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1. Discussion
1.1. Downlink CoMP
In the general sense, downlink CoMP implies dynamic coordination between downlink transmissions from multiple geographically separated transmission points. Examples of such coordination include
· Dynamic coordination in the scheduling between the transmission points (e.g. allowing for dynamic interference coordination)
· Joint transmission to a UE from multiple transmission points with dynamic selection of the transmission weights

· Fast switching of the transmission to a UE between the transmission points (in some sense a special case of joint transmission) 

Note that current LTE multiple-antenna transmission schemes can be seen as a kind of downlink CoMP. Nothing fundamentally prevents the physical antennas corresponding to the different antenna ports of an LTE release 8 cell to be geographically separated and multi-antenna transmission to a UE, e.g. by means of transmit diversity or spatial multiplexing, then obviously implies joint transmission to the UE from a set of geographically separated transmission points. What should be considered for LTE-Advanced is the support for more general downlink CoMP allowing for coordination between a more arbitrary set of transmission points, i.e. not only the points corresponding to the (up to) four antenna points of an LTE release 8 cell. Furthermore, release 8 multi-antenna transmission is limited to a very specific set of transmission schemes (transmit diversity and open-loop/closed-loop codebook-based spatial multiplexing). These transmission schemes may not be optimal in the case of distributed transmission points. 

To extend downlink coordinated transmission beyond the four antenna ports of an LTE release 8 cell, two approaches can be taken

· Extend LTE release 8 multi-antenna transmission to more than four antenna ports within a cell and limit the coordination to these antenna ports i.e. coordination only within a cell.
· Introduce the possibility for dynamic coordination also between cells
It should be noted that the support for downlink spatial multiplexing with up to eight layers is already considered for LTE-Advanced. Thus LTE multi-antenna transmission may anyway be extended up to e.g. 8 antenna ports as part of the evolution to LTE​-Advanced.  
However, downlink CoMP based on an extended number of antenna ports within a cell has some issues related to backwards compatibility. In such a cell with an extended number of antenna ports, basic downlink transmissions such as BCH and other system-information transmissions must still be carried out using at most four antenna ports in order to preserve backwards compatibility with LTE release 8. A CoMP transmission scenario with distributed antenna ports can thus not use all antenna ports for e.g. the BCH/system-information transmission, with a negative impact on the coverage of these transmissions as a consequence. 
Thus, if downlink CoMP should be introduced as part of the LTE evolution towards LTE-Advanced we believe it should include the possibility for coordination between different cells. More specifically, we believe that studies on downlink CoMP during the LTE study item should focus on the coordination between cells, while the possible introduction of an extended number of antenna ports within a cell should primarily be covered by the studies on the introduction of higher-order spatial multiplexing for LTE. 
An obvious question is if coordination between cells can extend to cells of different eNB (“inter-eNB CoMP”) or should be limited to cells within one eNB (“intra-eNB CoMP”). It is then important to have the following in mind:
· From a radio-interface-specification point-of-view this is an irrelevant question as the radio-interface specification does not distinguish between the case of cells of the same eNB and cells of different eNB. Alternatively expressed, a UE has no knowledge if two cells belong to the same or different eNB. Thus the question whether or not inter-eNB coordination should be supported has no impact on any radio-interface specification. 
· Limiting coordination to cells of the same eNB is not necessarily the same thing as limiting coordination to e.g. the three sectors of a cell site in case of a traditional 3-sector-per-site deployment. Fundamentally, the eNB entity is unrelated to a cell site and can very well include a large number of cells that may very well be geographically separated from each other (a “normal” main-remote deployment is one simple example of this). In some specific scenarios, such as indoor deployments, having a single eNB covering a large number of (distributed) cells may very well be the normal case. 
Thus, from now on we assume that what is being coordinated are the transmissions from different cells (obviously each cell can still include multiple antenna ports) and we do not here further address the issue if coordination is between cells of different eNB or only between cells of the same eNB. 
Note that the question if coordination should extend to cells of different eNB or be limited to cells within one eNB does have relevance from a radio-network-architecture point-of-view, as the former implies that information related to the coordination may need to be communicated over network-internal interfaces. RAN1 may then need to provide input on this information even though no RAN1 specification would be impacted. 
The impact of downlink CoMP on any radio-interface specification mainly relates to two areas:

· Downlink signaling of the processing carried out as part of the coordination
· Uplink reporting of channel conditions to assist the coordination at the network side

To what extent downlink signaling is needed at least partly depends on the assumptions regarding what reference signals are used for channel estimation for coherent demodulation for the downlink coordinated transmission. 

Channel estimation can be assumed to be based on the cell-specific reference signals of the coordinated cells. A UE must then be informed, by means of downlink signaling, about what transmission processing is carried out at the different cells. As an example, if fast cell selection is applied, the UE must be informed from what cell transmission is carried in the given subframe in order to understand what set of reference signals to use for the channel estimation. As another example, if some kind of codebook based multi-cell precoding is applied, the UE most be informed from what set of cells and with what precoding the transmission is carried out. 
Alternatively, channel estimation can be assumed to be based on UE-specific reference signals being the same for the transmissions from the different cells to a UE. The UE does then not need to be informed exactly from what set of cells the transmission is carried out. Note that, in case spatial multiplexing should be supported as part of downlink CoMP, which we believe should be the case, multiple UE-specific reference signals would be needed. 
To what extent uplink reporting of channel conditions is needed depends on to what extent exact instantaneous channel conditions are utilized in the coordination. It also partly depends on the duplex arrangement.
If instantaneous channel conditions are expected to be used as part of the coordination at the network side, information about these channel conditions has to be provided by the UE by means of uplink reporting, at least in case of FDD-based duplex operation. It may be considered if, in case of TDD-based duplex operation, the extent of the uplink reporting can be reduced.

Altogether this leads to the following three approaches to downlink CoMP [1], see also Table 1.
Approach A

Approach A assumes no explicit CoMP-related uplink reporting of instantaneous downlink channel characteristics, nor any downlink signaling indicating the exact processing applied to the downlink data transmission as part of the coordination.  

In case of approach A, any CoMP processing at the network side can thus only take DL/UL-reciprocal channel characteristics into account. In case of FDD, only average channel characteristics can thus be taken into account in the CoMP processing while, in case of TDD, more rapidly channel characteristics, including multipath fading, may potentially be possible to take into account.
Approach B

Approach B assumes CoMP-related uplink reporting of downlink channel characteristics. However, similar to Approach A, Approach B assumes no downlink signaling indicating the exact processing applied to the downlink data transmission as part of the coordination.
Approach C

Similar to Approach B, Approach C assumes CoMP-relatedc uplink reporting of downlink channel characteristics. Furthermore, Approach C assumes explicit signaling of the processing applied to the downlink data transmission as part of the coordination, implying that downlink data transmission can be from cell-specific antenna ports. 
	
	Approach A
	Approach B
	Approach 

	Detectability/measurability
	No
	Yes
	Yes

	Downlink signaling of coordination
	No
	No 
	Yes

	Impact on RI spec.
	None
	UE reporting
	UE reporting and downlink signaling


Table 1
As was stated in [1], we see approach A, having no impact on the radio-interface specification, as the baseline approach. Furthermore, in between approach B and C we prefer approach B as it is more flexible and associated with less downlink overhead. 
1.2. Uplink CoMP

In addition to downlink CoMP one can also envision Uplink CoMP. Uplink CoMP implies a possibility for joint processing of signals being received at multiple, geographically separated points. It may also imply a dynamic coordination in the uplink scheduling related to different reception point. In general, a UE does not need to be aware of at what network nodes its transmission is being received and what processing is carried out on the corresponding received signals. What a UE needs to know is how any downlink signaling associated with uplink transmission (scheduling grants, HARQ acknowledgements, and/or power-control commands) is being provided. However, in a CoMP-based deployment, the corresponding downlink transmission can simply take place from a “serving cell”, in the same way as for LTE release 8. Thus our current understanding is that uplink CoMP can be introduced within an LTE network without any impact on the LTE radio-interface specification.

2. Summary
2.1. Downlink CoMP

In the general sense, downlink CoMP implies dynamic coordination between downlink transmissions from multiple geographically separated transmission points including (among other things):

· Dynamic coordination in the scheduling between the transmission points

· Joint transmission to a UE from multiple transmission points

· Fast switching of the transmission to a UE between the transmission points
Downlink CoMP should include the possibility of coordination between different cells, i.e. not just between distributed antenna ports within a cell. Whether the cells are part of the same eNB or can be part of different eNB has no impact on the radio-interface specification. 

Radio-interface standardization related to downlink CoMP covers two areas:

· Potential standardization of uplink reporting of dynamic channel conditions related to multiple cell sites

· Potential standardization of the processing before transmission at the different cell sites involved in the CoMP transmission and corresponding downlink signaling related to that processing.
Based on this we have outlined three basic approaches to downlink CoMP:
	
	Approach A
	Approach B
	Approach 

	Detectability/measurability
	No
	Yes
	Yes

	Downlink signaling of coordination
	No
	No 
	Yes

	Impact on RI spec.
	None
	UE reporting
	UE reporting and downlink signaling


2.2. Uplink CoMP

Uplink CoMP can be introduced in a radio network with no impact on the radio-interface specifications.
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