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1. Introduction 
In current Rel-4 specification, some idle time slots without traffic can be used for inter-frequency or inter-system monitoring in 1.28 Mcps TDD. In the conventional scenarios, traffic channel allocation is symmetric, which means consecutive sub-frame will use the same time slot allocation pattern. However, it can occur that the measurement window may be very short and result in relatively long synchronisation time or synchronisation failure. Especially in FDD case, only small number of consecutive SSCs can be acquired in one measurement window.

Therefore, in order to solve the addressed problems in conventional scheme, special kind of asymmetric pattern for time slot allocation in each 1.28Mcps TDD frame is proposed to get a longer measurement window. In this asymmetric channel allocation pattern, even and odd sub-frames in one frame will use different channel allocation. The simulation results for using asymmetric pattern to monitor FDD are given to show the improvement. So we proposal to include an asymmetric pattern for timeslot allocation as one of the study areas. 

2. Asymmetric pattern for time slot allocation

Measurement window in conventional scheme

For low data rate service with only 1 uplink and 1 downlink, the example of idle time slots in conventional scheme is shown in Figure 1. Traffic channel allocation is the same in two sub-frames of one frame, which we call symmetric channel allocation. 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 sub-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 1. Possible idle periods in a sub-frame with two occupied traffic timeslots in conventional scheme with symmetric time slot allocation 

Asymmetric Pattern for Time Slot Allocation:
In one frame, the first sub-frame is called as even sub-frame, and the second sub-frame as odd sub-frame. In asymmetric channel allocation pattern, channel allocation is different in the two sub-frames of one frame. In even sub-frame, downlink traffic channel is re-assigned to TS0, and uplink traffic channel is re-assigned to TS1; in odd sub-frame, downlink traffic channel is re-assigned to the timeslot just after the second switching point, and the uplink traffic channel to the timeslot just before the second switching time. So measurement can be done during all idle time except the traffic timeslots. In one 10ms frame, A and B are assumed to be devoted to inter-system measurement.
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Figure 2. Asymmetric time slot allocation pattern proposed for the channel re-assigning scheme
From the comparison of figure 1 & figure 2, we can see that asymmetric allocation pattern provides larger measurement window than conventional scheme. 
3. An example for applying asymmetric channel allocation pattern to FDD

3.1 Problem identification when 1.28Mcps TDD UE monitors FDD cell in conventional scheme 

In order to synchronize with FDD when UE handover to FDD from 1.28Mcps TDD, 1.28Mcps TDD UE should monitor Primary SCH in order to get time slot timing, and monitor Secondary SCH of FDD to get frame timing. 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. Whenever we take traffic channel allocation in conventional scheme as described in Figure 1, the measurement window may be so short that at most two consecutive SSCs can be acquired in one measurement window. Consequently, it may be possible that we can’t get enough timing information for synchronization with FDD, and the probability of successful handover will be decreased greatly. Considering the best case in the conventional scheme, the measurement window length is 5 idle timeslots, and at most 4 consecutive SSCs can be acquired. During the procedure of the measurement, all the possible traffic channel allocation should be considered. Figure 3 shows that asymmetric time slot allocation pattern can enlarge the maximum length of measurement window and capture more SSCs during every measurement window. 
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Figure 3. Comparison of the measurement window length between symmetric and asymmetric time slot allocation pattern.
3.2 Performance improvements by using asymmetric pattern for time slot allocation. 

3.2.1 Simulation results of monitoring Primary SCH by using asymmetric pattern for time slot allocation and conventional scheme:

3.2.1.1 Monitoring Primary SCH by using conventional scheme

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 assumption can refer to Annex. Simulation results of average synchronisation time, maximum synchronisation time and minimum synchronisation time for synchronize with primary SCH by using conventional scheme and asymmetric pattern are in Table 1 and Table 2 separately.

Table1. 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


3.2.1.2 Monitoring Primary SCH by using asymmetric pattern for time slot allocation

Table2. Synchronisation time of monitoring Primary SCH by using asymmetric pattern for time slot allocation

	
	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


From Table 1 and Table 2, it can be observed that synchronisation time with Primary SCH will decrease by using asymmetric pattern for time slot allocation compared to the conventional scheme. 

3.2.2 Simulation results of monitoring Secondary SCH by using asymmetric pattern for time slot allocation and conventional scheme

In Table 3, it is described that a percentage of number of SSCs can be acquired in conventional scheme and asymmetric pattern for time slot allocation in order to make comparison. In asymmetric pattern for time slot allocation, 6 or 7 consecutive SSCs can be acquired whenever we monitor SCH. But in conventional scheme, 1 SSC, 2 consecutive SSCs, 3 consecutive SSCs, or 4 consecutive SSCs can be acquired which means in the best case 4 consecutive SSCs can be acquired with some percentage, respectively, and in the worst case, only 1 SSC can be acquired. Simulation assumption refers to Annex. 

Table 3: Percentage of number of SSCs can be acquired in conventional scheme and asymmetric pattern for channel allocation 

	
	Percentage of number of SSCs which can be acquired in conventional scheme
	Percentage of number of SSCs which can be acquired in asymmetric pattern for channel allocation

	1 SSC
	17.8%
	-

	2 consecutive SSCs
	46.0%
	-

	3 consecutive SSCs
	24.7%
	-

	4 consecutive SSCs
	11.5%
	-

	6 consecutive SSCs
	-
	9.0%

	7 consecutive SSCs
	-
	91.0%


From Table 3, it can be observed that 1.28Mcps TDD UE can get more consecutive SSCs by using asymmetric pattern for time slot allocation compared to the conventional scheme when we monitor secondary SCH. That means that the improvement of monitoring Secondary SCH can be attained by employing an asymmetric pattern allocation.

3.3 Investigation of impact on other functions of asymmetric pattern for time slot allocation 

· Impact on power control
· Impact on beam-forming
· Impact on uplink synchronisation

· Impact on DCA (slow DCA and fast DCA)
· The maximum number of traffic channels in TS0 which is also used for the P-CCPCH
Further investigations of such impacts are also necessary in relation to this study item.
4. Conclusion

Asymmetric pattern for time slot allocation is proposed in order to get a larger measurement window to reduce synchronization time with Primary SCH and acquire more consecutive SSCs when 1.28 Mcps TDD UE monitor the SCH of the FDD system. So we propose to include asymmetric pattern for time slot allocation as one of the study areas of this SI.
Annex: Simulation Assumptions for monitoring FDD 

1. Simulation assumptions:

· 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.
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5. Study Areas
5.1. Asymmetric pattern for time slot allocation

In current Rel-4 specification, some idle time slots without traffic can be used for inter-frequency or inter-system monitoring in 1.28 Mcps TDD. In the conventional scenarios, traffic channel allocation is symmetric, which means two sub-frames in one frame will use the same time slot allocation pattern. However, it can occur that the measurement window may be very short and result in relatively long synchronisation time or synchronisation failure. Especially in FDD case, only small number of consecutive SSCs can be acquired in one measurement window.

In order to synchronize with FDD when UE handover to FDD from 1.28Mcps TDD, 1.28Mcps TDD UE should monitor Primary SCH in order to get time slot timing, and monitor Secondary SCH of FDD to get frame timing. 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. Figure1 give an example of traffic channels allocation in conventional scheme. Whenever we take traffic channel allocation in conventional scheme as described Figure 1, the measurement window may be so short that at most two consecutive SSCs can be acquired in one measurement window. Consequently, it may be possible that we can’t get enough timing information for synchronization with FDD, and the probability of successful handover will be decreased greatly. Considering the best case of conventional scheme which means UL and DL are neighboring the second switching point, the measurement window length is 5 idle timeslots, and at most 4 consecutive SSCs can be acquired. During the procedure of measurement, all the possible traffic channel allocation should be considered. 
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Figure 1. Comparison of the measurement window length between symmetric and asymmetric time slot allocation pattern.
Therefore, in order to solve the addressed problems in conventional scheme, special kind of asymmetric pattern for time slot allocation in each 1.28Mcps TDD frame is proposed to get a longer measurement window. In asymmetric channel allocation pattern, channel allocation is different in two sub-frames of one frame. In one frame, the first sub-frame is called as even sub-frame, and the second sub-frame as odd sub-frame. In even sub-frame, downlink traffic channel is re-assigned to TS0, and uplink traffic channel is re-assigned to TS1; in odd sub-frame, downlink traffic channel is re-assigned to the timeslot just after the second switching point, and the uplink traffic channel to the timeslot just before the second switching time. So measurement can be carried out during all idle time slots except the pre-assigned traffic timeslots. 

It can be seen from Figure 1 that asymmetric pattern for time slot allocation provides larger measurement window than conventional scheme. This is partially due to the reduction of number of RF frequency switching, hence the consideration for switching time in this study area is needed. 
Considering the impact on other function, further investigations on the impact of power control, beam-forming, uplink synchronization, DCA, and the maximum number of traffic channels in TS0 which is also used for the P-CCPCH resulted from employing the asymmetric time slot allocation pattern are necessary in relation to this study item.

6. Proposed methods
6.1 Channel reassigning method

6.1.1 Overview of proposed channel re-assigning scheme
6.1.2 GSM measurement

6.1.3 FDD measurement

6.1.4 3.84Mcps TDD measurement

6.1.5 1.28Mcps TDD measurement

6.1.6 Impacts on other function

6.2 Other schemes
--------------------------------------------End of Text Proposal------------------------------------------------
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