matrix maximizing the receiver SNR while the eNB is encoding the DL transmission based on the reported precoder. The channel estimation for demodulation is performed by the UE on the non-precoded CRS while the effective channel is constructed based on the estimated channel and the reported (or indicated by the eNB) precoder. Both closed loop MIMO (CRS based operation) and beamforming techniques (DM-RS transmission) are making use of precoders for their DL PDSCH transmission. Yet, the DM-RS based operation can be seen as bringing more eNB flexibility especially when MU-MIMO is utilized. Indeed, as both the DM-RS and the PDSCH are precoded (beamformed) with the same transmission weights, the eNB can change these in a more flexible way, replying either on the reported PMIs or on estimated PMIs based on the UL sounding (when TDD reciprocity is valid).
Despite the fact that the precoding principles are rather straight forward in this situation, one particular discussion is needed with respect to rank adaptation and what this means from the perspective of superposed transmission. Several points of view may be expressed:

· The current Rel 8 LTE codebook is designed based on the principle of nested property, that is a higher rank PMI matrix is containing lower rank PMI, something which is particularly useful when the UE reports a high rank PMI and the eNB decides to utilize a lower rank, for example in situations when dynamic SU/MU switching is performed. 

· In DM-RS based beamforming, the superposed UEs may be geographically located on the same line of sight from with respect to the eNB, hence in the same beam from the perspective of how energy is radiated from the transmitter. However, from a precoding perspective, the eNB may utilize different precoders for the two UEs due to feedback quantization.
In closed loop MIMO and beamfoming transmission, the eNB is having several options with respect to the superposed transmission handling. One option is not to utilize any transmit processing and allow the pairing of different ranks which share the same precoder for one layer. The UE transmitting with higher rank would experience an orthogonal precoder with the one used for superposed transmission. Such operation does not violate the current SID description and also does not impose any unnecessary penalty on the system operation, such as allowing superposed transmission only in cases when same rank is reported.
Another option increasing the superposed transmission pairing probability is to allow in superposed transmission UEs reporting different precoders, with or without involving eNB processing. One of the UEs, for example the near UE, would be forced in utilising the far UE precoder, at the expense of a performance penalty which overall might not penalise much the sum throughput gain. 
Proposals: 
· Pairing of different ranks for far and near UE in closed loop mode should be investigated.

· Superposed transmission of neighbouring reported precoders should not be precluded.

We further note that if no eNB precoder processing is involved, the pairing of CRS and DMRS based modes should be possible as long as same precoder is utilized. The benefits of such operation are two folded. This would give the opportunity of legacy UEs (however only as far UEs and using CRS) to be paired with more advanced UEs (using DMRS). The utilization of CRS and DMRS may be motivated also from the perspective of far and near UE in the case when better precoding and channel estimation is desired at the cell edge (far UE) while the near UE could utilize CRS based operation.
Proposals: 
· Superposed transmission of CRS and DMRS UEs sharing the same precoder should be studied.

Wrapping up the discussion on transmission schemes/modes, we need to point out that the system flexibility consists of unrestricted utilization all available dimensions like time/frequency/space, that is the eNB may freely utilize different transmission modes in time and frequency, make use of rank adaptation, dynamically adjusting the system operation based on the systems’s needs and user’s experienced physical conditions. From this perspective, increasing the probability of superposed transmission should be performed with no constraints on the rank or the transmission modes configured to the near and far UE pairs.

3
Conclusions

In this contribution we have been presenting views with respect to the superposed transmission schemes. The following proposals can be summarized.
Proposals: 

· Pairing of different ranks for far and near UE in closed loop mode should be investigated.
· Superposed transmission of neighbouring reported precoders should not be precluded.

· Superposed transmission of CRS and DMRS UEs sharing the same precoder should be studied.
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