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1. Introduction

Coordinated multiple point (CoMP) transmission/reception is one proposal for LTE-A to improve cell throughput and cell-edge coverage. CoMP transmission/reception is also considered as an effective approach for sending data to a single UE that is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs.
This contribution looks at the signalling support of the configuration of the cells used in CoMP transmission/reception.

2. Background
The discussion and conclusions from RAN WG1 [1] indicates that there will be the following CoMP sets: 

· CoMP cooperating set
· Set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE. Note that this set may or need not be transparent to the UE. 

· CoMP transmission point(s): point or set of points actively transmitting PDSCH to UE

· CoMP transmission point(s) is a subset of the CoMP cooperating set

· For Joint transmission, the CoMP transmission points are the points in the CoMP cooperating set 

· For Dynamic cell selection, a single point is the transmission point at every subframe. This transmission point can change dynamically within the CoMP cooperating set.  

· For Coordinated scheduling/beamforming, the CoMP transmission point corresponds to  the “serving cell”

· CoMP reporting set: set of cells about which channel state/statistical information related to their link to the UE is reported

· The CoMP reporting set may be the same as the CoMP cooperating set

· The actual UE reports may down-select cells for which actual feedback information is transmitted

In addition, we have: 

· Measurement set: in support of RRM measurements (already in Rel-8) and therefore not CoMP specific
An illustration of the definition of these sets is shown in figure 1. In this figure the CoMP cooperating set is defined as the set of cells which may or may not become CoMP transmission points. The UE has a measurement set defined of 7 cells in which it will make and report pre-defined measurements to the eNB. It can also perform CoMP reporting for a defined CoMP reporting set (5 cells). These measurements may be used at the eNB to define the CoMP transmission points (3 cells) which actively send PDSCH to the UE. 
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Figure 1 CoMP sets
3. CoMP Operation
Generally, to reduce the amount of signalling, the size of the CoMP reporting set and the CoMP cooperating set should be minimised.

If the UE is configured to send existing cell measurement reports, these could assist the setting up of the CoMP reporting set. For example, a measurement set can be defined where either a new measurement or existing LTE RSRP/RSRQ are reported. This measurement set may be the same as the CoMP cooperating set. The existing measurements made for normal cell-reselection purposes could be used, without having to define any new measurements to be used in CoMP operation.

The procedure for CoMP operation would then be as follows:

1. The UE is informed of a measurement set of cells which are subset of (or the same as) the CoMP cooperating set.
2. The UE sends measurements (RSRP, RSRQ) of cells which are in the measurement set.
3. The eNB can then decide to configure the UE with a CoMP reporting set, the size of this reporting set (being a subset of the cooperating set) is based on the previous measurements.
4. The eNB receives measurements and decides the CoMP transmission points. 
5. Detailed layer 1 information is required during CoMP operation from cells in the CoMP transmission point set.

The UE can be signalled details of the measurement set but not necessarily the CoMP cooperating set. 
The composition of the CoMP reporting set could be a relatively long term decision.  One possibility for the definition of this CoMP reporting set is that UE is semi-statically configured to measure and report on a UE specific set of cells using RRC signalling. 
For the UL and DL variants of CoMP it is likely that different reporting sets and different measurements will be required to support the supported CoMP schemes. It is expected that L2/3 measurements from the UE are sufficient to determine the CoMP transmission points, while Layer 1 information is required during CoMP operation.

4. UL Signalling for Reporting Set and CoMP Transmission Points Configuration

To enable the eNB to decide whether the CoMP transmission mode is to be used or not, and further to decide which cells are configured as the reporting set and the CoMP transmission points, a UE can report predefined measurements of cells that are in the measurement set to the eNB, for example, if a UE reports the SINRs  and SNRs (for example a combination of RSRP and RSRQ) of the measured cells to the eNB, then

· Firstly the eNB can determine the transmission mode based on the requirements on spectral efficiency and consideration of system complexity, according to the performance provided by different transmission modes under different SINRs;

· Secondly the eNB can configure the reporting set and the CoMP transmission points in turn by simply using the reported SNRs of the measured cells; one possible way to use the reported SNRs could be to ignore some weak channels that have low channel powers compared to a predefined threshold. 

Note that: 

· In the example above, the configuration of reporting set and CoMP transmission points can be accomplished by using the same kind and amount of UL signalling, thus the overhead could potentially be reduced;

· It is also possible that the size of configured reporting set is equal to the number of CoMP transmission points, in which case the reporting set is used as the transmission points indeed;

· The special case of standard non-CoMP operation can be treated as size one report set or one CoMP transmission point configuration;

· In LTE Rel-8 [2], the measurements RSRP and RSRQ have already been defined to support handover and cell reselection, which can possibly be adopted in the CoMP scenario to configure the reporting set and CoMP transmission points as described in the example above.

During CoMP operation PHY layer measurements with respect to the eNBs which form the CoMP transmission points set (e.g. PMI and CQI) will be required. This is similar to the non-CoMP CQI/PMI reporting in Rel-8 [3] but without the limitation to the serving cell only. However, to determine the reporting set and the CoMP transmission points, it is expected that layer 2/3 signalling is sufficient due to the following reasons:

· The configuration of CoMP reporting set and transmission points can be regarded as a generalisation of the standard cell selection/HO mechanism which relies on layer 2/3 signalling;

· Frequent re-configuration would result in increased signalling overhead between the serving eNB and the UE, since the Layer 1 feedback required during CoMP operation would have to be re-configured;

· Additionally, it is expected that frequent re-configuration would also increase signalling on the X2 interface required for eNB coordination.

In summary, it is proposed

· to  use layer 2/3 UE feedback for the configuration of CoMP reporting set and transmission points

· to place the following requirements on the signalling feedback from UEs for the selection of transmission mode, and furthermore the configuration of CoMP reporting set and transmission points:

· Small overhead, since a large number of UEs may be CoMP candidates

· Should allow to find the network wide optimal configuration of the CoMP reporting set and transmission points (e.g. in terms of spectral efficiency)

5. Conclusions

In this contribution we discussed the signalling requirements for the CoMP cooperating and measurement sets. We propose that:

1. The UE performs measurements in order to enable the eNB select transmission mode and define the CoMP reporting set and transmission points.

2. The CoMP reporting set is semi-statically configured by the network, using RRC signalling, to measure and report on a UE specific set of cells.

3. For the UL and DL variants of CoMP different reporting sets and different measurements may be required to support the supported CoMP schemes.

4. The UE performs Layer2/3 measurements to enable the eNB define the CoMP transmission points.
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