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[bookmark: _Ref301342314]Introduction
In this contribution we discuss transmission principles for data channels in general and in particular in the context of multi-antenna transmissions. As this is a high level contribution, it applies to both UL and DL unless otherwise stated. 
Discussion 
In this section we discuss the main principles for data transmission in NR. We suggest that a physical data channel (PDCH) is introduced in NR and by targeting a symmetrical air interface for NR, the PDCH is used in downlink as well as in the uplink.
In most cases, but not all, the link adaptation for PDCH is associated with a CSI measurement, either at the receiver which requires feedback or at the transmitter directly. As there are many possible ways to obtain CSI (closed loop feedback, reciprocity, codebook based, …) for pre-coder selection and link adaptation in the multi antenna context, there is a risk that this leads to a large number of different PDCH transmission modes in NR, which is highly undesirable. 
A first principle in the design of the PDCH transmission should therefore be that we should target a design for the PDCH transmission as independent to how the CSI was obtained. Additionally, due to the fact the NR is more prone to symmetrical links, the PDCH design should strive to be as similar for DL and UL respectively. For time critical applications, there may be no CSI available at all for PDCH link adaption.
Proposal: 
· PDCH design and transmission should not depend on how and if the CSI was obtained and we should strive for the same design for UL and DL respectively.
Although a single PDCH design that is agnostic to CSI acquisition operation is proposed, there could however be a distinction on whether the PDCH supports HARQ or not, i.e. the PDCH may be optimized for different error operational points as well as depending on the use case. 
Moreover, the same PDCH and associated RS design should allow for both fully digital as well as analog multi-antenna precoding implementations. The same PDCH design should be applicable for a few as well as for a massive number of transmit antennas. 
Dependencies between PDCH or RS transmissions across subframes and resource blocks should be avoided (i.e. a “stay in the box” transmission principle should be adopted). As a baseline, reference signals necessary for channel estimation typically are transmitted in the same subframe, over the same bandwidth (same RBs), and in the same beam as the corresponding data (unlike LTE where cell-specific reference signals in previous subframes can be used to aid channel estimation). This principle helps making transmitter-side beamforming (multi-antenna) schemes more transparent to the receiver and thereby allowing for greater network deployment flexibility. These self-contained transmissions also simplify coexistence of different services and long term RAT-maintenance and evolution. Furthermore, multi-connectivity use-cases should be easier to design and support when all transmissions are well confined in time and frequency.
In case a deviation from the self-contained principle is needed, it should be controlled by the network. For instance, channel estimation would benefit from jointly making use of RS in subsequent scheduled subframes.  
Including the control channels (e.g., DCI or UCI) with associated RSs in the same confined time frequency resource region as the data PDCH fulfills the “stay in the box” design. For example, in the downlink, the scheduling DCI is transmitted by a control PDCH embedded in the same space and time/frequency resource region and sometimes even in the same beam as the data PDCH. 
One benefit of such transmission is greatly improved network deployment flexibility compared to LTE leading to transparency for the receiver on how the transmission is made. For example, flexibility to whether and what type of precoding or digital/analog implementation is used, and in the downlink, transparency from which network node the transmission takes place. Self-contained and stay in the box transmission also leads to simpler design of multi-connectivity use cases and simple co-existence with future RAT evolution as well as built-in support of equipment that cannot access the full bandwidth (e.g. mMTC).  Additionally, this minimizes the always on signals and thus reduces interference plus improves energy efficiency. 
Note that in some use cases, cross subframe channel estimation may be greatly beneficial, and in this case the network can enable such operation in the terminal, to deviate from the basic self contained principle. However, this is an exception and is used when needed only.  
Proposals: 
· Strive for a system design relying as much as possible on that data (and control) and associated RSs are self-contained in a time and frequency region. 
· Departures, if any, from a self-contained design is under network control 
An important aspect of such self contained design is the quasi co-location (QCL) assumptions, e.g. how and on what signal to perform initial frequency offset estimation. 
The fundamental principle of QCL in NR should be the following
Proposal: 
· An antenna port in NR is not QCL with any other antenna port unless explicitly stated otherwise 	
In some cases, such as for small scheduling bandwidths, the RS in the self contained transmission region may not be sufficient for e.g. frequency offset estimation. How well the use of embedded RS works for this purpose, for instance when the scheduling bandwidth is small needs to be evaluated. The network may in some cases configure a QCL relation between reference signals inside and outside the self contained PDCH transmission, for instance those defined for mobility measurements (MRS). 
The flexibility promised by self-contained transmissions natively enables the use of dynamic point selection transmission of PDCH. There are also corner effects which results in large SNR drop, particularly at high frequencies. These cases implies a large dynamic range of the received signals, so investigating how and ensuring that AGC settings can be determined based on signals in the immediate vicinity of the data to be received is also necessary for NR study item. 
Proposal: 
· Investigate whether there is an issue with AGC for various use cases, scenarios and carrier frequencies  
Conclusions
Based on the discussion in this paper, we summarize the following proposals:
· PDCH design and transmission should not depend on how and if the CSI was obtained and we should strive for the same design for UL and DL respectively.
· Strive for a system design relying as much as possible on that data (and control) and associated RSs are self-contained in a time and frequency region. 
· Departures, if any, from a self-contained design is under network control 
· An antenna port in NR is not QCL with any other antenna port unless explicitly stated otherwise
· Investigate whether there is an issue with AGC for various use cases, scenarios and carrier frequencies  



