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1. Introduction

Downlink Coordinated Multi Point (CoMP) transmission is one of the technology components considered for the evolution of LTE (“LTE-Advanced”). Especially, downlink CoMP is seen as a possible way to further improve the LTE downlink coverage for high data rates. 

Downlink CoMP implies dynamic coordination among multiple geographically separated transmission points. TR36.814 currently considers two types of downlink CoMP: Coordinated Scheduling and Joint Transmission. In this paper we focus on joint-transmission. Our understanding is that coordinated scheduling has very little, if any, impact on the radio-access specifications and thus requires very limited, if any, specification effort by RAN WG1
. 
We assume that the transmission points mentioned above may correspond to different cell sites, i.e. transmission points associated with different cells. Note that this does not necessarily imply that the coordinated (joint) transmission itself conceptually originates from multiple cells. Whether or not that is the case e.g. depends on the assumptions regarding demodulation reference symbols, see below. 
2. Discussions

In this paper, we discuss the following aspects of joint transmission

· Assumptions regarding demodulation RS (UE-specific or cell-specific RS)

· Control-region size for coordinated cells
·  CoMP/coordination clusters

· Intra-eNB vs. inter-eNB coordination 

2.1. Assumptions regarding demodulation RS
It has been identified that one key issue in terms of joint transmission is what kind of reference symbols should be assumed for UE channel estimation to support coherent demodulation (“demodulation RS”). The two main alternatives are :
· Use of the cell-specific reference symbols (CRS) of the cells involved in the joint transmission. 

· Use of UE specific reference symbols
We prefer the use of UE-specific RS for joint transmission, primarily as it substantially simplifies the specification of joint transmission. More specifically, by relying on UE-specific reference symbols for demodulation, the actual joint transmission can be made completely invisible to the UE. Alternatively expressed, the CoMP transmission would appear exactly as a beam-formed transmission from a single cell. As an example, in the same way as for antenna-port-5 transmission, the exact choice of joint-transmission parameters that can be applied can then be left to network implementation and does not need to be pre-defined. Taking into account the wide-range of scenarios in which joint transmission may be applied, leading to different “requirements” on the joint-transmission parameters, this is clearly beneficial
In case of the use of UE-specific RS, these RS may be the currently defined UE-specific RS corresponding to antenna-port-5 transmission. However, extended/updated UE-specific RS should also be considered. As a minimum, UE-specific RS should be extended to support multi-layer transmission (note that this is anyway proposed for “normal” antenna-port-5 beam-forming). Furthermore, additional extensions to allow for e.g. different reference-symbol densities should also be considered. 
2.2. PDSCH-to-CRS interference

A concern has been raised about the interference from the CoMP-based PDSCH transmission to cell-specific RS (CRS) in part of the cells (physically) involved in the joint transmission. Such interference occurs if different frequency shifts are used for the CRS in the cells involved in the joint transmission and, at the same time, the PDSCH mapping is assumed to be the same in all the cells.  

It should be noted that this situation does not only occur when UE-specific RS is assumed for joint transmission. Rather it occurs as soon there is an assumption that PDSCH is mapped to the same set of resource elements in all cells physically involved in the CoMP transmission (which seems to be assumed in most papers on joint transmission, also when cell-specific RS is assumed as demodulation RS). 
It can also be noted that, at least when UE-specific RS is assumed for demodulation (and, conceptually, there is only a single cell involved in the CoMP transmission), this interference is, conceptually, “normal” inter-cell interference to the CRS. What is specific in this case is, of course, that the “cell-shape” is very strange with cells physically very much overlapping.

It is not clear though how serious this interference is. 
The interference only occurs if different RS frequency shifts are used in the cells physically involved in the CoMP transmission. One way to avoid the interference would thus be to use the same frequency shifts in all cells involved in the joint transmission. Restriction to using the same frequency shift in cells involved in the joint transmission has two “drawbacks” though:
· It would limit the number of available physical-layer cell identities to 168 (assuming at least two cell-specific antenna ports per cell). However, we do not see this as a serious problem. The additional planning effort should be very limited, compared to the effort of introducing joint transmission in itself.

· Any benefit of RS power boosting would be reduced. Note however, that the benefits of RS boosting in a CoMP scenario is, in itself, not clear. 
Furthermore, even if different frequency shifts are used, PDSCH-to-CRS interference only occurs to CRS in resource blocks used for joint transmission (more specifically only to CRS in the “PDSCH part” of such resource blocks). At the same time, if UE-specific RS is assumed for joint transmission, PDSCH demodulation in these resource blocks does not rely on CRS. Thus the PDSCH-to-CRS interference should mainly be an “edge” problem (resource blocks at the “edge” of a non-CoMP resource-block assignment impacted by degraded channel estimation due to averaging between resource blocks in the channel estimation). 

Finally, the PDSCH-to-CRS interference should only be an issue for UEs close to the cell site, i.e. UEs that would otherwise have experienced only very limited CRS interference. 
2.3. Control-region size for coordinated cells
Questions have been raised regarding the PDSCH mapping in case of joint transmission from a set of cells with mutually different sizes of the control region (i.e. the number of OFDM symbols to which PDCCH is mapped within a cell).

It should first be repeated that if UE-specific reference symbols are assumed to be used for demodulation in case of joint transmission, conceptually there is only a single cell involved in the joint transmission. Thus, in that case the notion of “different control-region sizes” does not really exist. From a UE point-of-view, there is only a single cell and the UE should assume PDSCH mapping according to the control-region size of that cell. 
Furthermore, even if the CRS-approach to joint transmission is adopted (and the joint transmission thus is, also conceptually, from multiple cells), we think that the most straightforward solution should be adopted, i.e. the PDSCH should mapped to the same set of resource elements in all cells involved in the joint transmission and this set of resource elements should be aligned with the control-region size of the serving (“anchor”) cell.
If some of the cells from which the PDSCH is physically transmitted has a smaller control-region size than the serving cell one could of course envision that these “non-used” resource elements could be used for some other kind of transmission within these cells. However, such special transmission solutions obviously imply additional complexity both in terms of specification and in terms of UE implementation and thus should only be considered for adoption if substantial benefits in terms of efficiency can be shown. Currently we do not foresee this to be the case.
2.4. Coordination clusters
There has been a discussion about “coordination clusters”, i.e. the set of cells that can be involved in a specific coordinated transmission and if such clusters should be on a network level, i.e. the cells of a network are relatively statically divided into such clusters, or UE-specific, i.e. the clustering is specific (and semi-statically changing) for each UE.

In an actual network implementation it may obviously very well be reasons to define some kind of network-level clustering of cells that can be coordinated.
However, from a UE, and thus also from a radio-interface-specification, point-of-view, we do not see a need to define any such network-level clustering. Rather, we envision that a UE is semi-statically configured by the network to measure and report on a UE-specific set of cells (similar to an “active set” in UTRA). Depending on the approach taken e.g. for the demodulation RS, this set of cells may then also be relevant (from the UE point-of-view) for the actual joint transmission. Any network-level restrictions to the set of cells that can be coordinated should be network-internal, invisible to the UE, and thus not an issue for RAN WG1. 
2.5. Intra-eNB vs. inter-eNB Coordination
It has been suggested that there may be some fundamental difference in terms of joint transmission between cells of the same and different eNB and that, therefore, it may be a beneficial for a UE to understand whether or not two cells belong to the same or different eNB. We do not see such a need.

Clearly, in a practical scenario, joint transmission between different eNB may be substantially more complex/difficult, compared to joint transmission within an eNB. However, there may also be other reasons why e.g. joint transmission is more difficult to apply in some cases, compared to other cases (e.g. depending on the inter-site distance). However, limiting certain coordination schemes to certain cell combinations should be a network-internal issue and nothing that should be visible to the UE.
It is also be understood that, from a UE point-of-view, all cells look the same, regardless of whether or not they are part of the same eNB. Thus there are no UE complexity benefits of limiting certain coordination schemes to be intra-eNB only.  

3. Proposals for conclusion
The following is proposed to be agreed upon:

· Downlink joint transmissions is assumed to be based on UE-specific reference signals for demodulation

· The PDSCH mapping is the same for all “cells” involved in the joint transmission

· Coordination clusters, if defined in the radio-interface specifications, are UE specific

· No distinction between intra-eNB and inter-eNB coordination from a UE, and thus radio-interface, point-of-view. A UE is not aware if two coordinated cells belong to the same or different eNB.
.

� A note of Fast Site Selection: Although this may be somewhat against current definitions in TR36.814, we see Fast Site Selection, where transmission is from a single cell site but where the cell site to transmit from may change dynamically, as a special case of joint transmission. More specifically, fast site selection is just joint transmission with specific constraints to the transmission weights (non-zero weights only for one cell at a time). 








