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1
Background

Uplink Synchronous Transmission Scheme (USTS) is currently a study item within 3GPP. In this paper, a simplified system-level evaluation of USTS is presented.

2
Models and Assumptions

2.1
Uplink orthogonality factor

Theoretically, uplink orthogonality is different from downlink orthogonality, since the downlink intra-cell signals experience the same multi-path fading while the uplink intra-cell signals experience different and independent multi-path fading. The derivation of the instantaneous orthogonality factor is more difficult for uplink than for downlink, and it is out of the scope of this paper. For simplicity, a static uplink orthogonality factor is defined to express how much of the received power from USTS mobiles can be regarded as effective interference. This factor is the same for all mobiles in USTS and keeps constant during the simulation.

The static uplink orthogonality factor is derived from the average SIR comparison under various channel models for a SINGLE cell. The average SIR of USTS and non-USTS in a SINGLE cell is expressed as


SIRusts = Psignal / (ul*Pall)


SIRnonusts = Psignal / Pall
so the uplink orthogonality factor is


(ul = SIRnonusts / SIRusts
(ul = 0 means perfect uplink orthogonality. By applying the data in Table 5.1 in [1] we get uplink orthogonality factors in different environment.

Table 2 Uplink orthogonality factors in different environment.

Channel models
Uplink orthogonality factor

Indoor A
0.3

Indoor B
0.3

Pedestrian A
0.1

Pedestrian B
0.5

2.2
Multiple scrambling codes

As one OVSF code tree maximally supports 56 speech users, multiple scrambling codes are necessary to provide multiple orthogonal code trees to prevent channelization code shortage. We assume that all USTS links in one cell are equally assigned into these code trees. The average effect of multiple scrambling codes is modeled in the simulation, i.e. we do not timely trace which link is  in which code tree. The effective interference experienced by one USTS link is expressed by


Iul = Pnoise + (Nscram – 1 + (ul) / Nscram *(all Pusts in the cell) + Pother
where Nscram is the number of uplink scrambling codes in one cell, and (ul is the uplink orthogonality factor. We can say that the effective orthogonality factor with multiple scrambling codes is 


(ul_effective = (Nscram –1 + (ul) / Nscram
For non-USTS link


Iul = Pnoise + (all Pusts in the cell) + Pother
2.3
Soft handover

For seamless communication, soft handover needs to be considered for USTS, where the different code usage of scrambling and channelization codes, and the transmission timing control should be taken into account. 

The radio link can be in one of the following three modes:

Normal mode : No timing control, UE discrimination by Scr code

USTS mode : Timing control, UE discrimination by both Scr and Ch codes

Non-USTS mode : No timing control, UE discrimination by both Scr and Ch codes

The difference between Normal mode and Non-USTS mode is as follows. If one of the radio links to the cell sites in Active set is in USTS mode, it is discriminated by both scrambling code and channelization codes assigned for USTS mode in all cells in Active set. Therefore, the other links should be in non-USTS mode. This is because the UE has only a single transmitter and there can be more than one UEs who enter the SHO region from the same original cell and accordingly, they use the common scrambling code and the discrimination can be done only by channelization codes. In normal mode, the UEs in SHO region use their own unique scrambling codes.

Table 1 Four soft handover candidates for USTS (A simple example in case of two-way soft handover).


The mode of UE

Movement of UE
In original cell
In SHO region
In target cell

Candidate 1
USTS
Normal(O)+Normal(T)
Normal

Candidate 2
Normal
Normal(O)+Normal(T)
USTS

Candidate 3
USTS
USTS(O)+Non-USTS(T)
USTS

Candidate 4
USTS
USTS(O)+Non-USTS(T) (
        Non-USTS(O)+USTS(T)
USTS

<Note> (O) : the mode with the original cell  (T) : the mode with the target cell
Four candidates for supporting soft handover have been proposed in USTS mode. Table 1 summarizes these candidates.
Soft handover candidate 4 for USTS is explicitly modeled in this paper. Within the active set only the link to the strongest BS is in USTS mode, others are in non-USTS mode. This is the most optimistic SHO case, candidate 1 and 2 will give worse performance.

3
Simulation parameters and results

Table 3   Main simulation parameters

Cell Plan
Number of sites
7


Sectors/site
1


Cell radius  [m]
1000

Propagation
Distance attenuation  [dB]
15.3+37.6 log(d)


Log-normal fading std  [dB]
5


Correlation distance  [m]
110


Base correlation
0.5


Multipath fading profile
Pedestrian A, B

SHO
Add / Delete / Replace  [dB]
2 / 4 / 2


Maximum active set size
3

Mobile
Maximum power   [dBm]
21


Velocity   [km/h]
3

Uplink Ed/No target   [dB]
4.5

In order to simplify the problems during the study, only a 12.2 kbps speech service is assumed in the system level simulation, and the advanced features, such as voice activity, admission control, congestion control and outer loop PC are turned off. The simulation is done in a regular cellular layout consisting of 7 macro cells equipped with omni antenna. To avoid border effects in the cell plan, a wrap-around technique is used. The cell radius is 1000 meters. Standard models for distance attenuation and shadow fading are used. Mobiles move at an average speed of 3km/h.

Two multi-path channel profiles are studied: Pedestrian A and B. In Pedestrian A environment, there is a single strong ray leading to good uplink orthogonality, which is a favorable scenario for USTS usage. Comparing to Pedestrian A, Pedestrian B has more rays, which provides good RAKE diversity while destroys the orthogonality between Walsh codes. For simplicity, the same BLER vs. Ed/No curve and Ed/No target are used for both environments.

For speech service in a system without blocking and dropping, we define a satisfied user as a user whose average BLER (BLock Error Ratio) is lower than 1%. And we define the outage as the probability of a user not being a satisfied user, i.e. the ratio between the amount of unsatisfied user and the total amount of user. Then system capacity is defined as the maximum traffic load that makes the outage level equal to 5%.

Figure 1 illustrates the uplink outage vs. traffic load in Pedestrian A and B environments with different number of scrambling codes. The capacity figures are summarized in Table 4. ((ul=1, Nscram=1) is a reference case where USTS is not used. We can see that the system performance is improved by using USTS, while the improvement becomes minor when more scrambling codes are used and the improvement is not so obvious in Pedestrian B where more rays exist in the multi-path channel.

Taking into account the uplink code limitation (56/tree), ((ul=0.1, Nscram=2) is the most possible case for the USTS application in Pedestrian A, which leads to a capacity of 105 Erlang/cell and a capacity improvement of 25%. And ((ul=0.5, Nscram=3) is the most possible case for the USTS application in Pedestrian B, which leads to a capacity of 121 Erlang/cell and a capacity improvement of 12%. The absolute capacity figure in Pedestrian B is higher than that in Pedestrian A due to the better RAKE diversity effect.
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Figure 1   Uplink outage vs. traffic load in Pedestrian A and B environment

Table 4   Capacity improvement by using USTS


Pedestrian A
Pedestrian B

Uplink orthogonality factor
1
0.1
0.1
0.1
1
0.5
0.5
0.5

# of scrambling codes
1
3
2
1
1
3
2
1

Capacity [Erlang/cell]
80
92
100
140
108
121
123
153

Capacity improvement [%]
0
15
25
75
0
12
14
42

4
Conclusion

USTS can improve system capacity, while this improvement degrades very much when multiple scrambling codes are used, and the improvement is minor when more rays exist in the multi-path channel. Simulation shows that in Pedestrian A environment the capacity improvement is around 25%, while in Pedestrian B environment the improvement declines to 12%.
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