
3GPP TSG RAN WG1 Meeting #56bis                                                                         R1-091268
South Korea, Mar. 23th – Mar. 27th, 2009

Agenda Item:
 15.2
Source:
 Huawei

Title:

 Power Allocation among eNBs in Closed-Loop Downlink CoMP Transmission with CA

Document for:
 Discussion/Decision 
1 Introduction

Coordinated multiple point (CoMP) transmission/reception and carrier aggregation (CA) are two new features in LTE-A. CoMP is used to improve coverage and to increase cell-edge throughput. It is considered as  an effective approach for inter-cell interference coordination (ICIC) in LTE-A due to inherent joint scheduling/processing at the coordinated cells. CA is used to improve the peak rate in LTE-A. CA has been widely discussed in RAN1. Often three kinds of CA are involved. They are the aggregations for continuous carriers, non-continuous intra-band carriers and non-continuous inter-band carriers respectively. In [1], ten aggregation cases are suggested.  

To reduce the complexity, cooperation among a limited number (cluster) of eNBs for communicating with a particular UE has been considered. In [2], the different clustering approaches for CoMP and their corresponding SINR enhancement were discussed. In [3], several different types of multi-point (MP) coordination are described that include IC (Interference Control) and constructive transmission. Depending on the RS availability and usability from each of the points and whether a UE makes all or part of channel-related information available to all or some participating points, various constructive transmission schemes can arise that can often be treated as a constrained optimization problem. In [4] fixed serving set CoMP SU-MIMO and flexible serving set CoMP SU-MIMO are discussed. A pre-CoMP SINR is used as a measure to decide which UEs are served under CoMP transmission.
In [5], the problem of power allocation for eNBs in the CoMP frequency zone in closed-loop joint processing downlink CoMP transmission is considered. The optimal power allocation and equivalent power allocation are compared by the performance simulation. The optimal power allocation with possible methods of implementation in LTE-A is proposed. The purpose of optimal power allocation among eNBs in a cluster is to minimize the total power of the eNBs in the cluster for a given rate delivered to a UE in the CoMP zone, or equivalently, to minimize inter-cluster interference. But the scheme does not considered the case of CA. In the scenario of CA, because there is the load unbalance in the different bands, CoMP may be done in the different bands of different eNBs based on the practical load.  

In this contribution, under the case of CA, the problem of power allocation for eNBs in the CoMP frequency zone for downlink transmission is discussed. Based on the optimal power allocation method in [5] which is denoted as scheme 1 here, we proposed another scheme denoted as scheme 2. Based on the system simulation, the unite rate (bit/sec/Hz) and the corresponding SINR are compared. The possible method of the implementation for this scheme is discussed too.  

2 Power allocation schemes
Consider the fixed cluster highlighted in Fig. 1, where the CoMP zone for three eNBs is highlighted. In the CoMP zone, the same data is transmitted to the reference UE in the cluster scheduled by the joint processing mode in different bands of different eNBs. There is a total power constraint P on eNBs (in the different bands of different eNB where UE is scheduled). The reference UE has the CA capacity. The assumptions are following. 

1) For convenience, consider single-antenna eNBs and UEs.

2)  Let 
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 be the total transmitting power of eNBs in different bands to the reference UE
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 is the received total interference and noise by reference UE in band 
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6) UE uses three aggregated bands, 
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7) 
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 is the rate of Signal-to-Interference-and-Noise Ratio in the Band 
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Fig. 1 CoMP transmission within a fixed cluster of size three
2.1 Scheme 1

The corresponding mark symbols for different eNBs are the following.
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In the scheme 1, the downlink power allocation method and allocated power are given in (1) and (2).
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2.2 Scheme 2
In the scheme 2, the downlink power allocation method and allocated power are given in (3) and (4).
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It is assumed that different eNB uses different bands to transmit the same bit stream synchronously in  
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 and UE have multi RF end. The maximum ratio combination (MRC) is used in the UE receiver. 

In this case, for scheme 1and 2, the SINR and unite rate may be represent in the following.  
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The factor 
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 is included in the rate calculation to take into account that three eNBs are used for transmission.
4. Simulation 

In order to compare the performances of scheme 1 and scheme 2, the cellular system with 57 cells is used. UEs are dropped uniformly in the cluster. Only low geometry UEs (those to be served in CoMP zone) are considered in the simulations. The details of simulation parameters are listed in Table 1. Figs. 2, 3 illustrate the SINR and rate geometries for these two schemes. In the simulation, the CoMP zone is defined in which the channel gains of from eNBs to the reference UE is satisfied by
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. Three bands are assumed in each eNB which has equivalent coverage through transmitting different power in the different bands. In [1], case 7 is selected. The   f1= 1875MHz, f2= 2115MHz, f3= 2630MHz. 

Table 1 System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load
	Average 33 UE per sector

	Inter-site distance
	500 m

	Distance-dependent path loss
	L= 58.83 + 37.6log10(R) + 21log10(f), R in km and f in MHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model (SCM)

	Bandwidth
	40MHz in 3 carrier aggregation

	RRU transmit power
	46 dBm

	Minimum distance between UE and cell
	>= 35 m

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	BLER Target 
	10%

	TTI duration
	1 ms

	Modulation and channel coding scheme
	QPSK[1/3,1/2,2/3]

16QAM[1/3,1/2,2/3]
64QAM[1/3,1/2,2/3,3/4,4/5]
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Fig. 2 SINR geometry of scheme 1 vs. scheme 2
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Fig. 3 Rate geometry of scheme 1 vs. scheme 2
5   Implementation 

For the implementation of scheme 2, the UE-specific reference signal may be used. The channel gain may be calculated based on the measurements reported by UE as like RSRP, RSRQ or RSSI and the reference signal transmission power etc.   Under the case of using the anchor eNB for control signalling transmission, the related information for different bands of different eNBs in the CoMP zone will be transmitted to the anchor eNB by the high signalling.

6 Conclusions  
Two schemes are compared based on the system simulation. For the same power consumption, scheme 2 may transmit more bit rate to the reference UE in CoMP zeon. Or, for transmitting the same bit rate, the power consumption in scheme 2 is smaller than in the scheme 1. The more the load difference, the more the performance improvement of scheme 2 against to scheme 1 is. The implementation of the scheme may be used UE-specific reference signal. But in the case of CA, some parameters related different bands of different eNBs should be transmitted to anchor eNB to form the reference signal. 
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