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1. Introduction

In RAN1 WG1#28 bis, R1-020626 was presented which proposed the introduction of new UE measurements to provide the UTRAN with a knowledge of the DL channel profile to assist it in radio resource management. In this paper we provide further information on the use of these measurements for soft handover optimisation. 

Rather than simulations a theoretical approach has been used to determine boundaries in the expected gains when exploiting such measurements for soft handover optimisation purposes. As it is also proposed that the standard deviation of power measurements is reported by the UE instead of the actual DL power profile, the relationship between variance and DL channel profile is presented. Then we propose new UE measurement which are similar to what was proposed in R1-020626.

2. Power gain versus pathloss for a given profile

In this section we present a theoretical computation of the power gain obtained when soft handover is configured for a given profile over the single branch case as a function of the pathloss difference between cells i.e. for several given channel profiles, the difference in transmitted power between the non soft handover case and the soft handover case (with equal split of power between the cells) for an active set of 2) are presented as a function of the pathloss difference.

The following curves are giving the power gain versus path loss differences between two cells for some recommended profiles for urban and sub-urban profile as described in R1-010890 : outdoor to indoor A and B and vehicular A..

The recommended profiles are given with their occurrence in the mentioned report:

From an outdoor-to-outdoor perspective, we have:

OIP-A (composed with 4 separated paths: 0,-10,-20,-22 dB): occurs 50% of the time.

V-A (composed with 4 separated paths: 0,-1,-9,-10 dB): occurs 25% of the time.

OIP-B (composed with 4 separated paths: 0,-.5,-5,-8 dB): occurs 25% of the time.

The curves are obtained using the following method : 

Assuming the theoretical formula for unbalanced rake receiver,
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where BERrayleigh is the theoretical Bit Error Rate of the Rake Receiver for a Rayleigh profile with power s. In our case we consider a DL profile with n independent paths each representing a part (k)of the total power s. In the case of soft handover the above formula is considered with 2*n paths.

One computes the following function:

Power required (BER target, profile (one cell), current cell)) - Power required (BER target, profile ( two cells), current cell + candidate cell))

Where the power required to achieve a certain BER target for a given channel profile is obtained by inversing the above mentioned formula.

The optimum SHO threshold for a given channel profile is obtained when the above function is zero.
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The curves show that the gain and the ideal threshold (defined as the point where the power gain become strictly positive) is highly depending on the rough BER i.e on the type of services.

sFor instance, for ITU vehicular Channel A, the ideal threshold for a 10% BER communication is 0.5 dB whereas it is 4.6 dB for a 0.1% BER communication.

It should also be noted that all the curves reach –3dB diversity gain when the pathloss difference becomes large because an equal split of power has been assumed between the 2 cells in the soft handover case.

3. Optimised adaptive strategy vs classical strategy 

3.1. Assumptions

i) Classical strategy:

A classical soft handover management strategy is the fixed threshold strategy. For instance, for the acceptation of a new cell in the active set, the threshold in terms of pathloss difference is - 4dB and for the rejection of a cell, the rejection threshold is – 6 dB.

This means that if Ec/N0 (current cell)-Ec/N0(candidate cell)<4 dB then the new cell is accepted, and 

if Ec/N0 (current cell)-Ec/N0(candidate cell)>6 dB then the cell currently in SHO is rejected.

ii) Optimised adaptive strategy: 

The optimised adaptive strategy allows the RNC to dynamically choose the right threshold according to the knowledge it can get from the profile.

From the curves presented in section 1, one understands that -compared to classical strategy- when the profile is “rich” ‘(i.e many strong paths like OIP-B), the power gain for a given mobile is achieved through the rejection of useless cells.

When the profile is poor (like V-A) the power gain for a given mobile is achieved through the acceptance of useful cell.

For instance, for ideal mono-Rayleigh case, the power gain, even for 10% BER services is very important and leads to huge gain in capacity.

3.2. Gain in capacity for optimised vs classical strategy for Nactive set = 2 and a uniform mobile distribution

For a uniform mobile population, it is possible to integrate the above curves over all the possibilities of path loss variations for a given mobile between two cells.


[image: image2.wmf] 

θ

 

r=r1/r2

 

r1

 

r2

 


Fig 1: Attenuation versus relative path-loss (α=3.5=propagation exponent).
The integration of the distribution of path loss difference between 2 cells weighted by power versus path-loss curves leads to the capacity gain of optimised strategy versus classical strategy.

	BER
	OIP-A

(50% occurrence)
	V-A

(25% occurrence)
	OIP-B

(25%

occurrence)
	Mono-rayleigh

(ideal).
	Capacity gain

	0.1%
	8.6 %
	7.4 %
	5.4 %
	30 %
	7.5 %

	1%
	2.6 %
	3.2 %
	8 %
	13 %
	4.2 %

	10%
	3 %
	1 %
	11 %
	0 %
	4.5 %


Fig 2: Optimised strategy gain versus classical strategy

3.3. Discussion of the results

We believe that the above results in terms capacity gains are pessimistic as the proposed simplified model is only considering a two cells model with same kind of profiles in each cell.

The two cells model has the disadvantage of reducing the gain that could be obtained considering more than two cells. Indeed, in the above in the 10% BER case for instance, we can be seen that the ideal threshold for 2 cell is always below the 4 dB threshold. This means that the gain is obtained in choosing a weak threshold i.e rejecting the candidate cell more often. If we consider a model with more than 2 cells this case is more likely to happen and therefore the expected capacity gain is higher. Adding more than two cells in the active set leads to an increase in diversity order, which will decrease even more the optimum threshold for inclusion of new cells in the active set.

Therefore, in the 10% BER case, for all kind of considered profiles, the gain of the optimised strategy vs the fixed threshold strategy, obtained in considering two cells and more should be better than the one considering two cells only.

The same kind of conclusion can be derived for the 1% BER services for which most of the gain is obtained by rejecting the useless cells by lowering the threshold. Finally this is also true for 0.1% BER services for VA and OIP-B cases.

Another simplification inotriduced by our model is the fact that the UE observes both cells with the same profile. But a cell with “poor” profile cell being in the same active set as a cell with a “rich” profile tends to increase the gain in lowering the threshold compared to fixed 4 dB one.

Therefore we believe the results in figure 2 represent a lower bound in terms of achievable gains when having the knowledge of the downlink channel profile at the RNC.

4. The variance economical approach

From an accuracy perspective the simplest solution would be to have the UE report power measurements for a number of paths considering a maximum delay spread of e.g. 20ms. However if we want the UE to report a significant number of candidate cells (as in the current specifications) this might dramatically increase the size of measurement reports. In this section, we propose

 to introduce a more compact measurement and we show that the loss in accuracy and soft handover optimisation is negligible.

It is proposed that the UE calculates the normalized variance of the CPICH-RSCP of the received cells. The use of this only value can lead to the determination of the ideal threshold with a good precision (0.2 dB).

Regarding the relative SNR of each path ai of CPICH, the measurement corresponds for a profile P to:
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Thus, calculating for a given path the curve Optimal threshold=f(1/V(P)) we have 
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Fig 3: Ideal threshold vs Normalized inverse CPICH-RSCP variance.

On the x axis: inverse of the normalized variance from 1 (rayleigh) to 4 (4 equal power path).

On the y axis: Ideal threshold value (1% BER blue, 10% BER rouge).

The curves on figure 3 have been obtained knowing the 2 relations:

BER=G1(Power for one profil for one cell).

BER=G2(Power for the same profile in two cells with 50/50% power distribution).

And solving numerically the equation for the unknown power x: G1(x,BER)=G2(x,BER).

The continuous line represents the 5 bits quantified values for one hundred profiles randomly selected (with corresponding variance). 

Small dots plot optimum threshold versus inverse variance for randomly selected profiles to show the difference between the averaged curve and any profile the UE might experience.

The larger dots on the curve represents the threshold obtained through theoretical threshold calculation based on profile knowledge respectively for Pedestrian A, B and VA (from right to left).

It thus can be seen that the threshold determination is accurate compared to theoretical calculation (approximately 0.2 dB standard deviation).

The complexity of the calculation for variance based threshold determination is only 6 product (square), 10 addition, 1 division and one reading in a table.

The above demonstrates that if actual power profile reporting is considered too expensive for transmission over the air one good solution is to have the UE report the CPICH RSCP variance.

In the RNC, the knowledge of the variance can be used to determine the diversity order experienced by the mobile.This leads to the ability of determining precisely the SHO threshold. Other applications in terms of power balancing, codes selection, measurement (statistics on the cells…) can be thought of. 

One other application that can be worth to mention is the ability of setting with a very good accuracy the initial Eb/N0 target for the outer loop thanks to the profile knowledge. This will lead to a quicker convergence and less wasted power.

5. Introduction of the DL channel characteristics information

The simplest way to provide the DL channel characteristics information to the RNC is via UE measurements. In this section we propose 2 UE measurements which could be exploited by the RNC to optimise soft handover management. They could also be used for other RRM purposes such as e.g. outer loop power control management.

5.1. CPICH RSCP normalised standard deviation

The CPICH RSCP measurement is already defined in release 99. This power measurement is based on a layer 1 measurement performed over a measurement period made e.g. of several time slots. The CPICH RSCP normalised standard deviation is defined as the ratio of standard deviation of instantaneous CPICH RSCP measurement for all slots in the measurement period to the square CPICH RSCP calculated over the measurement period.

5.2. Normalised Cell Power profile

In this case, the UE should measure a CPICH RSCP with respect to a single echo of the received signal, for several timing hypothesis. The set of timing hypothesis should be delayed by k.Tc/p as compared to the best path, with Tc equal to chip time, and k being an integer belonging to ]-n .. m].  This provides n+m power values. The measurement is made of the N highest power values relative to the highest value, each power ratio being associated to its respective time offset index (within ]-n .. m]).

The choice of p, n, m, N should be a compromise between the level of knowledge and the implementation easiness. Following values could be used for discussion: p=2, n=35, m=35, N=6.

5.3. Measurement definition  

Two cases may happen according the fact that the mobile has a Rake receiver or not.
The mobile has not a Rake receiver.

For each cell i, the mobile is able to collect the instantaneous measurement of  the energy of the CPICH I i.e rscpi(n).

rscpi(n) is given the received slot n.

The value is averaged on a given duration T i.e N slots. Preferably T i.e of the order of the measurement period.

The variance value to be calculated by the U.E and sent back to the network is then:
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The mobile has a Rake receiver.

Let 
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 is the real energy of path j of signal i (measured on CPICHi).
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 which represents the received signal energy of CPICHi.

The mean value is calculated over the measurement period.

The variance expression, if we suppose enough decorrelation between paths, is thus given by:
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Nota : The period of Variance measurement can be different than the period of CPICH measurement.

6. Conclusion 

In this paper we have shown the benefits of using DL channel information to improve downlink capacity through optimum active set management.  We propose to discuss the introduction of new UE measurements, which would make it possible to achieve the potential improvement of downlink capacity presented in the present document.
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