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1. Introduction
In [1], asymmetric pattern is introduced in order to increase the measurement window length during inter-system and inter-frequency measurement and was approved as one of the study areas. In this contribution, the related simulation results of applying asymmetric pattern to different measurement scenarios, which are the cases of GSM, FDD, 3.84Mcps TDD and 1.28Mcps TDD measurement, and then compare the asymmetric pattern with conventional scheme during different measurement scenarios. 

2. Comparison of asymmetric pattern and conventional scheme used for GSM/FDD/3.84Mcps TDD/1.28Mcps TDD measurement

In [1], an example of asymmetric pattern used for FDD measurement was presented. In this contribution, we apply asymmetric pattern not only for FDD measurement but also for GSM/3.84Mcps TDD/1.28Mcps TDD measurement. The comparison of simulation results between asymmetric pattern and conventional scheme, and related analysis are shown in Table 1. Simulation assumptions for each case are described in Annex A.

2.1 GSM Measurement scenario


2.1.1 Performance Comparison
Comparison of asymmetric pattern and conventional scheme during synchronisation with FCCH and FCCH+SCH are shown in Table 1. Simulation assumptions refer to Annex A.1.

Table1. Comparison of asymmetric pattern and pattern combination scheme during GSM measurement

	
	0.5ms switching time 
	0.8ms switching time

	
	Asymmetric pattern 
	Conventional scheme 
	The best case in conventional scheme*
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme*

	Average sync time with FCCH (ms)
	65.7
	167.2
	75.6
	77.8


	Have probability of measurement failure
	95.1

	Average sync time with FCCH+SCH (ms)
	136.2
	272.6
	92.5
	162.2
	Have the probability of measurement failure
	114.2

	Max sync time with FCCH (ms)
	184.2
	656.5
	187.2
	274.5
	Can never be acquired
	232.5

	Max sync time with FCCH+SCH (ms)
	234.9
	896.5
	237.2
	514.5
	Can never be acquired
	237.5

	Min sync time with FCCH (ms)
	1.1
	1.1
	1.1
	1.4
	1.1
	1.4

	Min sync time with FCCH+SCH (ms)
	51.8
	6.1
	6.1
	52.1
	6.1
	6.3


*Note: Conventional scheme in Table 1 considers all possible traffic channel allocation. The best case in conventional scheme means one of the special traffic channel allocation in conventional scheme which is TS3 for UL and TS4 for DL every sub-frame.
    2.1.2 concluding remarks

1. When switching time is 0.5ms, asymmetric pattern can reduce synchronisation time than conventional scheme when considering all the possible traffic channel allocation. 

2. Asymmetric pattern has a little longer synchronisation time than the best case of traffic channel allocation which is TS3 for UL and TS4 for DL every sub-frame. But further study on power control, beamforming, UL synchronisation, and DCA impact of the best case in conventional scheme is needed, because TS3 and TS4 is so close and may cause impact on these functions. 

3. For low cost terminal with 0.8ms switching time, asymmetric pattern can avoid synchronisation failure case.
2.2 FDD measurement scenario

2.2.1 Performance Comparison
Simulation results of synchronisation with primary SCH by using conventional scheme and asymmetric pattern are shown in Table 2.
Table2. Synchronisation time of monitoring Primary SCH by using conventional scheme

	
	Average Sync time (ms)
	Max Sync time (ms)
	Min Sync time (ms)

	
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme*
	Asymmetric pattern
	Conventional scheme 
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme

	Acquiring 75PSCs(ms)
	106.1
	149.4
	96.6
	124.1
	248.6
	107.9
	104.1
	107.2
	92.6

	Acquiring 150PSCs(ms)
	217.0
	299.7
	194.1
	244.1
	498.6
	212.9
	214.1
	212.2
	187.6

	Acquiring 225PSCs(ms)
	328.8
	451.2
	292.8
	374.1
	748.6
	322.9
	324.1
	322.2
	282.6


Simulation results of synchronisation with secondary SCH by using conventional scheme and asymmetric pattern are shown in Table 3.

Table3. Synchronisation time of monitoring Secondary SCH by using conventional scheme

	
	Average Sync time (ms)
	Max Sync time (ms)
	Min Sync time (ms)

	
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme*
	Asymmetric pattern
	Conventional scheme 
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme

	Acquiring 75SSCs(ms)
	106.1
	149.4
	96.6
	124.1
	248.6
	107.9
	104.1
	107.2
	92.6

	Acquiring 150SSCs(ms)
	217.0
	299.7
	194.1
	244.1
	498.6
	212.9
	214.1
	212.2
	187.6

	Acquiring 225SSCs(ms)
	328.8
	451.2
	292.8
	374.1
	748.6
	322.9
	324.1
	322.2
	282.6


*Note: Conventional scheme in Table 2 and Table 3 considers all possible traffic channel allocation. The best case in conventional scheme means one of the special traffic channel allocation in conventional scheme which is TS3 for UL and TS4 for DL every sub-frame.
    2.2.2 concluding remarks
(1) Considering all the possible traffic channel allocation in the conventional scheme, asymmetric pattern has less synchronisation time than the conventional scheme during FDD Primary SCH and Secondary SCH measurement. 

(2) Comparing with the best case of traffic channel allocation in conventional scheme, asymmetric pattern has longer sync time. Further study on power control, beamforming, UL synchronisation, and DCA impact of the best case in conventional scheme is needed.

2.3 3.84 Mcps TDD measurement scenario

2.3.1 Performance Comparison

Simulation results of monitoring 3.84Mcps TDD by using asymmetric pattern and conventional scheme are given in Table 4. Case 2 of 3.84Mcps TDD SCH is considered. Simulation assumptions refer to Annex A.3.
Table 4. Simulation results comparison by using asymmetric pattern and conventional scheme with different switching time in 3.84Mcps TDD SCH case 2

	Switching time
	Successful sync probability by using asymmetric pattern 
	Successful sync probability in conventional scheme

	0.2ms
	98.75%
	62.92%

	0.3ms
	96.72%
	56.79%

	0.4ms
	94.47%
	50.78%

	0.5ms
	92.12%
	44.50%


    2.3.2 concluding remarks

Asymmetric pattern can greatly increase the successful synchronisaiton probability compared with conventional scheme during 3.84Mcps TDD measurement. Even when synthesizer switching time is 0.5ms, the probability of successful synchronisation is more than 90%.
2.4 1.28 Mcps TDD measurement scenario

2.4.1 Performance Comparison

Simulation results of monitoring 1.28Mcps TDD by using asymmetric pattern and conventional scheme are given in Table 5. Simulation assumptions refer to Annex A.4
Table 5. Simulation results comparison by using asymmetric pattern and conventional scheme with different switching time

	Switching time
	Successful sync probability by using asymmetric pattern 
	Successful sync probability in conventional scheme

	0.2ms
	100%
	53.20%

	0.3ms
	100%
	47.38%

	0.4ms
	96.57%
	41.33%

	0.5ms
	92.51%
	35.28%


    2.4.2 concluding remarks
Asymmetric pattern can greatly increase the successful synchronisaiton probability compared with conventional scheme during 1.28Mcps TDD measurement, even can reach 100% when synthesizer switching time is 0.2ms or 0.3ms.
3. Conclusion:
In this contribution, we simulated the performance of proposed asymmetric time-slot allocation pattern under four possible measurement scenarios and analyzed. Based on the simulation results in the above tables, it is observed that the use of asymmetric pattern can be employed for different measurement purpose: GSM/FDD/3.84Mcps TDD/1.28Mcps TDD. It shows the reduction of synchronisation time or increase of successful synchronization probabilities than conventional scheme. 

In addition, the best case in conventional scheme has less synchronisation time than asymmetric pattern during GSM/FDD measurement, and it needs further study, such as impact on power control, beamforming, UL synchronisation, and DCA, because TS3 and TS4 is so close and may cause impact on these functions.
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Annex A. Simulation Assumptions

A.1 Simulation Assumptions of GSM measurement:

· Low data rate with only one uplink and one downlink traffic time slot.
· Initial timing alignment between 1.28Mcps TDD and GSM is not determined. Step size of neighboring start positions of TDD frame in the GSM 51-multiframe is 10 chips or 7.8125us. In one GSM frame (3060/13ms=235.385ms), there are 235.385*1000/7.8125=30130 possible start positions of the TDD frame in the GSM 51-multiframe are considered (uniform distribution).

· Two cases of monitoring scheme are considered. One is acquiring a complete FCCH burst and the other is a complete FCCH burst and SCH burst together.
· Considering 0.5ms switching time and 0.8ms switching time.

A.2 Simulation Assumptions of FDD measurement:
· Timing information with FDD is not known before monitoring.

· Timing alignment of FDD 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.

· 3 uplink time slots (TS1, TS2, TS3) and 4 downlink time slots (TS0, TS4, TS5, TS6) channel structure in one sub-frame are assumed in the simulation.

· In conventional scheme, channel allocation to each time slot is uniform.

· SCH of FDD is considered for monitoring. First, Primary SCH is monitored. Synchronisation is considered successful when 75 SSCs, 150 SSCs, or 225 SSCs are acquired. Secondary SCH will be monitored after synchronisation with Primary SCH is successful.

· Synthesizer switching time is 0.5ms.

A.3 Simulation Assumptions of 3.84Mcps TDD measurement:

· 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.

· In 1.28Mcps TDD, TS1 is fixed for uplink traffic, and the probability of downlink channel allocation in TS4, TS5, TS6 and TS0 is equal.

· 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. Synchronisation with SCH is considered successful when both synchronization with Primary SCH and Secondary SCH are successful. Here, sync time is calculated with one PSC and one group of SSCs being acquired.

· Synthesizer switching time is 0.2~0.5ms.

A.4 Simulation Assumptions of 1.28Mcps TDD measurement:

· Timing information with inter-frequency 1.28Mcps TDD is not known before monitoring.

· Timing alignment of inter-frequency 1.28Mcps 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.

· In 1.28Mcps TDD, TS1 is fixed for uplink traffic, and the probability of downlink channel allocation in TS4, TS5, TS6 and TS0 is equal.

· DwPTS of 1.28Mcps TDD is considered for measurement.

· Synthesizer switching time is 0.2~0.5ms.
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6. Proposed methods
6.1.1 Overview of proposed channel re-assigning method
In FDD mode, compressed mode is used for inter-frequency and inter-system measurements, since the transmission in the physical channels in FDD are continuous. But for 1.28Mcps TDD, the transmissions are discontinuous, so some idle time slots which have no traffic can be used for inter-frequency and inter-system measurement. 
A channel re-assigning procedure before starting inter-frequency and inter-system measurement is proposed to acquire longer measurement window length or change the position of measurement window in order to reduce synchronisation time and increase the probability of successful synchronisation. Channel re-assigning method means that traffic time slots assigned for uplink and downlink can be reallocated before inter-frequency and inter-system measurement. 

In section 5 – Study Area, asymmetric pattern and pattern combination scheme are introduced as two channel re-assigning methods. 

6.1.2 GSM measurement

During GSM measurement, synchronisation with GSM will be performed in order to verify BSIC.
Here we consider synchronize with FCCH and FCCH+SCH both by conventional scheme and by asymmetric pattern. 

6.1.2.1 Asymmetric pattern applying for GSM measurement

In conventional scheme, idle time slots which have no traffic is proposed to be used for inter-frequency and inter-system measurement. In order to reduce synchronisation time or avoid synchronisation failure case with low cost terminal, asymmetric pattern can be used for GSM measurement. Comparison of asymmetric pattern and conventional scheme during synchronisation with FCCH and FCCH+SCH are shown in Table 1. Simulation assumptions refer to Annex A.1. 

Table1. Comparison of asymmetric pattern and pattern combination scheme during GSM measurement

	
	0.5ms switching time 
	0.8ms switching time

	
	Asymmetric pattern 
	Conventional scheme 
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme

	Average sync time with FCCH (ms)
	65.7
	167.2
	75.6
	77.8


	Have probability of measurement failure
	95.1

	Average sync time with FCCH+SCH (ms)
	136.2
	272.6
	92.5
	162.2
	Have the probability of measurement failure
	114.2

	Max sync time with FCCH (ms)
	184.2
	656.5
	187.2
	274.5
	Can never be acquired
	232.5

	Max sync time with FCCH+SCH (ms)
	234.9
	896.5
	237.2
	514.5
	Can never be acquired
	237.5

	Min sync time with FCCH (ms)
	1.1
	1.1
	1.1
	1.4
	1.1
	1.4

	Min sync time with FCCH+SCH (ms)
	51.8
	6.1
	6.1
	52.1
	6.1
	6.3


Note: Conventional scheme in Table 1 considers all possible traffic channel allocation. The best case in conventional scheme means one of the special traffic channel allocation in conventional scheme which is TS3 for UL and TS4 for DL every sub-frame.

The above table shows that synchronisation time with FCCH and FCCH+SCH in GSM will be reduced compared to conventional scheme considering all possible channel allocation, and can avoid measurement failure case with using low cost terminal. In addition, asymmetric pattern has a little longer synchronisation time than the best case of traffic channel allocation. But further study on power control, beamforming, UL synchronisation, and DCA impact of the best case in conventional scheme is needed, because TS3 and TS4 is so close and may cause impact on these functions.
6.1.3 FDD measurement
During FDD measurement, 1.28Mcps TDD UE should synchronize with FDD Primary SCH and Secondary SCH. 
6.1.3.1 Asymmetric pattern applying for FDD measurement

In section 5, FDD measurement is described as an example of asymmetric pattern application. In this section simulation results of monitoring Primary SCH and Secondary SCH by using asymmetric pattern and conventional scheme are given in order to make comparison. Simulation assumptions refer to Annex A.2.

For 1.28Mcps TDD, we assume that uplink traffic is allocated in TS1, and downlink traffic channel can be allocated in TS4, or TS5, or TS6, or TS0 with uniform distribution. Simulation results of synchronisation with primary SCH and secondary SCH by using conventional scheme and asymmetric pattern are shown in Table 2 and Table 3 separately.

Table2. Synchronisation time of monitoring Primary SCH by using conventional scheme

	
	Average Sync time (ms)
	Max Sync time (ms)
	Min Sync time (ms)

	
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme 
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme

	Acquiring 75PSCs(ms)
	106.1
	149.4
	96.6
	124.1
	248.6
	107.9
	104.1
	107.2
	92.6

	Acquiring 150PSCs(ms)
	217.0
	299.7
	194.1
	244.1
	498.6
	212.9
	214.1
	212.2
	187.6

	Acquiring 225PSCs(ms)
	328.8
	451.2
	292.8
	374.1
	748.6
	322.9
	324.1
	322.2
	282.6


Table3. Synchronisation time of monitoring Secondary SCH by using conventional scheme

	
	Average Sync time (ms)
	Max Sync time (ms)
	Min Sync time (ms)

	
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme 
	The best case in conventional scheme
	Asymmetric pattern
	Conventional scheme
	The best case in conventional scheme

	Acquiring 75SSCs(ms)
	106.1
	149.4
	96.6
	124.1
	248.6
	107.9
	104.1
	107.2
	92.6

	Acquiring 150SSCs(ms)
	217.0
	299.7
	194.1
	244.1
	498.6
	212.9
	214.1
	212.2
	187.6

	Acquiring 225SSCs(ms)
	328.8
	451.2
	292.8
	374.1
	748.6
	322.9
	324.1
	322.2
	282.6


Note: Conventional scheme in Table 2 and Table 3 considers all possible traffic channel allocation. The best case in conventional scheme means one of the special traffic channel allocation in conventional scheme which is TS3 for UL and TS4 for DL every sub-frame.
Table 2 and Table 3 show that synchronisation time with Primary SCH and Secondary SCH will be decreased by using asymmetric pattern for time slot allocation compared to the conventional scheme considering all possible traffic channel allocation. Comparing with the best case of traffic channel allocation in conventional scheme, asymmetric pattern has longer sync time. Further study on power control, beamforming, UL synchronisation, and DCA impact of the best case in conventional scheme is needed.
6.1.4 3.84Mcps TDD measurement
During 3.84Mcps TDD measurement, 1.28Mcps TDD UE should synchronize with 3.84Mcps TDD Primary SCH and Secondary SCH. Problem identification of 3.84Mcps TDD measurement from 1.28Mcps TDD in conventional scheme is described in section 5.2. It shows that the probability of successful synchronisation with 3.84Mcps TDD is very low by using conventional scheme.
6.1.4.1 Asymmetric pattern applying for 3.84Mcps TDD measurement

Asymmetric pattern described in section 5.1 can be used as one option to solve the problem addressed in the conventional scheme. Simulation results of monitoring 3.84Mcps TDD by using asymmetric pattern and conventional scheme are given in Table 4. Case 2 of 3.84Mcps TDD SCH is considered. Simulation assumptions refer to Annex A.3.

Table 4. Simulation results comparison by using asymmetric pattern and conventional scheme with different switching time in 3.84Mcps TDD SCH case 2

	Switching time
	Successful sync probability by using asymmetric pattern 
	Successful sync probability in conventional scheme

	0.2ms
	98.75%
	62.92%

	0.3ms
	96.72%
	56.79%

	0.4ms
	94.47%
	50.78%

	0.5ms
	92.12%
	44.50%


From the above table, it is observed that the probability of being able to acquire SCH in 3.84 Mcps TDD is greatly increased by using asymmetric pattern, even when synthesizer switching time is 0.5ms, the probability of successful synchronisation is more 90%. 
6.1.5 1.28Mcps TDD measurement
In order to synchronize with 1.28Mcps TDD of different frequency before inter-frequency handover, original 1.28Mcps TDD cell needs to monitor DwPCH in target 1.28Mcps TDD cell with different frequency. We assume that timing alignment between 1.28Mcps TDD cells with different frequency is not known. When the case of traffic channels in original cell in 1.28Mcps TDD overlapping with DwPCH in target cell occurs, refer to Figure 7, we can clearly see that if channel allocations don’t change or change in a long time interval, DwPCH in target cell have the possibility of never being acquired, or synchronisation time is very long. This will greatly decrease the performance of inter-system handover. 
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Figure7 case of traffic channels in original cell in 1.28Mcps TDD overlapping with DwPCH in target cell
6.1.5.1 Asymmetric pattern applying for 1.28Mcps TDD measurement

Asymmetric pattern described in section 5.1 can be used as one option to solve the problem addressed in the conventional scheme. Simulation results of monitoring 1.28Mcps TDD by using asymmetric pattern and conventional scheme are given in Table 5. Simulation assumptions refer to Annex A.4

Table 5. Simulation results comparison by using asymmetric pattern and conventional scheme with different switching time

	Switching time
	Successful sync probability by using asymmetric pattern 
	Successful sync probability in conventional scheme

	0.2ms
	100%
	53.20%

	0.3ms
	100%
	47.38%

	0.4ms
	96.57%
	41.33%

	0.5ms
	92.51%
	35.28%


From Table 5, it is observed that the probability of being able to acquire DwPTS in 1.28 Mcps TDD is greatly increased by using asymmetric pattern, even can reach 100% when synthesizer switching time is 0.2ms or 0.3ms. 
Annex A. Simulation Assumptions

A.1 Simulation Assumptions of GSM measurement:

· Low data rate with only one uplink and one downlink traffic time slot.
· Initial timing alignment between 1.28Mcps TDD and GSM is not determined. Step size of neighboring start positions of TDD frame in the GSM 51-multiframe is 10 chips or 7.8125us. In one GSM frame (3060/13ms=235.385ms), there are 235.385*1000/7.8125=30130 possible start positions of the TDD frame in the GSM 51-multiframe are considered (uniform distribution).

· Two cases of monitoring scheme are considered. One is acquiring a complete FCCH burst and the other is a complete FCCH burst and SCH burst together.
· Considering 0.5ms switching time and 0.8ms switching time.

A.2 Simulation Assumptions of FDD measurement:
· Timing information with FDD is not known before monitoring.

· Timing alignment of FDD 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.

· 3 uplink time slots (TS1, TS2, TS3) and 4 downlink time slots (TS0, TS4, TS5, TS6) channel structure in one sub-frame are assumed in the simulation.

· In conventional scheme, channel allocation to each time slot is uniform.

· SCH of FDD is considered for monitoring. First, Primary SCH is monitored. Synchronisation is considered successful when 75 SSCs, 150 SSCs, or 225 SSCs are acquired. Secondary SCH will be monitored after synchronisation with Primary SCH is successful.

· Synthesizer switching time is 0.5ms.

A.3 Simulation Assumptions of 3.84Mcps TDD measurement:

· 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.

· In 1.28Mcps TDD, TS1 is fixed for uplink traffic, and the probability of downlink channel allocation in TS4, TS5, TS6 and TS0 is equal.

· 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. Synchronisation with SCH is considered successful when both synchronization with Primary SCH and Secondary SCH are successful. Here, sync time is calculated with one PSC and one group of SSCs being acquired.

· Synthesizer switching time is 0.2~0.5ms.

A.4 Simulation Assumptions of 1.28Mcps TDD measurement:

· Timing information with inter-frequency 1.28Mcps TDD is not known before monitoring.

· Timing alignment of inter-frequency 1.28Mcps 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.

· In 1.28Mcps TDD, TS1 is fixed for uplink traffic, and the probability of downlink channel allocation in TS4, TS5, TS6 and TS0 is equal.

· DwPTS of 1.28Mcps TDD is considered for measurement.

· Synthesizer switching time is 0.2~0.5ms.
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