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Introduction 

The study item “Improvement of inter-frequency and inter-system measurements for 1.28Mcps TDD” has been approved at RAN meeting #14. 

Tdoc R1-01-1289, which is approved by RAN1 #22 meeting, shows great benefits of using channel re-assigning scheme for 1.28Mcps TDD during monitoring GSM through simulation results. Tdoc R1-02-0236 [3] gives three possible channel re-assigning patterns which can be used for any inter-system measurement purpose, and it also shows the benefits of monitoring FDD by using channel re-assigning scheme through simulation results.

In this contribution, first we introduce conventional scheme and channel re-assigning scheme for monitoring 3.84Mcps TDD. Second, simulation results and comparison of monitoring 3.84Mcps TDD SCH are given by using channel re-assigning scheme and conventional scheme. Finally, we draw a conclusion that channel re-assigning scheme can greatly reduce the probability of not being acquired SCH of 3.84Mcps TDD compared to conventional scheme.

Conventional Scheme for monitoring 3.84Mcps TDD

Conventional scheme for monitoring 3.84Mcps TDD from 1.28Mcps TDD is similar with monitoring GSM and FDD. All idle time slots without traffic transmission and reception can be used for monitoring 3.84Mcps TDD. For low data rate service with only 1 uplink and 1 downlink time slot, the example of idle time slots is shown in Figure 1. Yellow colored time slots are traffic time slots, and green colored time slots are idle time slots for measurement. According to the timeslot numbers allocated to the traffic, this period can be split into two continuous idle intervals A and B. A is defined as the number of idle slots between the Tx and Rx slots of UE and B the number of idle slots between the Rx and Tx slots of UE. It is clear that A+B is equal to sum of 5 time slots and DwPTS+GP+UpPTS.
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Figure 1. Possible idle periods in a sub-frame with two occupied traffic timeslots without channel re-assigning
In order to synchronize with 3.84Mcps before handover to 3.84Mcps from 1.28Mcps TDD, 1.28Mcps TDD needs to monitor Primary SCH and Secondary SCH of 3.84Mcps TDD. There are 2 cases of SCH and P-CCPCH allocation: case 1). SCH and P-CCPCH allocated in TS #k, k=0,1,…,14; case2) SCH allocated in two timeslots, TS#k and TS#k+8, k=0,1,…,6, and P-CCPCH allocated in TS#k. SCH consists of parallel of a primary and three secondary code sequences each 256 chips long. 

Because the frame length of 3.84Mcps TDD and 1.28Mcps TDD are the same, observed position in measurement window of every frame of 1.28Mcps TDD is the same. For real time services, channels allocated for the whole duration the bearer service is established preserve their own pattern except a channel reallocation procedure is performed. So if the channel allocations don’t change or change after a long time interval, 3.84Mcps SCH have the possibility of never being acquired every frame, or synchronization time is very long. This will greatly decrease the performance of inter-system handover. Figure2 shows case of SCH in 3.84Mcps TDD overlapping with traffic channel in 1.28Mcps TDD in conventional scheme.
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Figure2 Case of SCH in 3.84Mcps TDD overlapping with traffic channel in 1.28Mcps TDD in conventional scheme

Channel re-assigning Scheme for monitoring 3.84Mcps TDD

In order to overcome the problem existing in conventional scheme, we can use different channel re-assigning patterns to change measurement window position in order to increase the probability of acquiring 3.84Mcps TDD SCH.

Following give an example of combination of 3 channel re-assigning patterns for monitoring 3.84Mcps TDD. Measurement window is arranged like this: 

1st frame: using channel re-assigning pattern #1 [3]

2nd frame: using channel re-assigning pattern #1 [3]

3rd frame: using channel re-assigning pattern #3 [3]

4th fame: using channel re-assigning pattern #2 [3]
Then each 4 frames is one cycle. 

All idle time slots after channel re-assigning can be used for measurement, and there are 8 measurement windows in every 4 frames after channel re-assigning. Figure 3 gives some part of channel re-assigning scheme.
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 Figure3 observing SCH in 3.84Mcps TDD in 1.28Mcps TDD by channel re-assigning scheme
It is needed to pay attention that there are still a few cases which PSC or SSC can never be acquired because of symmetric channel allocation and synthesizer switching time no matter what traffic channel allocation. This case may occur when 3.84Mcps TDD SCH is located near the middle of TS2 of 3.84Mcps TDD. 

In simulation results, we will give the probability of synchronization failure for the above reason.

Simulation Results for monitoring 3.84Mcps TDD 

1. Simulation assumption:

· Timing information with 3.84Mcps TDD is not known before monitoring.

· Timing alignment of 3.84Mcps TDD and 1.28Mcps TDD is random, and obeys uniform distribution. Step size of timing alignment is 10chips of 1.28Mcps TDD. 

· Low data rate traffic with only 1 uplink and 1 downlink is considered.

· Symmetric channel in 1.28Mcps TDD is used in simulation.

· SCH of 3.84Mcps TDD is considered for measurement. First, Primary SCH is monitored. Second, Secondary SCH will be monitored after synchronization with Primary SCH is successful. 

· Synthesizer switching time is 0.5ms.

2. Simulation Results of monitoring Primary SCH and Secondary SCH by using channel re-assigning scheme

· Case 1: 1 PSC and 3 parallel SSCs in TS # k (k=0, 1, …14) in one frame of 3.84Mcps TDD

The probability of not being able to acquire SCH in case 1 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 1. 

Table 1. Probability of not being able to acquire SCH in case 1 in channel re-assigning scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	1131

	Probability of not being able to acquire SCH
	11.71%


· Case 2: 1 PSC and 3 parallel SSCs in TS # k and TS # k+8 (i=0, 1, …6) in one frame of 3.84Mcps TDD
The probability of not being able to acquire SCH in case 2 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 2. 

Table 2. Probability of not being able to acquire SCH in case 2 in channel re-assigning scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	1265

	Probability of not being able to acquire SCH
	1.25%


3. Simulation Results of monitoring Primary SCH and Secondary SCH by using conventional scheme with TS1 for uplink traffic and TS4 for downlink traffic

· Case 1: 1 PSC and 3 parallel SSCs in TS # k (k=0, 1, …14) in one frame of 3.84Mcps TDD

The probability of not being able to acquire SCH in case 1 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 3. 

Table 3. Probability of not being able to acquire SCH in case 1 in conventional scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	318

	Probability of not being able to acquire SCH
	75.18%


· Case 2: 1 PSC and 3 parallel SSCs in TS # k and TS # k+8 (i=0, 1, …6) in one frame of 3.84Mcps TDD
The probability of not being able to acquire SCH in case 2 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 4. 

Table 4. Probability of not being able to acquire SCH in case 2 in conventional scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	474

	Probability of not being able to acquire SCH
	63%


4. Comparison of probability of not being able to acquire 3.84Mcps TDD SCH by using swapping scheme and Conventional scheme 

(1) Comparison of the probability of not being able to acquire 3.84Mcps TDD SCH in Case 1 by using channel re-assigning scheme and conventional scheme
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Figure4. Comparison of the probability of not being able to acquire SCH with two schemes in case 1

(2) Comparison of the probability of not being able to acquire 3.84Mcps TDD SCH in Case 2 by using channel re-assigning scheme and conventional scheme
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Figure5. Comparison of the probability of not being able to acquire SCH with two schemes in case 2

From the figures, we can see that channel re-assigning scheme can greatly decrease the probability of not being able to acquire 3.84Mcps TDD SCH. 

Conclusion:

In this contribution, we introduce to use different channel re-assigning patterns combination for monitoring 3.84Mcps TDD in order to change measurement window position. From the simulation results and comparison of probability of not being acquired 3.84Mcps TDD SCH by using channel re-assigning scheme and conventional scheme, it is shown that using channel re-assigning scheme during monitoring 3.84Mcps TDD can greatly reduce the probability of not being acquired SCH compared to conventional scheme.
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5.4 Measurement of 3.84Mcps TDD from 1.28Mcps TDD 

5.4.1 Channel re-assigning Scheme used for monitoring 3.84Mcps TDD

In order to synchronize with 3.84Mcps TDD before handover to 3.84Mcps TDD from 1.28Mcps TDD, 1.28Mcps TDD needs to monitor Primary SCH and Secondary SCH of 3.84Mcps TDD. There are 2 cases of SCH and P-CCPCH allocation: case 1). SCH and P-CCPCH allocated in TS #k, k=0,1,…,14; case2) SCH allocated in two timeslots, TS#k and TS#k+8, k=0,1,…,6, and P-CCPCH allocated in TS#k. SCH consists of parallel of a primary and three secondary code sequences each 256 chips long. 

In conventional scheme, because the frame length of 3.84Mcps TDD and 1.28Mcps TDD are the same, observed position in measurement window of every frame of 1.28Mcps TDD is the same. For real time services, channels allocated for the whole duration the bearer service is established preserve their own pattern except a channel reallocation procedure is performed. So if the channel allocations don’t change or change after a long time interval, 3.84Mcps SCH have the possibility of never being acquired every frame, or synchronization time is very long. This will greatly decrease the performance of inter-system handover.

In order to overcome the problem existing in conventional scheme, we can use different channel re-assigning patterns to change measurement window position in order to increase the probability of acquiring 3.84Mcps TDD SCH.

Following give an example of combination of 3 channel re-assigning patterns for monitoring 3.84Mcps TDD. Measurement window is arranged like this: 

1st frame: using channel re-assigning pattern #1, referring section 5.2

2nd frame: using channel re-assigning pattern #1, referring section 5.2

3rd frame: using channel re-assigning pattern #3, referring section 5.2

4th fame: using channel re-assigning pattern #2, referring section 5.2
Then each 4 frames is one cycle. 

All idle time slots after channel re-assigning can be used for measurement, and there are 8 measurement windows in every 4 frames after channel re-assigning. Figure 27 gives part of channel re-assigning, and compare with conventional one.
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 Figure27 observing SCH in 3.84Mcps TDD in 1.28Mcps TDD by channel re-assigning scheme
It is needed to pay attention that there are still a few cases which PSC or SSC can never be acquired because of symmetric channel allocation and synthesizer switching time no matter what traffic channel allocation. This case may occur when 3.84Mcps TDD SCH is located near the middle of TS2 of 3.84Mcps TDD. 

In section 5.4.2, we will give the probability of synchronization failure for the above reason.

5.4.2 Comparison of monitoring 3.84Mcps TDD by using channel re-assigning scheme and conventional scheme

5.4.2.1 Simulation assumption:

· Timing information with 3.84Mcps TDD is not known before monitoring.

· Timing alignment of 3.84Mcps TDD and 1.28Mcps TDD is random, and obeys uniform distribution. Step size of timing alignment is 10chips of 1.28Mcps TDD. 

· Low data rate traffic with only 1 uplink and 1 downlink is considered.

· Symmetric channel in 1.28Mcps TDD is used in simulation.

· SCH of 3.84Mcps TDD is considered for measurement. First, Primary SCH is monitored. Second, Secondary SCH will be monitored after synchronization with Primary SCH is successful. 

· Synthesizer switching time is 0.5ms.

5.4.2.2 Simulation Results of monitoring Primary SCH and Secondary SCH by using channel re-assigning scheme

· Case 1: 1 PSC and 3 parallel SSCs in TS # k (k=0, 1, …14) in one frame of 3.84Mcps TDD

The probability of not being able to acquire SCH in case 1 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 8. 

Table 8. Probability of not being able to acquire SCH in case 1 in channel re-assigning scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	1131

	Probability of not being able to acquire SCH
	11.71%


· Case 2: 1 PSC and 3 parallel SSCs in TS # k and TS # k+8 (i=0, 1, …6) in one frame of 3.84Mcps TDD
The probability of not being able to acquire SCH in case 2 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 9. 

Table 9. Probability of not being able to acquire SCH in case 2 in channel re-assigning scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	1265

	Probability of not being able to acquire SCH
	1.25%


5.4.2.3 Simulation Results of monitoring Primary SCH and Secondary SCH by using conventional scheme with TS1 for uplink traffic and TS4 for downlink traffic

· Case 1: 1 PSC and 3 parallel SSCs in TS # k (k=0, 1, …14) in one frame of 3.84Mcps TDD

The probability of not being able to acquire SCH in case 1 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 10. 

Table 10. Probability of not being able to acquire SCH in case 1 in conventional scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	318

	Probability of not being able to acquire SCH
	75.18%


· Case 2: 1 PSC and 3 parallel SSCs in TS # k and TS # k+8 (i=0, 1, …6) in one frame of 3.84Mcps TDD
The probability of not being able to acquire SCH in case 2 under different timing alignment between 3.84Mcps TDD and 1.28Mcps TDD are given in Table 11. 

Table 11. Probability of not being able to acquire SCH in case 2 in conventional scheme

	All cases of different timing alignment
	1281

	Cases which can acquire SCH
	474

	Probability of not being able to acquire SCH
	63%


5.4.2.4 Comparison of probability of not being able to acquire 3.84Mcps TDD SCH by using swapping scheme and Conventional scheme 

5.4.2.4.1 Comparison of the probability of not being able to acquire 3.84Mcps TDD SCH in Case 1 by using channel re-assigning scheme and conventional scheme
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Figure28. Comparison of the probability of not being able to acquire SCH with two schemes in case 1

5.4.2.4.2 Comparison of the probability of not being able to acquire 3.84Mcps TDD SCH in Case 2 by using channel re-assigning scheme and conventional scheme
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Figure29. Comparison of the probability of not being able to acquire SCH with two schemes in case 2

From the figures, we can see that channel re-assigning scheme can greatly decrease the probability of not being able to acquire 3.84Mcps TDD SCH. 

5.4.3 Conclusion:

In this contribution, we introduce to use different channel re-assigning patterns combination for monitoring 3.84Mcps TDD in order to change measurement window position. From the simulation results and comparison of probability of not being acquired 3.84Mcps TDD SCH by using channel re-assigning scheme and conventional scheme, it is shown that using channel re-assigning scheme during monitoring 3.84Mcps TDD can greatly reduce the probability of not being acquired SCH compared to conventional scheme.
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