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1. Introduction

In this document, we first present different service availability criteria to better define some system performance issues. Naturally there may be different definitions on this aspect, but this is one possible way of determine this. Then the effects of G-factor and Packet Scheduler on these service availability criteria are presented.  Finally critical operation points of UE receiver with HSDPA are presented and values for G-factor in UE performance testing proposed.

2. Background

HSPDA system performance depends on various subjects. Such are e.g. G-factor (amount of other cell interference), multi paths in radio channel, packet scheduler behaviour, UE receiver performance and implementation margin, various TX diversity concepts and Node B modulation accuracy etc.  Some of them are directly related to system performance criteria and some of them indirectly. Some other factors e.g. G-factor and packet scheduler depends on service availability requirements.  So far mainly cell throughput has been used as the service availability criteria. In this paper we point out that in addition to cell throughput, also the outage should be taken into account. Firstly the definition of outage is discussed.
3. Service Availability
There are many criteria for service availability but here few simple and general definitions for HSDPA are presented:

Cell throughput: The total data rate of the cell.
Coverage: The area of the cell for which HSDPA coverage is targeted. 

Outage: The amount of HSDPA users in the cell, which do not get their target data rate or achieve the target quality.

Each service has its own requirement for latency, delay variation, data integrity etc. and therefore it is not possible to define the service requirement criteria without knowing the actual service. Some general targets could be defined for typical packet based services.

Few issues should be noted regarding coverage: HSDPA is not optimised/intended to operate at cell edge so 100% coverage (referred to rel-99 service) is not a realistic target.  On the other hand too low coverage area means limited service availability and/or the same service should be delivered without using HSDPA to some users.  Realistic target for coverage could be e.g. 70-90% of the cell area, but this is subject of discussions in future.  Coverage is closely related with G-factor, and other cell interference is impacting when the user is at coverage area edge.  Also minimum to average data rate ratio requirement of a service needs to be specified before G-factor distribution for the service can be defined.

Also for outage some issues are worth of noting: 0% outage is not a realistic target, since it would mean close an infinite power transmission from node B.  Neither is close to 100% outage since that means no service to most of the users. As well it is clear that similar outage criteria what have been used for rel-99 scenarios are not feasible, since it’s fact that the coverage is not identical for HSDPA. Hence 10%…20% outage could be quite a realistic target. Outage is closely linked with Packet Scheduling i.e. how air interface resources are allocated to different users having different propagation conditions to achieve the targeted service availability.

Figure 1 below shows the main difference between max C/I scheduler and round robin (fair time) scheduler. Max C/I scheduler has clearly larger outage than round robin scheduler in terms of cell coverage area. Max C/I scheduler will result a G-factor distribution, containing largest amount of very high G-factors. It will at the same time mean large outage ratio in terms of the cell coverage due allocating recourses to best positioned users.  It is also noted that multi path propagation and G-factor distribution both cause variation of user data rates.  The difference between these two is that multi path propagation depends on user velocity and then changes fast but G-factor of a certain user varies more slowly.  Effects of low G-factor cannot be compensated with fast packet scheduling since interference conditions usually do not change rapidly.










Figure 1. Outage as a function of packet scheduler.
Coverage and outage are linked since typically users closer to Node B have lower outage than those far away.  This is related to G-factor but also radio channel properties.  It is general understanding that delay spread increases when the distance between UE and Node B increases but there are exceptions in many real environments.

Service availability for a certain Coverage and Outage can be calculated with a simple formula:

Service availability = Coverage * ( 1 – Outage)

e.g. service availability near 50% can be achieved with 70% coverage and 30 % outage [70% * (100% - 30%)].

Figure 2 was already shown in an earlier contribution [1], and is included here for readers´ convenience. It depicts the G-factor distribution in macro cell for propagation loss based on equation L (dB) =128.1dB + 37.6*log10[R (km)]. From the figure it can be seen that G factors of 10…0dB cover approximately 10 to 40 % of the coverage area, and is thus seen the most relevant area for G-factors used in the UE performance tests. If the max C/I scheduler is used, the G-factor distribution is changed so that the UEs at the cell edge are not served at all, which is not a realistic case for a practical system deployment.
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Figure 2. G-factor behaviour vs. cell area, from [1]
Figure 3 from [2] shows another G-factor distribution.  Max C/I-scheduler has been used which decreases the throughput for users with low G-factors but it shows that about 90% of users operate with G-factor below 10 dB.
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Figure 3. G factor distribution from [2]
G-factor distribution was analysed further with simulations and following cases were studied:

1) "G-factor CDF, coverage", e.g. the geometrical coverage for each G-factor value.

2) "G-factor CDF, activity", e.g. the G-factor of the user being active weighted with the activity time

3) "G-factor CDF, throughput", e.g. the G-factor of the user being active weighted with the received data amount

Simulations were done in a way that 80% of power and 15 codes were allocated to HSDPA.   Simulation were run with 32 users being active at a time and each time a user is served another is created. All users request the same data amount regardless of their position in the cell.  Two different packet schedulers were considered:

1)  Fair Time PS, e.g. all users are randomly allocated the same amount of resources (e.g. same power and max. codes over same time interval).

2)  Proportional Fair Time PS, e.g. the user with the best instantaneous relative channel quality (measured as TPcurrentlysupported/TPaveragesupported) is given all the resources.

Code multiplexing was not considered so all users will be capable of handling up to 15 multi-codes. Standard chase combining HARQ is simulated along with a 2dB/6ms AMC error/delay.
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Figure 4. G-factor (Ior/Ioc) distribution in macro cell with Fair Time Packet Scheduler
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Figure 5. G-factor (Ior/Ioc) distribution in macro cell with Proportional Fair Time Packet Scheduler

It is clear that with this kind of simulation assumptions "G-factor CDF, coverage" (distribution of users) does not depend on used packet scheduler type.  But simulations show that packet scheduler type has a major effect on "G-factor CDF, activity" and some effect on "G-factor CDF, throughput".  From air interface capacity utilization point of view "G-factor CDF, activity" is the main performance criterion and then also a major criterion for system throughput.  For HSDPA the area of interest for air interface capacity optimisation is around G-factor of -5…10 dB 
The critical operation points for HSDPA system and the UE receiver in special are operation with low signal to interference ratios which is a common criteria for wireless receivers and AMC operation which is a special feature of HSDPA.  Low signal to interference operation is important to extend the coverage area.  For HSDPA this area of interest is around G-factor of -5…0 dB.  

AMC operation is essential feature of HSDPA.  Which modulation coding schemes are used depends on used propagation model and G-factor.  Operation at very low and very high G-factors does not cause changes to coding and modulation schemes.  For HSDPA this area of interest is around G-factor of 0…10 dB.  Testing at G-factors lower than 0 dB is not necessary since UE operation with HSDPA becomes closer to operation with normal DCH and are then tested with rel.99 test cases (SHO performance).  G-factors much higher than 10 dB are far from typical having only marginal effect to system operation and UE receiver performance is not expected to deteriorate when amount of interference from own system decreases.

4. Conclusions

From the analysis made in this document Cell Throughput is not alone a sufficient service criteria defining how well the system is operating..  In this paper we have pointed out that Outage in a cell and Coverage behaviour should be taken into account when defining G-factor for the future link simulations and for UE performance requirements.

Critical features for UE performance with HSDPA are operation with low signal to interference ratio and operation of AMC.  When taking into consideration also service availability e.g. 90% users have G-factor below 10 dB and that number of test cases should be kept at reasonable level following G-factors are proposed to UE performance testing: G-factor of 0 dB to ensure good service availability and G-factor of 10 dB to test AMC operation also in typical low interference conditions.
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