TSG-RAN Working Group 4 (Radio) meeting #14
TSGW#14(00)972  

Sophia-Antipolis, France, Nov. 13-17, 2000

Agenda Item:

6.1. 1

Source: 

CWTS

Title: 
System Performance of coordinated 1.28Mcps and 3.84Mcps TDD operation in case of co-siting
Document for:

Information and Discussion

1. Introduction

The co-existence studies for TDD within 3GPP TSG RAN WG 4 assume un-synchronised and un-coordinated operation between operators. The requirements in the standard are set in such a way that a proper operation for this general scenario is ensured.

In RP-000485 it was requested to study in addition the coordinated operation in case of co-siting of 1.28(Mcps and 3.84 Mcps TDD base stations. Even though it was decided at RAN#9 not to perform these kind of studies in WG 4, CWTS would like to provide WG 4 with information on the system performance in case of co-siting of 1.28 Mcps and 3.84 Mcps TDD base stations and co-ordination between operators.

2. Synchronisation between 1.28 Mcps and 3.84 Mcps TDD
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Due to a common frame length of 1.28 Mcps and 3.84 Mcps TDD, it is possible to frame synchronise the two TDD options. To avoid interference between uplink and downlink on adjacent carriers in case of co-siting, the switching points for the two systems must be synchronised in addition. Figure 01 shows the frame structure of the two systems in case of synchronised frame timing and synchronised switching points and a symmetric UL/DL factor. It should be noted that it is still possible to vary the UL/DL factor.

Figure 01 Frame structures of the coordinated scenario

In case that the DL and UL timeslots of the systems overlap by a significant amount at the switching points, it is assumed that the timeslot has to be unused in one of the systems. Consequently, one traffic timeslot either in 3.84Mcps TDD or 1.28Mcps TDD remains unused.
At the other switching points the UL and DL timeslots of the systems overlap slightly. This leads to a capacity loss for the interfered uplink timeslot. From Figure 01, it can observed that the longest period of 3.84Mcps TDD interfered by 1.28Mcps TDD is about 84 us. The longest period of 1.28Mpcs TDD interfered by 3.84Mcps TDD is about 54 us. The performance for these two cases with interfered timeslot is studied in the next chapter.
It can be seen from Figure 01 that the UpPCH in one of the two 1.28Mcps TDD slots cannot be detected by its node B since there is a transmission in parallel on the adjacent carrier. Nevertheless the system can still work well with the other UpPCH in the two frames although there is a reduced number of possible UpPCH. The scheduling on the FPACH will ensure that all random access resources can be used. This is the case since the FPACH can grant the UpPCHs of the past 4 sub-frames.

3. Link Performance in case of partly overlapping UL and DL timeslots

3.1.   3.84 Mcps TDD

3.1.1 Simulation assumptions
In the worst case the 3.84 Mcps TDD UL timeslot is interfered by a 1.28 Mcps DL timeslot for about 84 us (83.33 us exactly=320 chips for high chip rate TDD). This case was chosen for investigation of this co-siting situation.

For the simulated services two cases of receiving the data are compared.

Case1: No additional Interference (No adjacent low chip rate TDD downlink channel).

Case2: 
First 320 chips, additionally interfered by a low chip rate TDD downlink channel, considered as undetectable at the receiver.

Case 2 can be done based on the following General Simulation assumptions

· UTRA TDD release 99 compliant simulation environment
· Uplink

· JD-receiver (ZF-BLE)

· No oversampling

· chiprate 3.84 Mcps

· 15 TS per frame

· TS duration = 666.66 µs

· SF = 16

· Channel mode: vehicular A (120 km/h)

· Real channel estimation

· Antenna diversity (2 antennas)

· TFCI, TPC and DCCH bits are included, but not evaluated

· No power control

3.1.2. Service mapping 

The service mapping for implementing the 8kbps speech are summarised in table 01.
Service
Speech, 8 kbit/s, 20 ms delay

User bit rate
 8 kbit/s

Number of time slots per frame per user
1

Number of codes per time slot per user
1

Burst type
Burst type 1

Data modulation
QPSK

Convolutional code, coding rate
1/3

Total code rate
0.328

Interleaving depth
2 frames

User block size
160 bits

Table 01: Service mapping for the 8kbps service for 3.84 Mcps TDD

3.1.3. Simulation results 
In Figure 02 the performance difference of the two cases are shown for the vehicular A environment.
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Fig. 02: 3.84 Mcps TDD, UserBER of the 8 kbps speech service, Vehicular A, uplink, JD, Antenna Diversity

The simulation results of Figure 02 show that the performance degradation between Case 1 and Case 2 is about 0.8 dB. 
3.2 1.28Mcps TDD

3.2.1. Simulation assumptions

The worst interfering case for 1.28Mcps is that the longest overlapping of an uplink and downlink channel is about 54 us (70 chips for low chip rate TDD). And it was chosen for investigation.

For the simulated services two cases of receiving the data are compared.

Case1: No additional Interference (No adjacent high chip rate TDD downlink channel).

Case2: 
First 70 chips, additionally interfered by a low chip rate TDD downlink channel, considered as undetectable at the receiver in every sub-frame.

General Simulation assumptions for case 2 is

· Uplink

· JD-receiver (ZF-BLE)

· No oversampling

· chiprate 1.28 Mcps

· 7 TS per sub-frame

· TS duration = 675 µs

· SF = 16

· Channel mode: vehicular A (120 km/h)

· Real channel estimation

· Smart antenna (8 antennas)

· TFCI, TPC and DCCH bits are included, but not evaluated

· No power control

3.2..2. Service mapping 

The service mapping for implementing the 12.2kbps are summarised in table 02.
Service
Speech, 12.2k+2.4k, 20 ms delay

User bit rate
12.2k+2.4k, but the results are from 12.2k only

Number of time slots per frame per user
1

Number of codes per time slot per user
2

Burst type
Burst type 1

Data modulation
QPSK

Convolutional code, coding rate
1/3, ½

Total code rate
See TR 25.928

Interleaving depth
4 sub-frames

User block size
See TR 25.928

Table 02: Service mapping for the 12.2kbps service

3.2.3. Simulation results 
In Figure 03 the performance difference of the two cases are shown for the vehicular A environment.
[image: image3.wmf]1,00E-04

1,00E-03

1,00E-02

1,00E-01

1,00E+00

-2

0

2

4

6

8

10

Eb/No [dB]

UserBER

UserBER Case 1

UserBER Case 2


Fig. 03: 1.28 Mcps TDD, UserBER of the 12.2 kbps speech service, Vehicular A, uplink, JD, Smart Antenna
The simulation results of Figure 03 show, that the performance degradation between Case 1 and Case 2 is about 1.5 dB for the vehicular environment. If it is taken into account that only every second sub-frame is affected like this (see Figure 01), the performance degradation will only be about 0.8 dB as well. The simulations are giving a worst case result since every sub-frame is assumed to be interfered by the downlink of 3.84 Mcps TDD.
4. System Performance

For 3.84 Mcps TDD, the link performance was degraded by 0.8 dB at the most in case that 84 us of the timeslot were interfered by the DL on the adjacent carrier. A capacity loss of about 20 % in this timeslot is expected due to the performance degradation. At the other switching point only 27 us of the timeslot are interfered. A capacity loss of about 10 % is expected for this timeslot.

For 1.28 Mcps TDD, the link performance was degraded by 1.5 dB at the most in case that 54 us of the timeslot are interfered. A capacity loss of about 20 % is expected for this timeslot.

For the unused timeslots a capacity loss of 100 % is assumed. This is a worst case assumption, because the unused timeslot reduces the interference level on the adjacent carrier and in neighboring cells. Therefore the capacity on the adjacent carrier and in neighboring cells is higher during the unused timeslot.

Due to the 5 ms subframe structure of 1.28 Mcps TDD, one DL timeslot in the second sub-frame corresponds to the unused timeslot. The FPACH is a one burst message and uses only one sub-frame. Therefore, this timeslot is particularly suited for the FPACH and provides full capacity. 

In Figure01 two scenarios were presented where either 1.28 Mcps TDD is preferable treated or 3.84(Mcps TDD is preferable treated. In the following the capacity for these scenarios is calculated.

3.84 Mcps TDD treated preferable:
3.84 Mcps DL capacity = 8 TS / 8 TS = 100%

3.84 Mcps UL capacity = 6,7 TS / 7 TS = 96 % 

1.28 Mcps DL capacity = 7 TS / 8 TS = 88 %

1.28 Mcps UL capacity = 5,8 TS / 6 TS = 97 %

· Overall average capacity = 95 % 

1.28 Mcps TDD treated preferable:
3.84 Mcps DL capacity = 8 TS / 8 TS = 100%

3.84 Mcps UL capacity = 5,7 TS / 7 TS = 81 % 

1.28 Mcps DL capacity = 8 TS / 8 TS = 100 %

1.28 Mcps UL capacity = 5,8 TS / 6 TS = 97 %

· Overall average capacity = 95 % 

In both cases the overall cell capacity loss of both systems is about 5 %. It should be noted that this loss only occurs in cells where the two systems are co-sited and coordinated on adjacent carriers and not in the complete network. The unused timeslot can be fully occupied in the neighboring cells.

5. Conclusion

1.28 Mcps TDD and 3.84 Mcps TDD option can be synchronised. In the worst case of co-sited base stations, the overall cell capacity in the synchronised case is about 95 % of an ideal synchronised cell. It has to be considered that operators have to align not only their frame timing but also their switching points to gain from synchronisation in case of co-sited operation. The difference in traffic asymmetry demands of the synchronised operators will lead to unoccupied timeslots. Therefore the actual capacity loss will be much lower than 5 %.

The two TDD options with its characteristic features are optimized for their individual application areas. An alignment of the two TDD options up to an extend where one of the options will have a significant degradation in their usual application area can not be justified by the small gain expected in the special coordinated co-sited case.
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Tabelle1

		

		Eb/No		UserBER				Eb/No		UserBER

		-1.3		1.80E-01

		2.7		1.70E-02				-1.3		2.40E-01

		3.95		6.17E-03				3.95		1.45E-02

		5.65		1.55E-03				5.65		4.09E-03

		6.75		5.00E-04				7.25		1.39E-03

								8.7		2.84E-04
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