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1. Introduction
A CoMP Work Item [1] was approved in RAN plenary 53. The work for specifying CoMP support in Rel-11 should focus on: 
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking

In DL PDSCH transmission, a UE needs to know the PDSCH EPRE in order to decode the PDSCH successfully. The UE needs to know what PDSCH EPRE to assume for CSI reporting. In Rel. 10, the PDSCH EPRE is defined in Section 5.2 of [2]. In this contribution, we discuss the implication of the Rel.10 definition of PDSCH EPRE for DL CoMP transmission. 

2. Discussion
In Rel.10, EPRE of PDSCH is determined relative to the EPRE of CRS or DM-RS. In transmission mode 1-7, or in transmission mode 8 or 9 in OFDM symbols not containing DM-RS, 
PDSCH EPRE is determined by two parameters, 
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. The parameters 
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 defines the ratio between PDSCH EPRE and cell-specific RS EPRS in OFDM symbols not containing cell-specific RS or DM-RS.  The parameter 
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 is set on a per-UE basis and is signaled through higher layer. The parameter 
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 defines the ratio between PDSCH EPRE and cell-specific RS EPRS in OFDM symbols with cell-specific RS. It is signaled by the higher layer through the cell-specific parameter 
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. When DM-RS is used in transmission mode 9, PDSCH EPRE within OFDM symbols containing DM-RS is set based on the DM-RS EPRE. The ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for a number of transmission layers less than or equal to two and -3 dB otherwise. Notice that the TM modes interesting to DL CoMP transmission is TM9 when DM-RS is used, and TM4 if use of CRS for CoMP is also supported [3]. For TM9, PDSCH EPRE is related to both DM-RS and CRS EPRE. For TM4, PDSCH EPRE is related to CRS EPRE. 
In Rel.10, the transmission of PDSCH is always through the serving cell of an UE. A UE can be configured with the cell-specific parameter 
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 and UE-specific 
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 through high layer signaling so there is no room for ambiguity. With the introduction of DL CoMP (DPS, CS/CB or JT), the PDSCH transmission potentially can come from one of several TPs from different cells (DPS or CS/CB), or from several TPs from different cells simultaneously (JT).  From the PDSCH EPRE point of view, because the parameter  
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 and 
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 are either UE specific or cell specific, potential confusion may arise at UE. We discuss this problem in different scenarios and potential solutions. 
2.1. Single TP CoMP (DSP or CS/CB)
The single TP of DPS or CS/CB can be either from the UE’s serving cell or a remote cell. The PDSCH EPRE shall be based on the CRS EPRE of the transmitting TP. The UE can be informed of the TP by signalling. Our proposal on control signalling for DL CoMP is described in our companion contribution [4].
2.1.1. Effect of parameter 
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Because parameter 
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 is UE-specific, there shall be no problem if any TP transmits to the UE using the same as UE-specific  
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 as configured by the serving cell for the UE. This can be achieved through coordination between different TPs (or cells) through the X2 interface. This can be satisfied easily for scenarios 1,2,3 and 4. From the UE point of view, when it calculates and feedback the CSI to the network, it makes the assumption that the same 
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 will be used by all the TPs in the CoMP measurement set. 
2.1.2. Effect of parameter 
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For scenario 4, where multiple RRHs are deployed under the macro-cell coverage and all share the same cell ID, there is a unique
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 defined in the cell and the same parameters are used by all the TPs. The power of CRS is also the same for all the RRHs. This makes the determination of PDSCH EPRE the same as Rel.10 and there will be no difference between CoMP and non-CoMP transmissions. 

For scenario 1, 2 and 3, because different TPs are from different cells, different parameter 
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may be configured for these TPs. For a heterogeneous network with pico-cell as in scenario 3, it may be beneficial to deploy different parameter 
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for macro and for pico cells to optimize the coverage for the entire network. For DSP and CS/CB, a single parameter 
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 is involved in the PDSCH transmission from a single TP. In the case that the transmitting TP is the serving cell of the UE, the default cell-specific 
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 is used and there is no confusion. In the case that the transmission is from a TP other than the serving cell, two alternative solutions are:
Alternative 1. The transmitting TP uses its own cell-specific parameter
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.  This makes it necessary to signal to the UE the 
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used. This can be done if the UE is informed of the parameters 
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of all the cells in its CoMP measurement set through high layer signaling, and signalled of the transmitting TP as part of the DCI associated with the PDSCH transmission.

Alternative 2. The transmitting TP always transmits to the UE using the parameter
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of the UE’s serving cell, even if its own cell-specific
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is different. When a UE measures and feeds back the CSI from the TPs in its CoMP measurement set, it always uses its own cell-specific 
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 for calculation. 
Proposal 1:  Whether to use the parameter 
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of the serving cell for PDSCH EPRE for DPR and CS/CB needs further study. 
2.2. JT CoMP

A problem may arise if the Rel.10 definition of PDSCH EPRE is re-used. If CRS EPRE is used as a baseline for deriving the PDSCH EPRE in OFDM symbols not containing DM-RS, this causes confusion at the UE when different cells have different CRS EPREs, as in the case of scenario 3. To tie the PDSCH EPRE to CRS EPRE is not consistent with the principle of using DM-RS for demodulation. A natural solution is to use DM-RS EPRE as a reference to derive the PDSCH EPRE, no matter whether an OFDM symbol contains CRS or not. We make the following proposal:

Proposal 2: At least for JT transmission, the DM-RS EPRE is used as a reference to derive the PDSCH EPRE in all PDSCH symbols. 
The PDSCH EPRE in OFDM symbols containing CRS may still be different than in other OFDM symbols. The details can be further studied. 

3. Conclusion

We discussed the setting of PDSCH EPRE for DL CoMP transmission. Two classes of schemes (single TP scheme including DPS and CS/CB, and multiple TP scheme as JT) are discussed. While the Rel.10 definition of PDSCH EPRE can be extended to DPS and CS/CB with only minimal standardization effort, it poses a severe problem for JT. Our proposal to address this issue is as follows:

Proposal 1:  Whether to use the parameter 
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of the serving cell for PDSCH EPRE for DPR and CS/CB needs further study. 

Proposal 2: At least for JT transmission, the DM-RS EPRE is used as a reference to derive the PDSCH EPRE in all PDSCH symbols. 
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