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Discussion and decision 
1 Introduction 
In this contribution, we discuss the downlink power allocation issues for CoMP. 
We review the downlink power allocation assumption in Rel-8/9/10 in Section 2, followed by discussions and proposals on the extension required for the support of CoMP in Rel-11.

This contribution is a revision of R1-122238.
2 Downlink Power Allocation in Rel-8/9/10
In LTE Rel-8/9/10, UE needs to know the EPRE (Energy Per Resource Element) relationships among PDSCH, CRS, DM-RS of the serving cell, in order to perform PDSCH demodulation and CSI measurement [1]. 
For demodulation of PDSCH using CRS, Rel-8/9/10 specifies that the UE may assume:
· The ratio of PDSCH EPRE to CRS EPRE in OFDM symbol without CRS (denoted ρA) is determined by the UE-specific parameter PA, and;
·  The ratio of PDSCH EPRE in OFDM symbol with CRS to PDSCH EPRE in OFDM symbol without CRS (denoted ρB/ ρA) is determined by the cell-specific parameter PB. 
Signalling of PA enables UE-specific power control on PDSCH. To enable extension of CRS coverage, the ratio ρB/ ρA can be configured so that part of the PDSCH EPRE of OFDM symbol with CRS can be used to boost the CRS EPRE.
For demodulation of PDSCH using DM RS, Rel-10 specifies that the UE may assume:

· The ratio of PDSCH EPRE to DM RS EPRE within each OFDM symbol containing DM RS is 0dB for rank <=2 and -3dB otherwise.
· The ratio of PDSCH EPRE in OFDM symbol with CRS to PDSCH EPRE in OFDM symbol without CRS (denoted ρB/ ρA) is determined by the cell-specific parameter PB.
In the next section, we examine if the same power allocation assumption still holds for CoMP.
3 Downlink Power Allocation for CoMP
3.1.1 DL signal power ratios for CoMP
For CoMP, the UE also needs to have the correct assumption about the power ratios for demodulation of PDSCH and for CSI feedback. Assuming CoMP reception based on DM RS (DPS or JT), Rel-10 assumption about the ratio of PDSCH EPRE to DM RS EPRE within each OFDM symbol containing DM RS can still hold, i.e. the ratio concerned is transparent to CoMP operation and no additional specification is needed.
Observation 1: The ratio of PDSCH EPRE to DM RS EPRE within each OFDM symbol containing DM RS is transparent to CoMP operation.

On the other hand, UE’s assumption on ρB/ ρA, which is required for CoMP reception based on DM RS, as well as CSI feedback, may need further discussions. For CoMP scenarios 1, 2, 3, since each TP is a separate cell, it is possible and may in fact be beneficial to allow the flexibility to configure different ρB/ ρA for different TP. In particular, for a heterogeneous deployment scenario, it can be beneficial to have different ρB/ ρA’s for macro cells and pico cells, this is illustrated in Figure 1.
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Figure 1: Different ρB/ ρA’s for macro cell and pico cells

For CoMP scenario 4, where all TPs share the same cell id, it is necessary to have the same ρB/ ρA for all TPs in order to support SFN reception which is also critical for legacy UEs.
Observation 2: For CoMP scenario 1, 2, 3, ρB/ ρA can be different for different cell, hence may not be transparent to CoMP operation, including PDSCH demodulation and CSI feedback. For CoMP scenario 4,  ρB/ ρA is still fixed for all TPs, hence is transparent to CoMP operation.
3.1.2 Performance loss due to suboptimal PB configuration

Although the network can always configure the same PB value for all cells within the same CoMP coordination area in CoMP scenario 1,2,3 even though it may not be optimal configuration, performance penalty will be incurred. Here, we examine the cost of such a setup. The possible configuration for PB is shown in Table 1. PB=0 corresponds to no CRS power boosting, while PB=1,2,3 correspond to various levels of CRS power boosting. 
Table 1: The cell-specific ratio 
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	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2


Recall from Rel-8 that CRS power boosting can be used to increase the SINR of the CRS and the coverage of the cell. As CRS power boosting directly affects cell coverage, it may not be easily reconfigured for a cell, especially for existing LTE networks. Consequently, if PB were forced to be the same for all cells for CoMP, the PDSCH transmit power has to be reduced for cells without CRS power boosting or with less CRS power boosting, resulting in a loss in eNB power utilisation as well as a loss in the cell throughput.
Assuming three OFDM symbols for control and normal CP, performance loss as a result of suboptimal PB is shown in Table 2. It is assumed that PB=0 is the optimal configuration. It can be observed that there can be up to 0.78dB PDSCH SNR loss and eNB Tx power utilisation as low as 43% compared to the case where PB=0 is configured. It should also be noted that legacy UEs are also affected.

Observation 3: By configuring the same PB value for all cells within the same CoMP coordination area in CoMP scenario 1,2,3, there can be up to 0.78dB PDSCH SNR loss and eNB Tx power utilisation as low as 43% compared to the case where PB=0 is configured. Note that legacy UEs are also affected.

Table 2: Performance loss if suboptimal PB were configured
	Suboptimal PB
	eNB tx power utilisation for OFDM symbol with CRS compared to case where PB=0
(one port1, two ports1)
	Average eNB tx power utilisation over a subframe compared to case where PB=0
(one port2, two ports2)
	Average PDSCH SNR loss over a subframe3

	1
	83%, 70%
	95%, 92%
	~-0.24dB

	2
	67%,  57%
	91%, 88%
	~-0.50dB

	3
	50%,  43%
	86%, 85%
	~-0.78dB


Note 1: For 5th, 8th and 12th OFDM symbol, (ρB/ ρA*x+2)/12, where x=10 for one port; x=8 for two ports
Note 2: (((ρB/ ρA*x+2)/12)*3 + 1*8)/11, where x=10 for one port; x=8 for two ports 
Note 3: ~(ρB/ ρA*3+1*8)/11
3.1.3 Signalling proposals
We propose two different alternatives to avoid/mitigate the performance loss as analysed in the previous section:

Alt 1: Higher layer signalling to link PB values to the DM-RS virtual cell id, e.g. as shown in Table 3.
· In this way, PB value can be changed dynamically with nSCID in DCI formats. 
· To enable more accurate CSI feedback, different PB value can also be linked to different CSI-RS resources. PB signalling can be included in CSI-RS resources (Table 4).
Alt 2:
Higher layer signalling of a separate PB value for UEs operating in CoMP.
· Simpler but suboptimal compared to Alt 1.

· It can avoid impact to legacy UEs. PB becomes “UE-specific”.
Proposal: We propose higher layer signalling of PB according to Alt 1 or Alt 2 to resolve the issue identified in Observation 3.
Table 3: Higher layer signalling linking DM-RS virtual cell ids to PB values
	DM-RS virtual cell id
	PB
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Table 4: PB signalling in CSI-RS resource configuration
	Measurement-CSI-RS-Config
	antennaPortsCount
	Number of antenna ports used for transmission of CSI-RS.

	
	ResourceConfig 
	CSI-RS configuration.

	
	SubframeConfig
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	Pc
	UE assumed ratio of PDSCH EPRE to CSI-RS EPRE.

FFS: Whether Pc can also be configured per CSI-RS port.

	
	
[image: image8.wmf]CSI

ID

N


	Virtual Cell ID for CSI-RS scrambling initial state in the range of [0, 503].

FFS: Whether value of X can also be configured per CSI-RS port.

	
	PB
	UE assumed ratio of PDSCH EPRE in OFDM symbol with CRS to PDSCH EPRE in OFDM symbol without CRS.


4 Conclusions
In this contribution, we discuss the issues of downlink power allocation for CoMP. Our observations and proposals are as follows:
Observation 1: The ratio of PDSCH EPRE to DM RS EPRE within each OFDM symbol containing DM RS is transparent to CoMP operation.
Observation 2: For CoMP scenario 1, 2, 3, ρB/ ρA can be different for different cell, hence may not be transparent to CoMP operation, including PDSCH demodulation and CSI feedback. For CoMP scenario 4,  ρB/ ρA is still fixed for all TPs, hence is transparent to CoMP operation.
Observation 3: By configuring the same PB value for all cells within the same CoMP coordination area in CoMP scenario 1,2,3, there can be up to 0.78dB PDSCH SNR loss and eNB Tx power utilisation as low as 43% compared to the case where PB=0 is configured. Note that legacy UEs are also affected.
Proposal: We propose higher layer signalling of PB according to either Alt 1 or Alt 2 to resolve the issue identified in Observation 3.
Alt 1: Higher layer signalling to link PB values to the DM-RS virtual cell id, e.g. as shown in Table 3.

Alt 2:
Higher layer signalling of a separate PB value for UEs operating in CoMP.
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