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Introduction 

In RAN WG1 #22 meeting, Tdoc R1-01-1289 from Samsung introduced a channel re-assigning scheme for improvement inter-system measurement for 1.28Mcps TDD in order to reduce synchronisation time. From simulation results of R1-01-1289, improvement of measurement was shown by using channel re-assigning scheme for 1.28Mcps TDD during monitoring GSM.

The study item “Improvement of inter-frequency and inter-system measurements for 1.28Mcps TDD” has been approved at RAN meeting #14. 
In this contribution, first we introduce three channel re-assigning patterns for inter-system measurement, including one pattern in Tdoc R1-01-1289. All these three channel re-assigning patterns or any of their combinations can be used for all inter-system measurement purpose. Second, we compare the two schemes for monitoring FDD, Channel re-assigning Scheme and Conventional Scheme. Third, simulation results comparison of monitoring FDD is given. At last, we draw a conclusion that Channel re-assigning Scheme for monitoring FDD can reduce the synchronisation time with Primary SCH and acquiring more consecutive SSCs during synchronisation with Secondary SCH, so it can bring great benefit compared to conventional scheme.

Three proposed channel re-assigning patterns for inter-system measurement:

In Tdoc R1-01-1289, Samsung proposed one channel re-assigning pattern (we call it pattern #1 following) for inter-system measurement. In this contribution, we will introduce another two channel re-assigning patterns besides pattern #1. Each of the three channel re-assigning patterns or any of their combinations can all be used for any inter-system measurement purpose. Low data rate traffic with only 1 uplink channel and 1 downlink channel is considered.

Pattern #1:

Channel re-assigning pattern #1 is doing like this: In one sub-frame, uplink traffic channel for UE swaps to the uplink timeslot just before the second switching point, and downlink traffic channel for UE swaps to the downlink timeslot just after the second switching point. Hence, all the idle time slots from the end of the timeslot just after the second switching point in sub-frame # i to the beginning of the timeslot just before the second switching point in sub-frame # i+1 can be used for measurement. In Figure 1, yellow colored time slots means a traffic channel after channel re-assigning , and green colored timeslots means the measurement period. It is observed that the sum of 5 time slots and DwPTS+GP+UpPTS can be used for inter-system measurement.
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 Figure 1. Channel re-assigning  pattern #1 proposed during inter-system measurement

Pattern #2:

Channel re-assigning pattern #2 works as follows: In 1.28Mcps TDD, there are two sub-frames in one frame. It is called that the first sub-frame as even sub-frame, and the second sub-frame as odd sub-frame. Two different channel re-assigning methods are used in even sub-frame and odd sub-frame. In even sub-frame, we swap the downlink traffic channel to TS0, and swap the uplink traffic channel to TS1. The pair of traffic channels (1 downlink and 1 uplink) after swapping in even sub-frame is defined as the first pair of traffic channels. In odd sub-frame, we swap the downlink traffic channel to the timeslot just after the second switching point, and the uplink traffic channel to the timeslot just before the second switching time. The pair of traffic channels (1 downlink and 1 uplink) after swapping in odd sub-frame is defined as the second pair of traffic channels. So measurement can be done during all idle time except the traffic timeslots. Measurement time is defined as following:

In one 10ms frame, A is defined as the period between the end of the first pair of traffic timeslots in even sub-frame and the beginning of the second pair of traffic timeslots in odd sub-frame. B is defined as the period between the end of the second pair of traffic timeslots in odd sub-frame and the end of the same frame. Referring to Figure 2. It is clear that A+B is equal to 10 timeslots and DwPTS+GP+UpPTS. A and B are assumed to be devoted to inter-system measurement.
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 Figure 2. Channel re-assigning  pattern #2 proposed during inter-system measurement
Pattern #3:

Channel re-assignment pattern #3 is doing like this: In one sub-frame, uplink traffic channel swaps to TS1, and downlink traffic channel swaps to TS6. So idle time between the beginning of TS2 and the end of TS5 in the same sub-frame can be used to do measurement.
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 Figure 3. Channel re-assignment pattern #3 proposed during inter-system measurement
Conventional method for monitoring FDD

Transmission of 1.28Mcps TDD is discontinuous, so idle time slots without transmission and reception of traffic can be used for monitoring FDD. In these idle periods the synthesizer of the UE receiver has to switch from the 1.28Mcps TDD frequency band to the FDD frequency band which should be monitored (and after the monitoring vice versa). For low data rate service with only 1 uplink and 1 downlink, the example of idle time slots is shown in Figure 4. Yellow colored time slots are traffic time slots, and green colored time slots are idle time slots for measurement. UE is not in transmission or reception state during 5 slots in each frame. 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 4. Possible idle periods in a sub-frame with two occupied traffic timeslots without channel re-assigning 
In order to synchronize with FDD before handover to FDD from 1.28Mcps TDD, 1.28Mcps TDD needs to monitor Primary SCH and Secondary SCH of FDD. For Primary SCH, PSC with length of 256 chips is the same for every cell in the system and transmits once every slot. For Secondary SCH, it repeatedly transmits a sequence of 15 SSCs with length of 256 chips every frame. Take traffic channel allocation as Figure 4 for an example, the measurement window is so short that at most two consecutive SSCs can be acquired in one measurement window. Consequently, we can’t get enough timing information for synchronisation with FDD, and handover performance will decrease greatly.

Comparison of monitoring FDD by using Channel re-assigning scheme and conventional scheme:

Simulation of monitoring Primary SCH and Secondary SCH by using channel re-assigning scheme and conventional scheme are performed separately. Simulation Results are given in Annex. 

For monitoring Primary SCH, average synchronisation time, maximum synchronisation time and minimum synchronisation time by using conventional scheme are given in Table 1 and Table 2, and those by using channel re-assigning pattern #1 and pattern #2 are given in Table3 and Table 4 respectively. Figure 5 to Figure 13 give comparison of conventional scheme and channel re-assigning scheme. The figures show that the synchronisation time to acquire Primary SCH by using channel re-assigning scheme is shorter than that of using conventional scheme.

For monitoring Secondary SCH, the structure of Secondary SCH is not the same as Primary SCH, and it consists of a sequence of 15 SSCs with each SSC of length 256chips. So if more consecutive SSCs are acquired, the decision of frame timing will be more reliable and accurate. Considering the characteristic of Secondary SCH, we give simulation results of number of cases of acquiring different number of consecutive SSCs under different initial timing alignment between FDD and 1.28Mcps TDD both by using channel re-assigning scheme and conventional scheme. Referring Table 5, 6, and 7. Figure 14, 15, and 16 give figures of probability of acquiring different number of consecutive SSCs by conventional scheme, channel re-assigning pattern #1 and pattern #2. The figures show that channel re-assigning scheme can provide more longer measurement window, during which more consecutive SSCs can be acquired. This will result in great benefit for synchronisation with Secondary SCH.

Conclusion:

In this contribution, 3 channel re-assigning patterns are introduced to improve inter-system measurement. Simulation results of monitoring FDD can show that channel re-assigning scheme can reduce the synchronisation time with Primary SCH and acquiring more consecutive SSCs during synchronisation with Secondary SCH. Based on the simulation results in case of Primary SCH, it is observed that Pattern #1 seems to attain the better performance than Pattern #2. In conclusion, using channel re-assigning scheme during monitoring FDD can bring great benefit compared to conventional scheme.

Annex: Simulation Results for monitoring FDD 

1. Simulation assumption:

· 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.

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

· SCH of FDD is considered for measurement. First, Primary SCH is monitored. 3 cases are considered to synchronize with Primary SCH successfully: 75 PSCs, 150PSCs, or 225 PSCs are acquired. Second, Secondary SCH will be monitored after synchronisation with Primary SCH is successful. 

· Synthesizer switching time is 0.5ms.

2. Simulation results of monitoring Primary SCH by using channel re-assigning scheme and conventional scheme

(1) Monitoring Primary SCH by using conventional scheme

For symmetric channel of 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. Average synchronisation time, maximum synchronisation time and minimum synchronisation time are given in Table 1.

Table1. Synchronisation time of monitoring Primary SCH by using every traffic channel allocation case in conventional scheme

	Uplink traffic timeslot number
	Downlink

traffic timeslot number
	Average Sync time
	Max Sync time
	Min Sync time

	
	
	75

PSCs

(ms)
	150

PSCs

(ms)
	225

PSCs

(ms)
	75

PSCs

(ms)
	150

PSCs

(ms)
	225

PSCs

(ms)
	75

PSCs

(ms)
	150

PSCs

(ms)
	225

PSCs

(ms)

	TS1
	TS4
	169.5
	340.4
	511.3
	248.6
	498.6
	748.6
	148.3
	298.3
	448.3

	TS1
	TS5
	168.3
	338.5
	508.5
	248.6
	498.6
	748.6
	148.3
	298.3
	448.3

	TS1
	TS6
	150.9
	304.5
	458.5
	186.9
	371.9
	561.9
	146.6
	296.6
	446.6

	TS1
	TS0
	108.7
	215.3
	326.5
	122.6
	247.6
	372.6
	107.2
	212.2
	322.2


We assume that the probability of downlink traffic allocation on TS4, TS5, TS6, and TS0 is equal. Average synchronisation time, maximum synchronisation time and minimum synchronisation time can be calculated in general.

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

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

	Acquiring 75PSCs
	149.4
	248.6
	107.2

	Acquiring 150PSCs
	299.7
	498.6
	212.2

	Acquiring 225PSCs
	451.2
	748.6
	322.2


(2) Monitoring Primary SCH by using single channel re-assigning pattern #1

Table3. Synchronisation time of monitoring Primary SCH by using channel re-assigning pattern #1

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

	Acquiring 75PSCs
	96.6
	107.9
	92.6

	Acquiring 150PSCs
	194.1
	212.9
	187.6

	Acquiring 225PSCs
	292.8
	322.9
	282.6


(3) Monitoring Primary SCH by using single channel re-assigning pattern #2

Table4. Synchronisation time of monitoring Primary SCH by using channel re-assigning  pattern #2

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

	Acquiring 75PSCs
	106.1
	124.1
	104.1

	Acquiring 150PSCs
	217.0
	244.1
	214.1

	Acquiring 225PSCs
	328.8
	374.1
	324.1


3. Simulation results of monitoring Secondary SCH by using channel re-assigning scheme and conventional scheme

(1) Monitoring Secondary SCH by using conventional scheme

Table5. Cases of acquiring different number of consecutive SSCs under different timing alignment by conventional scheme

	
	Number of cases under different timing alignment

	Acquiring 1 SSC
	1824

	Acquiring 2 consecutive SSCs
	4711

	Acquiring 3 consecutive SSCs
	2532

	Acquiring 4 consecutive SSCs
	1181

	Total cases
	10248


(2) Monitoring Secondary SCH by using single channel re-assigning pattern #1

Table6. Cases of acquiring different number of consecutive SSCs under different timing alignment by channel re-assigning pattern#1

	
	Number of cases under different timing alignment

	Acquiring 3 consecutive SSCs
	1280

	Acquiring 4 consecutive SSCs
	8968

	Total cases
	10248


(3) Monitoring Secondary SCH by using single channel re-assigning pattern #2

Table7. Cases of acquiring different number of consecutive SSCs under different timing alignment by channel re-assigning pattern#2

	
	Number of cases under different timing alignment

	Acquiring 6 consecutive SSCs
	920

	Acquiring 7 consecutive SSCs
	9328

	Total cases
	10248


4. Simulation results comparison by using channel re-assigning scheme and conventional scheme

(1) Simulation results comparison of monitoring Primary SCH

· Acquiring 75 PSCs
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Figure5. Average Sync time                Figure6. Maximum Sync time
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Figure7. Minimum Sync time

· Acquiring 150 PSCs
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Figure8. Average Sync time                Figure9. Maximum Sync time
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Figure10. Minimum Sync time

· Acquiring 225 PSCs


[image: image11.wmf]0

100

200

300

400

500

pattern #1

pattern #2

conventional



 EMBED MSGraph.Chart.8 \s [image: image12.wmf]0

200

400

600

800

pattern #1

pattern #2

conventional


Figure11. Average Sync time                Figure12. Maximum Sync time
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Figure13. Minimum Sync time

(2) Simulation results comparison of monitoring Secondary SCH

· Probability of acquiring different number of consecutive SSCs by conventional scheme

Considering all kinds of measurement window in conventional scheme, there is the possibility of acquiring 1, 2, 3, or 4 consecutive SSCs, and the probability is given in Figure 14.
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Figure14. Probability of acquiring different number of consecutive SSCs by conventional scheme

· Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #1

According the size of measurement window in channel re-assigning pattern #1, there is the possibility of acquiring 3 or 4 consecutive SSCs, and the probability is given in Figure 15.
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Figure15. Probability of acquiring different number of consecutive SSCs by channel re-assigning  pattern #1

· Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #2

According the size of measurement window in channel re-assigning pattern #1, there is the possibility of acquiring 6 or 7 consecutive SSCs, and the probability is given in Figure 16.
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Figure16. Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #2
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5.2 Measurement of FDD from 1.28Mcps TDD

5.2.1 Three proposed channel re-assigning patterns for inter-system measurement:

Besides channel re-assigning pattern introduced in section 5.1 (we call it pattern #1), we will introduce another two channel re-assigning patterns in this section. Each of the three channel re-assigning patterns or any of their combinations can all be used for any inter-system measurement purpose. Low data rate traffic with only 1 uplink channel and 1 downlink channel is considered.

Pattern #1:

Channel re-assigning pattern #1 is doing like this: In one sub-frame, uplink traffic channel for UE swaps to the uplink timeslot just before the second switching point, and downlink traffic channel for UE swaps to the downlink timeslot just after the second switching point. Hence, all the idle time slots from the end of the timeslot just after the second switching point in sub-frame # i to the beginning of the timeslot just before the second switching point in sub-frame # i+1 can be used for measurement. In Figure 12, yellow colored time slots means a traffic channel after channel re-assigning , and green colored timeslots means the measurement period. It is observed that the sum of 5 time slots and DwPTS+GP+UpPTS can be used for inter-system measurement.
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 Figure 12. Channel re-assigning pattern #1 proposed during inter-system measurement

Pattern #2:

Channel re-assigning pattern #2 works as follows: In 1.28Mcps TDD, there are two sub-frames in one frame. It is called that the first sub-frame as even sub-frame, and the second sub-frame as odd sub-frame. Two different channel re-assigning methods are used in even sub-frame and odd sub-frame. In even sub-frame, we swap the downlink traffic channel to TS0, and swap the uplink traffic channel to TS1. The pair of traffic channels (1 downlink and 1 uplink) after swapping in even sub-frame is defined as the first pair of traffic channels. In odd sub-frame, we swap the downlink traffic channel to the timeslot just after the second switching point, and the uplink traffic channel to the timeslot just before the second switching time. The pair of traffic channels (1 downlink and 1 uplink) after swapping in odd sub-frame is defined as the second pair of traffic channels. So measurement can be done during all idle time except the traffic timeslots. Measurement time is defined as following:

In one 10ms frame, A is defined as the period between the end of the first pair of traffic timeslots in even sub-frame and the beginning of the second pair of traffic timeslots in odd sub-frame. B is defined as the period between the end of the second pair of traffic timeslots in odd sub-frame and the end of the same frame. Referring to Figure 13. It is clear that A+B is equal to 10 timeslots and DwPTS+GP+UpPTS. A and B are assumed to be devoted to inter-system measurement.
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 Figure 13. Channel re-assigning pattern #2 proposed during inter-system measurement
Pattern #3:

Channel re-assignment pattern #3 is doing like this: In one sub-frame, uplink traffic channel swaps to TS1, and downlink traffic channel swaps to TS6. So idle time between the beginning of TS2 and the end of TS5 in the same sub-frame can be used to do measurement. Referring Figure 14.
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 Figure 14. Channel re-assignment pattern #3 proposed during inter-system measurement
5.2.2 Comparison of monitoring FDD by using Channel re-assigning scheme and conventional scheme:

Simulation of monitoring Primary SCH and Secondary SCH by using channel re-assigning scheme and conventional scheme are performed separately. 

5.2.2.1 Simulation assumption:

· 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.

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

· SCH of FDD is considered for measurement. First, Primary SCH is monitored. 3 cases are considered to synchronize with Primary SCH successfully: 75 PSCs, 150PSCs, or 225 PSCs are acquired. Second, Secondary SCH will be monitored after synchronization with Primary SCH is successful. 

· Synthesizer switching time is 0.5ms.

5.2.2.2 Simulation results of monitoring Primary SCH by using channel re-assigning scheme and conventional scheme

5.2.2.2.1 Monitoring Primary SCH by using conventional scheme

For symmetric channel of 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, and the probability of downlink traffic allocation on TS4, TS5, TS6, and TS0 is equal. Average synchronization time, maximum synchronization time and minimum synchronization time are given in Table 2.

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

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

	Acquiring 75PSCs
	149.4
	248.6
	107.2

	Acquiring 150PSCs
	299.7
	498.6
	212.2

	Acquiring 225PSCs
	451.2
	748.6
	322.2


5.2.2.2.2 Monitoring Primary SCH by using single channel re-assigning pattern #1

Table 3 gives synchronization time of monitoring Primary SCH by using channel re-assigning pattern #1.

Table3. Synchronization time of monitoring Primary SCH by using channel re-assigning pattern #1

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

	Acquiring 75PSCs
	96.6
	107.9
	92.6

	Acquiring 150PSCs
	194.1
	212.9
	187.6

	Acquiring 225PSCs
	292.8
	322.9
	282.6


5.2.2.2.3 Monitoring Primary SCH by using single channel re-assigning pattern #2

Table 4 gives synchronization time of monitoring Primary SCH by using channel re-assigning pattern #2.
Table4. Synchronization time of monitoring Primary SCH by using channel re-assigning  pattern #2

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

	Acquiring 75PSCs
	106.1
	124.1
	104.1

	Acquiring 150PSCs
	217.0
	244.1
	214.1

	Acquiring 225PSCs
	328.8
	374.1
	324.1


5.2.2.2.4 Simulation results comparison of monitoring Primary SCH

· Acquiring 75 PSCs
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Figure15. Average Sync time                Figure16. Maximum Sync time
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Figure17. Minimum Sync time

· Acquiring 150 PSCs
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Figure18. Average Sync time                Figure19. Maximum Sync time
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Figure20. Minimum Sync time

· Acquiring 225 PSCs
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Figure21. Average Sync time                Figure22. Maximum Sync time
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Figure23. Minimum Sync time

From the figures, it is shown that the synchronization time to get Primary SCH will be reduced by using channel re-assigning scheme.

5.2.2.3 Simulation results of monitoring Secondary SCH by using channel re-assigning scheme and conventional scheme
For monitoring Secondary SCH, the structure of Secondary SCH is not the same as Primary SCH, and it consists of a sequence of 15 SSCs with each SSC of length 256chips. So if more consecutive SSCs are acquired, the decision of frame timing will be more reliable and accurate. Considering the characteristic of Secondary SCH, we give simulation results of number of cases of acquiring different number of consecutive SSCs under different initial timing alignment between FDD and 1.28Mcps TDD both by using channel re-assigning scheme and conventional scheme. Referring Table 5, 6, and 7. Figure 24, 25, and 26 give figures of probability of acquiring different number of consecutive SSCs by conventional scheme, channel re-assigning pattern #1 and pattern #2. The figures show that channel re-assigning scheme can provide more longer measurement window, during which more consecutive SSCs can be acquired. This will result in great benefit for synchronization with Secondary SCH.

5.2.2.3.1 Monitoring Secondary SCH by using conventional scheme

Table 5 gives number of Cases of acquiring different number of consecutive SSCs under different timing alignment by conventional scheme.

Table5. Cases of acquiring different number of consecutive SSCs under different timing alignment by conventional scheme

	
	Number of cases under different timing alignment

	Acquiring 1 SSC
	1824

	Acquiring 2 consecutive SSCs
	4711

	Acquiring 3 consecutive SSCs
	2532

	Acquiring 4 consecutive SSCs
	1181

	Total cases
	10248


5.2.2.3.2 Monitoring Secondary SCH by using single channel re-assigning pattern #1

Table 6 gives number of Cases of acquiring different number of consecutive SSCs under different timing alignment by channel re-assigning pattern#1.

Table6. Cases of acquiring different number of consecutive SSCs under different timing alignment by channel re-assigning pattern#1

	
	Number of cases under different timing alignment

	Acquiring 3 consecutive SSCs
	1280

	Acquiring 4 consecutive SSCs
	8968

	Total cases
	10248


5.2.2.3.3 Monitoring Secondary SCH by using single channel re-assigning pattern #2

Table 7 gives number of cases of acquiring different number of consecutive SSCs under different timing alignment by channel re-assigning pattern#2

Table7. Cases of acquiring different number of consecutive SSCs under different timing alignment by channel re-assigning pattern#2

	
	Number of cases under different timing alignment

	Acquiring 6 consecutive SSCs
	920

	Acquiring 7 consecutive SSCs
	9328

	Total cases
	10248


5.2.2.3.4 Simulation results comparison of monitoring Secondary SCH

· Probability of acquiring different number of consecutive SSCs by conventional scheme

Considering all kinds of measurement window in conventional scheme, there is the possibility of acquiring 1, 2, 3, or 4 consecutive SSCs, and the probability is given in Figure 24.
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Figure24. Probability of acquiring different number of consecutive SSCs by conventional scheme

· Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #1

According the size of measurement window in channel re-assigning pattern #1, there is the possibility of acquiring 3 or 4 consecutive SSCs, and the probability is given in Figure 25.
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Figure25. Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #1

· Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #2

According the size of measurement window in channel re-assigning pattern #1, there is the possibility of acquiring 6 or 7 consecutive SSCs, and the probability is given in Figure 26.
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Figure26 Probability of acquiring different number of consecutive SSCs by channel re-assigning pattern #2

The figures shows that channel re-assigning scheme can provide more longer measurement window, during which more consecutive SSCs can be acquired. This will result in great benefit for synchronization with Secondary SCH.

5.2.3 Conclusion

Simulation results of monitoring FDD can show that channel re-assigning scheme can reduce the synchronisation time with Primary SCH and acquiring more consecutive SSCs during synchronisation with Secondary SCH. Based on the simulation results in case of Primary SCH, it is observed that Pattern #1 seems to attain the better performance than Pattern #2. In conclusion, using channel re-assigning scheme during monitoring FDD can bring great benefit compared to conventional scheme.

---------------------------------------------End of Text Proposal------------------------------------------------
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