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1.  Introduction

In FDD mode, compressed mode can be 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 characteristics of uplink transmission and downlink transmission are discontinuous, so some time slots that have no traffic can be used for monitoring GSM, FDD, WB-TDD or NB-TDD. However, the current Rel-4 specification may not guarantee enough time for each inter-RAT measurement due to the position of pre-occupied time slots for uplink and downlink transmission. This may cause the relatively long measurement time and may result in the increase of terminal power consumption or a call drop in case that UE is located at handover region. The study item “Improvement of inter-frequency and inter-system measurements for 1.28 Mcps TDD” was approved at the last RAN meeting #14 in order to improve the measurement feature in 1.28Mcps TDD [1].

In this contribution, a channel re-assigning method proposed in RAN WG1 meeting [2] was introduced in order to help you understand the proposed scheme. 
2.  Overview of proposed channel re-assigning scheme

A channel re-assigning method was proposed to achieve more consecutive time slots for inter-RAT measurement. The operation of the proposed methods is as follows. 
1. Before the inter-frequency or inter-RAT measurement is initiated, some number of uplink channels located in the uplink time slot and some number of downlink channels located in the downlink timeslot near switching points can be reserved for inter-frequency or inter-RAT measurement purpose since this can reduce the number of  RF transition for UE to change the carrier frequency during whole measurement time. But the reserved channels can be used for traffic channels when all other channels are already being occupied. It depends on an implementation issue that how many downlink channels or uplink channels are reserved for measurement purpose.

2. When 1.28 Mcps TDD UE needs to measure the inter frequency signals or the other RAT signals, the channel re-assigning procedure for measurement is initiated. The candidates for the channel re-assigning procedure are as follows.

- Transmission of Physical Channel Reconfiguration whenever an inter-RAT measurement is required 

-  A small modification on the message MEASUREMENT CONTROL

-  Use of indexed channel re-assigning information sets of measurement period, time slot patterns in a frame (codes and time slots for each uplink/downlink, measurement purpose, etc )

The impact on higher layer and most appropriate selection on these are still under discussion at WG2.

3. After an inter frequency or inter-RAT measurement initiation and transmission of detailed parameters (measurement length, time slot pattern, code, etc) are completed, uplink/downlink traffic channel for the UE is switched to the reserved uplink/downlink timeslots during the pre-determined length of sub-frame. After the transmission of uplink/downlink traffic channel is switched to the reserved uplink/downlink timeslots, the UE monitors the inter frequency signals or the inter RAT signals during the idle time slots that are not assigned for the transmission of downlink or uplink traffic. 

After the UE completes the measurement, the UE returns to use previous time slots for the downlink and uplink transmission.
3.  An example of method for Inter-RAT measurement 

In this chapter, we depict the operation of the conventional method and the proposed method in detail by the example. The example is related to monitor GSM signal. The inter-frequency measurement or inter-RAT measurement except GSM are still under discussion at WG1. 

3.1 Analysis for conventional method for GSM monitoring
In TS 25.225 Annex A.2 [3], there is an example for GSM monitoring by using of idle time slots, and simulation results of synchronization time in some cases are given. In Figure 1, it is assumed that an UE with a single synthesizer uses only one uplink time slot and one downlink time slot per sub-frame.  The gray colored time slots are active time slots for the uplink and downlink transmission, and the other time slots are idle time slots to be used for measurement. Accordingly, in Figure 1, the 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 as shown in the Figure 1.
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Figure 1 Possible idle periods in a sub-frame with two occupied traffic timeslots without channel re-assigning
Measurement time A is defined as the number of idle slots between the Tx and Rx slots and measurement time B the number of idle slots between the Rx and Tx slots. It is clear that A+B is equal to the sum of 5 time slots and DwPTS+GP+UpPTS.
In Figure 1, if the UE monitors GSM signals, the frequency synthesizer should change from its own RF frequency of  NB-TDD to a target RF frequency of GSM. The more the number of frequency change, the shorter the measurement time for GSM. Therefore, the nember of this kind of frequency change of UE is at least 4. This results in the reduction of actual measurement time for GSM because of frequent RF frequency change.

3.2 Proposed method: channel re-assigning scheme
A channel re-assigning method was proposed to achieve more consecutive time slots for inter-frequency or inter-RAT measurement. The proposed method can be applied for the UE under the situation in Figure 1. The proposed methods are illustrated in Figure 2. The key point of the proposed method is that the the number of  RF frequency change can be reduced by a channel re-assignment without any disturbance of  the previously arranged uplink and downlink transmission.   
In frame pattern A of Figure 2, the uplink channel and the downlink channel for the UE that requires the inter-frequency or inter-RAT measurement are reallocated in the uplink time slot and the downlink time slot located near the second switching point. Comparing to Figure 1, the number of frequency change in Figure 2 frame pattern A is reduced. This is the same as the case of frame pattern B in Figure 2. The difference between pattern A and pattern B is just the location of the active uplink and downlink time slot,  which is assigned for the UE that requires the inter-frequency measurement or inter-RAT measurement.

The detailed operation in Figure 2 is as follows. 

· A number of uplink and downlink channels at switching points are reserved for inter-frequency or inter-RAT measurement. However, the reserved channels can be used for traffic channels when all other channels are being used. Hence,  the proposed method will not disturb the current channel assignment even if this kind of reservation  is used. 

· When an inter-frequency or an inter-RAT measurement is necessary, uplink/downlink traffic channel for the UE can be switched to the reserved uplink/downlink timeslots, i.e. in case of frame pattern A in Figure 2 to the time slots at the second switching point and in case of frame pattern B to those at the first switching point. Hence, in the case of frame pattern A in Figure 2, all the idle time slots from the end of the timeslot just after the second switching point in the even sub-frame to the beginning of the timeslot just before the second switching point in the odd sub-frame and all the idle time slots from the end of the timeslot just after the second switching point in the odd sub-frame to the beginning of the timeslot just before the second switching point in the even sub-frame can be utilized for tracking FCCH burst or FCCH and SCH bursts of GSM frame concurrently. 
Note that the second switching point in every sub-frame does not need to be fixed. It is observed that the sum of 5 time slots and DwPTS+GP+UpPTS can be used for monitoring an inter-RAT system in case of frame pattern A and sequential 5 time slots in case of frame pattern B.
· When an inter-frequency or an inter-RAT measurement is over, the UE returns to it’s original allocation of uplink and downlink time slots and the reserved uplink channel and downlink channel for inter-frequency or inter-RAT measurement can be used for other UEs which require the inter-frequency measurement or the inter-RAT measurement. 
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Figure 2 Measurement time by using proposed channel re-assigning method during inter-RAT measurement
3.3 Simulation results

The simulation results submitted to WG1 are shown as the information in this document. The simulation results shows that the total measurement time of the proposed scheme is greatly reduced compared with that of the conventional scheme.  

3.3.1  Simulation assumptions
(1) Low data rate with only one uplink and one downlink traffic time slot.

(2) Initial timing alignment between 1.28Mcps TDD and GSM is not determined. Step size of neighbouring 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).
(3) 0.5ms and 0.8ms switching time are considered.

(4) 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.

3.3.2 Simulation results

The simulation results of channel re-assigning method and conventional method are given in Table 1. The simulation results in Table 1 are for monitoring GSM signals.

Table 1 Comparison of simulation results by using the channel re-assigning method and conventional one with 2 traffic timeslots per sub-frame and with 0.5ms and 0.8ms switching time under symmetric frame structure
	
	0.5ms frequency switching time
	0.8ms frequency switching time

	
	Proposed method
	Conventional method
	Proposed method
	Conventional method

	Average synchronisation time for monitoring both FCCH and SCH (ms)
	92.5
	272.6
	114.2
	We can’t be evaluated because of long switching time

	Average synchronisation time for monitoring only FCCH  (ms)
	75.6
	167.2
	95.1
	We can’t be evaluated because of long switching time. 

	Maximum synchronisation time for monitoring both FCCH and SCH (ms)
	237.2
	896.5
	237.5
	These bursts can never be acquired

	Maximum synchronisation time for monitoring only FCCH  (ms)
	187.2
	656.5
	232.5
	SCH burst can never be acquired

	Minimum synchronisation time for monitoring both FCCH and SCH (ms)
	6.1
	6.1
	6.3
	6.4

	Minimum synchronisation time for monitoring only FCCH  (ms)
	1.1
	1.1
	1.4
	1.4


4.  Conclusion

In this contribution, we introduce a channel re-assigning method for inter-frequency and inter-system measurements for 1.28 Mcps TDD. The benefit of the proposed method was shown in [2, 4-6] and the signalling required for the proposed method was described in [7].

The benefits of using this scheme are that more consecutive idle time slots for inter-frequency and inter-system measurements can be obtained and the actual measurement time can be increased by reduction of the number of RF change.  
Simulation Results show that the average/maximum synchronization time for monitoring GSM from 1.28Mcps TDD can be greatly reduced.
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