3GPP TSG RAN WG1 meeting #68





 



    R1-120040
Dresden, Germany, February 6-10, 2012
Agenda Item:
7.5.6.2
Source:
Huawei, HiSilicon
Title:
Virtual propagation loss for UL CoMP power control
Document for:
Discussion and decision 
1 Introduction

Coordinated multi-point (CoMP) operation enables coordinated downlink (DL) transmission and/or uplink (UL) reception from/at multiple geographically separated points, forming a so called CoMP cooperating set [1], where the downlink transmission points (TPs) set and the uplink reception points (RPs) set serving a UE do not necessarily coincide, see e.g. Fig. 1.
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Fig. 1. Unbalanced downlink/uplink CoMP. The macro eNB and the remote radio head RRH3 form the transmission points set, while macro eNB, RRH2 and RRH3 form the reception point set.
The existence of multiple reception points of the same transmitted signal from a UE in UL CoMP reception mode causes the problem of determining a single basic metric that encompasses the total signal attenuation when a signal is jointly received by multiple points. We indicate the propagation loss metric for UL CoMP with LUL. The metric LUL is calculated in the UE. The LUL is supposed to replace the UL propagation loss term in the present UL power adjustment calculation defined in the LTE specification [2]. 

The present LTE UL power control algorithm [2] defines two modes: open-loop and closed-loop. Consequently, in the open-loop mode, the LUL should be calculated using the reference signals from the RPs, and then the power adjustment implemented at the UE should be computed on the basis of such metric. In the closed-loop mode LUL should be calculated in the same way as in the open-loop mode, and then the power adjustment at the UE should be computed also on the basis of a correction term defined by two parameters feedback from the serving cell.

Obviously, as the LUL is calculated at the UE, it has to be specified in the LTE standard supporting coordinated multipoint reception. Until now there were several proposals how to do that [3]-[12]. In principle, the LUL is a function of all separate propagations losses to each of the reception points, but what this function should look like, even on a general level, is an open issue. In this contribution we propose a definition of the LUL that overcomes some drawbacks of the previous definitions.
2 Virtual propagation loss
We consider a uplink CoMP reception point set R with of N points, labeled n=1,…,N, with propagation loss Ln (decibels) to a given UE. We propose a propagation loss metric for UL CoMP, refereed to as virtual propagation loss, defined as a weighted sum of the individual propagation loss (expressed in decibels) to each of the reception points
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. By properly selecting wn, the metric 

 ranges in the interval [LUL,min, LUL,max], where
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The weights wn can be selected to fulfilling various performance requirements, e.g. to trade off between the worst and best individual path loss among all RPs and the interference crated in the system.  For instance, a plain average of the individual path loss (in dB) to each RP in R is obtained with 
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where │R│is the number of reception points in R. A different selection of weights may be used, for instance, to compute 

 on the basis of the individual path losses to a subset of the reception points.
3 Illustration of propagation loss metrics for UL CoMP
To illustrate the difference between 

 and other propagation path loss metrics earlier proposed for uplink CoMP [3]-[12], we consider the following example with one macro cell and four RRHs: Lmacro = 110.9 dB, LRRH1 = 83.1 dB, LRRH2 = 90.6 dB, LRRH3 = 96.9 dB and LRRH4 = 98.9 dB. Fig. 2 graphically show the values of the corresponding virtual propagation loss according to (1) and two other propagation loss metrics proposed in [3] and [9], denoted here as LUL,lin-avg and LUL,eff  and defined respectively as 
                                                  

                                       (4)

                                                     
[image: image15.wmf][dB].

    

          

10

log

10

10

10

÷

÷

ø

ö

ç

ç

è

æ

-

=

å

Î

-

R

n

L

UL,eff

n

L

                                     (5)
[image: image17.png]Leera Lrerz Lees Leera Limacro

80B

IIIIII*IIII I‘lllllrllll

LULRF g Lutirtast Lutfin-ave Lutmax
Ean.(5) Ean. (3) Ean. ()

Lutet Luvirtual




Fig. 2. Illustration of various propagation loss metrics proposed for UL CoMP power control.
The top part of Fig. 2 shows the individual propagation loss to each RP (grey arrows). The bottom part of Fig. 2 shows that the metric LUL,eff ranges in [82.1, LUL,min] dB (in red) depending on how many RPs are used. Assuming that all points are part of the reception points set R, the weights in equation (3) applied to (1) and (4) would yield 

= 96.1 dB and LUL,lin-avg = 104.3dB, respectively, showing that the metric in (4) tends to yield unnecessary higher values (close to the maximum).

The virtual propagation loss metric (1) offers a simple linear relationship between the relevance of a reception point and the weight assigned to the corresponding propagation loss. This mapping is lost, for instance, in (4) where the individual propagation losses are first transformed back to linear-scale, then averaged with weights wn and finally transformed back to decibels.  

Furthermore, the virtual propagation loss (1) is suitable for robust power control as it allows to compensate at least for a value as large as the propagation loss to the closest RP, i.e.  

. On the other hand, a power control scheme that uses LUL,eff, referred to as effective path loss in [9], would produce a transmit power smaller than power necessary to compensate the signal attenuation at the closest RP. To show this, we consider a UL transmission from a UE with power PUE (dB). Since the total received power by all RPs is at least as large as the power received by the RP with the smallest propagation loss, i.e.
                                                       
         (linear-scale),                               (6)
we have that
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which implies that the transmit powers PUE,eff and PUE,min that would be produced to compensate the path loss LUL,eff and the path loss to the closest reception point, respectively, are related as 
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To gain more insight into these aspects, we quantify the difference ∆L = LUL,min - LUL,eff  for a an example with a macro cell and four RRHs. The macro cell radius is 500m, and the RRHs are placed by the cell-edge, with 200m horizontal-spacing and 100m vertical-spacing as in Fig. 3. The quantity ∆L is computed for each UE position by moving the UE along a grid with step 10m.
Fig. 3 illustrates the contour magnitude of ∆L = LUL,min - LUL,eff when the reception point set R consists of the two best RPs for each UE position, and when R consists of all points (macro site and four RRHs), respectively. The analysis in Fig. 3 indicates that the transmission power produced to compensate for the metric LUL,eff  may yield a signal-to-noise ratio (SNR) at the closest reception point several dBs smaller than the corresponding SNR if the power control compensated for LUL,min. 
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Fig. 3. Difference ∆L = LUL,min - LUL,eff computed considering, for each UE position within the grid, a reception point set R consisting of the best two RPs (Fig. 3a) and all RPs (Fig. 3b). 
Fig. 4 shows the cumulative distribution function (CDF) when ∆L is computed for R consisting of a single point (for al RPs), thus representing the difference between the minimum path loss LUL,min for each UE position and the path loss to each individual RP, taken in increasing order. Fig. 4 implies that the SNR difference between the best and the second best RPs can be significant, and becomes worse for other RPs. 
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Fig. 4. CDF of the path loss difference ∆L between LUL,min and the path loss to each individual RP.
This section illustrated some of the key properties of the virtual propagation loss and other propagation loss metrics, but further system performance evaluations are necessary before any conclusions can be drawn.
4 Conclusions
The existence of multiple reception points of the same transmitted signal from a UE in uplink CoMP reception mode causes the problem of determining a single basic metric that encompasses the total signal attenuation when a signal is jointly received by multiple points. 
This contribution describes the propagation loss for uplink CoMP reception mode as a metric that allow for good accounting of how signals received at geographically separated points are attenuated and combined. A good candidate for this scope could be a weighted sum of the individual propagation loss (expressed in decibels) to the individual reception points. System simulations, however, are necessary to compare the performance of different propagation loss metrics for UL CoMP power control.
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