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MODELING OF HYBRID TIME-CODE DIVISION MULTIPLE ACCESS
COMMUNICATION SYSTEMS

[0001] BACKGROUND
[0002] This invention generally relates to wireless code division multiple
access communication systems. In particular, the invention relates to modeling
such systems.
[0003] Figure 1is an illustration of a simplified wireless code division multiple
access (CDMA) communication system. The system has a plurality of base
stations 201-204 (20) communicating with a plurality of user equipments (UEs)
99:-225 (22). Each UE 22 typically communicates with the base station 20 with
the strongest signal. However, based on the allocation of radio resources, UEs 22
may communicate with base stations 20 not having the strongest signal. To
illustrate, since base station 202 has a heavier loading (UEs 223-226) than base
station 203, UE 224 may communicate with base station 203 instead of closer base
station 20s.
[0004] In such systems, radio resources need to be allocated to the users (UEs
99). This is commonly referred to as radio resource management. In afrequency
division duplex (FDD)YCDMA communication system, the system allocates to
users codes within frequency spectrums for communication (to support a session).
In hybrid time division multiple access (TDMA)CDMA communication systems,
users are not only allocated codes within frequency spectrums but also selected
time slots out of a set of time slots within the frequency spectrums for
communication. In time division duplex (TDD)/CDMA communication systems,
uplink and downlink communications are allocated to different time slots within
a given frequency spectrum.
[0005] Due to the numerous combinations of potential allocations of resources
to users, it is difficult to make an optimum allocation. As a system is operating,
it is extremely difficult to take into account all the variables required to make
resource allocations. Accordingly, it is desirable to be able to model such systems

for use in evaluating resource allocation approaches.
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[0006] SUMMARY

[0007] A wireless code division multiple access communication system is
modeled. A plurality of snapshots is provided. Each snapshothas a plurality of
user equipments (UEs) and base stations. The locations ofthe UEs in a snapshot
vary between the snapshots. For each snapshot, the UEs are assigned to base
stations. Resources are sequentially assigned to each UE or group of UEs and a
transmission power level for each UE is determined. For each sequential
assignment, an updated transmission power level for any previously assigned
UEs is determined. Dropped, served and not admitted (blocked) UEs in the
snapshot are determined. Statistics on the performance of the system are

gathered using the determined dropped, served and blocked UEs.

[0008] BRIEF DESCRIPTION OF THE DRAWING(S)

[0009] Figure 1is an illustration of a simplified wireless code division multiple
access (CDMA) communication system.

[00010] Figure 2 is a flow chart of a preferred evaluation technique.

[00011] Figure 3 is an illustration of UEs assigned to base stations.

[00012] Figure 4 is an illustration of adding a first UE to a snapshot.

[00018] Figure 5 is an illustration of adding a second UE to a snapshot.

[00014] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[00015] The embodiments of the invention can generally be used with any type
of hybrid time-code domain multiple access system, such as a TDD/CDMA,
TDMA/CDMA or time division synchronous code division multiple access (TD-
SCDMA) communication system, as well as other types of communication
systems.

[00016] The preferred model uses a snapshot-based simulation and is described
in conjunction with the flow chart of Figure 2. The evaluation of a system is

performed at a specified instant in time (snapshot). Each UE 22 is given a
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particular location in the communication system, step 24. The locations, as well
as number, of the UEs 22 are based on the criteria being evaluated in the model.
In one application of an evaluation, differing algorithms for radio resource
management are being evaluated for a specified number of users in a system. A
variety of differing UE locations may be used in different snapshots. A particular
algorithm’s performance is analyzed in each of the snapshots. The performance
statistics for each algorithm over all of the snapshots is used to determine a best
algorithm for the particular loading. The UEs 22 may be randomly located in
each snapshot to generate the statistics. Alternately, the location of the UEs 22
may be systematically changed to generate the statistics.
[00017] In another evaluation application, UE mobility may be analyzed. In
each snapshot, a UE 22 or UEs 22 are moved in relation to a previous snapshot.
Each snapshot may be separated in time from a previous snapshot by a fixed
period of time. The impact of this movement is analyzed for a particular resource
allocation or for a particular resource management algorithm.
[00018] The UEs 22 are assigned to base stations 20 within the model, step 26.
This assignment is illustrated in Figure 3 by double-headed arrows between a
UE 22 and its assigned base station 20. Typically, a UE 22 is assigned to the
base station 20 having the strongest signal. However, the base station 20 with
the strongest signal may not be assigned to the UE 22, such as UE 224, based on
the availability of resources.
[00019] Ifuplink and downlink channels do not interfere with each other, such
as they are separated by frequency and/or time, the uplink and downlink can be
treated as two separate sub-snapshots. This treatment reduces the complexity in
analyzing the models. The following describes deriving a snapshot where uplink
and downlink channels interfere with each other. However, the same approach
can be applied to the uplink and downlink separately. The combined statistics
can be gathered from the two sub-snapshots.
[00020] Using the resource management algorithm being tested, sequentially
(one by one) each UE 22 is assigned resources of a base station 20 using a

resource management algorithm, step 28. Alternately, the UEs 22 may be added
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in groups. Each group’s UEs 22 have little mutual interference. Using the
assigned resources, the model determines whether sufficient transmission power
exists to reach its target channel quality measurement, such as a target signal to
noise ratio (SNR) or signal to interference ratio (SIR). Preferably, each user’s
transmission power level is estimated using an estimated pathloss between the
UE 22 and base station 20 and interference estimates, based on the users already
connected. Equation 1 is one potential equation for use in calculating the
transmission power level, T, using a target signal to interference ratio
(SIRTARGET).
T = PL - ISCP - SIRrarGET

Equation 1
PL is the estimated pathloss between the user and base station 20. The pathloss
may be estimated using the distance between the base station 20 and UE 22.
ISCP is the interference signal code power. The ISCP may be estimated by the
transmissions of other users communicating at the same time as the UE 22, such
as transmitting in the same time slot, and the distance between the users.
[00021] Initially, a first UE 22: is added to the model as shown in Figure 4.
The transmission power level T: to achieve a desired channel quality is
determined. Users for which the power (either uplink or downlink) is insufficient
are blocked (not admitted). As additional users are added to the model, their
transmission power levels are determined to achieve the desired channel quality
taking into account the interference produced by the already added users. To
illustrate, a second UE 222 is added. The transmission power level T2 as shown
in Figure 5 is determined using the previously admitted UE’s transmission power
level Ty. Users may be added one by one or in groups. The groups may be
selected so as to minimize their mutual interaction.
[00022] After the addition of the new user, the impact of a newly added UE’s
transmissions is used to adjust the transmission power levels of the new and
already added UEs 22, since the new UE’s transmissions may interfere with the
other UE transmissions, step 30. To illustrate using Figure 5, a new

transmission power level T’ for UE 22; is determined. The adjusting of the UEs’
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power levels in response to the new user is preferably performed iteratively until
the transmission power levels of all the added users converge. Any users whose
power levels cannot reach their desired quality are considered to be in outage and
are dropped, step 32. The transmission power level of a UE 22 is limited. If a
UE’s transmission power level must exceed this limit to meet the desired channel
quality, that UE 22 can not reach the desired channel quality.

[00028] After all the users have been considered for assignment, the model is
complete and the snapshot is terminated. Using various snapshots, statistics of
the performance of the system are determined, step 34. One type of system
evaluation may be to determine, after addition of a user, whether a session is
dropped or the new user can not be admitted. If an existing user can not reach
its desired channel quality, that user is considered not admitted. If a new or
existing user can not reach its desired quality after addition of a new user, it is
considered a dropped user. As a function of the number of users and the
distribution of the users within the system, the number of dropped sessions and
the number of sessions not admitted is determined to evaluate the allocation
algorithm. Itis undesirable to not admit sessions. Itis extremely undesirable to
drop sessions.

[00024] The sequential assignment of each user or a group of users reduces the
complexity of the model. The change in transmission power level after each
sequential assignment can be readily determined. Typically, the calcuiated
transmission power levels will converge rather quickly. By contrast, adding all
the users in a single step results in utilizing complex algorithms to calculate the
transmission power levels. In such a complex model, the calculated transmission

power levels may not converge.
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CLAIMS
What is claimed is:
1. A method for modeling a wireless code division multiple access
communication system, the method comprising:
providing a plurality of snapshots, each snapshot having a plurality of user
equipments (UEs) and base stations, locations of the UEs in a snapshot vary
between the snapshots;
for each snapshot:
assigning the UEs to the base stations;
sequentially assigning resources to each UE and determining a
transmission power level of that UE;
for each sequential assignment, determining an updated
transmission power level for any previously assigned UEs;
determining dropped and not admitted UEs in the snapshot; and
gathering statistics on a performance of the system using the determined

dropped and not admitted UEs.

2. The method of claim 1 wherein the determining the transmission

power level uses an estimated interference measurement.

3. The method of claim 2 wherein the estimated interference
measurement is estimated using the determined transmission power levels of

previously assigned UEs.

4. The method of claim 3 wherein the determined transmission power

level uses a pathloss estimate.

5. The method of claim 1 wherein a plurality of resource management
algorithms are evaluated and statistics for each algorithm are gathered for all of

the snapshots.
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6. The method of claim 1 wherein a not admitted UE has insufficient
power to meet a desired channel quality after attempting to add the not admitted

user equipment to a snapshot.

7. The method of claim 1 wherein a dropped UE has a transmission
power limit below a transmission power level required to meet a desired channel

quality after another of the UEs is added to a snapshot.

8. A method for modeling a wireless code division multiple access
communication system, the method comprising:
providing a plurality of snapshots, each snapshot having a plurality of user
equipments (UEs) and base stations, locations of the UEs in a snapshot vary
between the snapshots;
for each snapshot:
assigning the UEs to the base stations;
assigning resources sequentially to groups of the UEs and
determining a transmission power level of each UE in the sequentially assigned
group, each UE in a group having a low mutual correlation;
for each sequential assignment, determining an updated
transmission power level for any previously assigned UEs;
determining dropped and not admitted UEs in the snapshot; and
gathering statistics on a performance of the system using the determined

dropped and not admitted UEs.

9. The method of claim 8 wherein the determining the transmission

power level uses an estimated interference measurement.

10. The method of claim 9 wherein the estimated interference
measurement is estimated using the determined transmission power levels of

previously assigned UEs.
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11. The method of claim 10 wherein the determined transmission power

level uses a pathloss estimate.

12.  The method of claim 8 wherein a plurality of resource management

algorithms are evaluated and statistics for each algorithm are gathered for all of

the snapshots.

13. The method of claim 8 wherein a not admitted UE has insufficient
power to meet a desired channel quality after attempting to add the not admitted
UE to a snapshot.

14. The method of claim 8 wherein a dropped UE has a transmission
power limit below a transmission power level required to meet a desired channel

quality after another of the UEs is added to a snapshot.
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