3GPP TSG-RAN WG1 #25 meeting                        Tdoc R1-02-0663
Paris, France, April 9-12, 2002

Agenda item: Improvement of inter-frequency and inter-system measurements
Source:    
Samsung
Title:         Improvement of monitoring GSM from 1.28Mcps TDD
Document for: Discussion and decision

Introduction

In the last RAN #14 meeting, “Improvement of inter-frequency and inter-system measurement for 1.28Mcps TDD” has been approved as a Rel.6 Study Item. 

In current Rel-4 specification, some idle time slots without traffic in 1.28 Mcps TDDcan be used to monitor GSM system. . However, in the conventional scenarios that traffic channel allocation is decided by RNC, it can be occurred that the measurement window may be very short which may cause relatively long synchronisation time and result in the increase of terminal power consumption or a call drop in case that UE is located at handover region. In addition, in the case of low cost single synthesizer UE (0.8 ms frequency switching time is assumed for such kind of UE), synchronisation may fail in some cases because of short length of measurement window.

Therefore, we propose channel re-assigning scheme to get a longer measurement window in order to solve the addressed problems in conventional scheme. A channel re-assigning method means that traffic time slots assigned for uplink and downlink can be reallocated before monitoring GSM through higher layer signaling, and idle timeslots without traffic can be used for measurement. Simulation results comparison of proposed scheme and conventional scheme are given.

Conventional scheme for monitoring GSM 

One GSM 51-multiframe consists of 51 GSM frames (each GSM frame occupies 60ms/13), and one frame is divided into 8 time slots, time slot 0 ... time slot 7) and the FCCH bursts necessary for the synchronisation are time slot 0 of frame 0, 10, 20, 30 and 40. In addition, SCH bursts necessary for the synchronisation are just one frame later than FCCH bursts. Referring to Figure 1.
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Figure 1.  FCCH and SCH position in one GSM 51-multiframe
The GSM 51-multiframe is repeated all the time and it is the task of the UE (dual or more mode terminal) to detect one of the GSM FCCH/SCH bursts. For that purpose the UE can use the idle TDD slots which have no traffic transmission and reception. In these idle periods the synthesizer of the UE receiver has to switch from the TDD frequency band to the GSM frequency band which should be monitored (and after the monitoring vice versa). 

In TS 25.225 Annex A.2, it suggests that using idle time slots without traffic for monitoring GSM is an option, and simulation results of synchronisation time in some cases are given. For a single synthesizer UE uses only one uplink and one downlink slot, e.g. for voice service, Referring Figure 2. 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 as shown in the Figure 2. A is defined as the number of idle slots between the Tx and Rx slots and B the number of idle slots between the Rx and Tx slots. It is clear that A+B=sum of 5 time slots and DwPTS+GP+UpPTS.
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Figure 2. Possible idle periods in a sub-frame with two occupied traffic timeslots without channel re-assigning
In some cases, the measurement window will be separated into two short parts by traffic channels which will cause relatively long measurement time. This will result in the increase of terminal power consumption or a call drop in case that UE is located at handover region. Another problem is the possible failure of measurement in some cases for low cost synthesizer. Table1 and Table 2 give simulation results analysis of two cases in which measurement window is short, from which we can see the influence of switching time and measurement window to the synchronisation time. Please see simulation assumption in Annex.

Table1. Simulation results of monitoring FCCH or FCCH+SCH with TS1 for uplink traffic and TS5 for downlink traffic under different synthesizer switching time
	TS1:UL,  TS5:DL
	Average sync time of monitoring FCCH+SCH (ms)
	Average sync time of monitoring only FCCH (ms)

	0.5ms switching time
	512
	288

	0.6ms switching time
	measurement failure probability: 35.47%
	measurement failure probability: 35.47 %

	0.7ms switching time
	measurement failure probability: 87.50%
	measurement failure probability: 87.50%

	0.8ms switching time
	Can never be synchronized (window is shorter than one FCCH timeslot)

	0.9ms switching time
	Can never be synchronized (window is shorter than one FCCH timeslot)

	1.0ms switching time
	Can never be synchronized (window is shorter than one FCCH timeslot)


Table2. Simulation results of monitoring FCCH or FCCH+SCH with TS1 for uplink traffic and TS4 for downlink traffic under different synthesizer switching time
	TS1:UL,  TS4:DL
	Average sync time of monitoring FCCH+SCH (ms)
	Average sync time of monitoring only FCCH (ms)

	0.5ms switching time
	336
	185

	0.6ms switching time
	464
	260

	0.7ms switching time
	Measurement failure probability: 15.94%
	measurement failure probability: 15.94 %

	0.8ms switching time
	measurement failure probability: 67.97%
	measurement failure probability: 67.97%

	0.9ms switching time
	Can never be synchronized (window is shorter than one FCCH timeslot)

	1.0ms switching time
	Can never be synchronized (window is shorter than one FCCH timeslot)


Therefore, some systematic solution to reduce the measurement time and prevent the failure of measurement should be needed with little modification of current specification and minimum signalling overhead. 

Proposed channel re-assign scheme for monitoring GSM

This contribution proposes a channel re-assigning method to achieve more consecutive time slots to do inter-system measurement before the starting time of monitoring GSM. 

It is assumed that channel re-assigning procedure in every subframe is the same. For low data rate traffic with only 1 uplink channel and 1 downlink channel, a channel re-assigning method doing like this: uplink traffic channel for UE re-assigns to the uplink timeslot just before the second switching point, and downlink traffic channel for UE re-assigns 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 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. In Fig. 3, yellow colored time slots means a traffic channel after channel re-assigning, and green colored timeslots means the measurement period for monitoring GSM. It is observed that the sum of 5 time slots and DwPTS+GP+UpPTS can be used for monitoring GSM.
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 Figure 3. Measurement time by using proposed channel re-assigning scheme during inter-system measurement

Comparison of channel re-assigning scheme and conventional one

(1) Simulation results of conventional scheme with 0.5ms synthesizer switching time:

In TS25.225 Annex A.2, using idle time slots to monitor GSM is an option, and simulation results of synchronisation time for acquiring FCCH burst with low data rate traffic are given. Table3, 4 are simulation results with the same cases as TS 25.225 in order to verify our simulator is correct. TS1 is assumed for uplink traffic, and as to downlink traffic, all possibilities are considered. 
Table 3. Conventional inter-system measurement scheme: average synchronization time with two busy (traffic) timeslots per subframe and with 0.5ms switching time

	Downlink traffic timeslot number
	Uplink traffic timeslot number
	Average synchronisation time for monitoring both FCCH and SCH (ms)
	Average synchronisation time for monitoring only FCCH  (ms)

	
	
	
	Samsung simulation results
	Simulation results in TS25.225  A.2

	0
	1
	102.0
	83.9
	83

	2
	1
	92.5
	75.6
	75

	3
	1
	116.7
	97.6
	98

	4
	1
	336.2
	185.0
	185

	5
	1
	511.7
	288.3
	288

	6
	1
	140.4
	111.4
	110


Table 2. Conventional inter-system measurement scheme: Maximum synchronization time with two busy (traffic) timeslots per subframe and with 0.5ms switching time

	Downlink traffic timeslot number
	Uplink traffic timeslot number
	Maximum synchronisation time for monitoring both FCCH and SCH (ms)
	Maximum synchronisation time for monitoring only FCCH  (ms)

	
	
	
	Samsung simulation results
	Simulation results in TS25.225  A.2

	0
	1
	237.2
	232.2
	231

	2
	1
	237.2
	187.2
	186

	3
	1
	237.2
	232.2
	232

	4
	1
	896.5
	656.5
	558

	5
	1
	896.5
	656.5
	656

	6
	1
	661.5
	421.5
	371


Note: 

In Table 4, Samsung simulation results in case 4 and case 6 are different from simulation results in TS25.225 Annex A.2. The reason is that we may use the different timimg alignment between 1.28Mcps TDD and GSM in both cases. In the case of Samsung simulation results, the maximum synchronisation time 656.5ms in case 4 is obtained when timing alignment between 1.28Mcps TDD and GSM is 235.382ms. The maximum synchronisation time 421.5ms in case 6 is obtained when timing alignment between 1.28Mcps TDD and GSM is 235.382ms.

(2) Conventional method with 0.8ms synthesizer switching time:

Simulation with 0.8ms switching time can be performed similarly with that of 0.5ms switching time. But, some cases that FCCH or FCCH+SCH never be acquired can be occurred because of the short measurement window. 

Table 5. Conventional inter-system measurement scheme: average synchronization time with two busy (traffic) timeslots per subframe and with 0.8ms switching time

	Downlink traffic timeslot number
	Uplink traffic timeslot number
	Average synchronisation time for monitoring both FCCH and SCH (ms)
	Average synchronisation time for monitoring only FCCH  (ms)

	0
	1
	124.4
	105.3

	2
	1
	114.2
	95.1

	3
	1
	293.0
	163.3

	4
	1
	Have the probability of measurement failure
	Have the probability of measurement failure

	5
	1
	Can never be acquired
	Can never be acquired

	6
	1
	463.8
	260.6


Note: In case 5, FCCH+SCH or FCCH only can never be acquired, because the measurement window with 0.8ms switching time is 3*0.675-2*0.8=0.425ms, while one FCH or SCH burst is 0.577ms. So the measurement window is shorter than one FCCH or SCH burst, and can never be acquired. 

In case 4, measurement window is 3*0.675+0.275-2*0.8=0.7ms (excluding 2 times of switching time) and one FCCH or SCH burst length is 0.577ms. The minimum guarantee time for synchronization with FCCH excluding 2 times of switching time is 0.962ms. So this measurement window can guarantee complete synchronization with FCCH. 
Table 6. Conventional inter-system measurement method: Maximum synchronization time with two busy (traffic) timeslots per subframe and with 0.8ms switching time

	Downlink traffic timeslot number
	Uplink traffic timeslot number
	Maximum synchronisation time for monitoring both FCCH and SCH (ms)
	Maximum synchronisation time for monitoring only FCCH  (ms)

	0
	1
	237.5
	232.5

	2
	1
	237.5
	232.5

	3
	1
	661.8
	421.8

	4
	1
	Have the probability of measurement failure
	Have the probability of measurement failure

	5
	1
	Can never be acquired 
	Can never be acquired 

	6
	1
	896.8
	656.8


(3) Simulation results of proposed channel re-assigning method with 0.5ms and 0.8ms switching time in Table 7. 

Table 7: Simulation results of proposed channel re-assigning method with 0.5ms and 0.8ms switching time, no matter where the position of the second switching point is

	
	0.5ms switching time
	0.8ms switching time

	Average synchronisation time for monitoring both FCCH and SCH (ms)
	92.5
	114.2

	Average synchronisation time for monitoring only FCCH  (ms)
	75.6
	95.1

	Maximum synchronisation time for monitoring both FCCH and SCH (ms)
	237.2
	237.5

	Maximum synchronisation time for monitoring only FCCH  (ms)
	187.2
	232.5


(4) Simulation results Comparison:
Comparison Scheme1: Simulation results comparison in case of symmetric frame structure. The second switching point is between TS3 and TS4. See Figure 4.
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Figure4: Symmetric frame structure with 3 uplink timeslots and 3 downlink timeslots from TS1 to TS6
By using channel re-assigning method, TS1 is assumed to be used for uplink traffic channel, and downlink traffic channel may be allocated in TS0, TS4, TS5, TS6. We assume that downlink traffic channel can be allocated at TS0, TS4, TS5, and TS6 with equal possibility. Hence, we use average value of synchronisation time in the four cases of downlink traffic channel being assigned in TS0, TS4, TS5, TS6, respectively.. 

1) Monitoring only FCCH burst with 0.5ms switching time
Average synchronisation time with 0.5ms switching time:

Using channel re-assigning method: 75.6ms

Conventional method: (83.9+185.0+288.3+111.4)/4 = 167.2ms

See Figure 5.
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Figure 5. average synchronisation time of monitoring only FCCH in Symmetric frame structure 

Maximum synchronisation time with 0.5 ms switching time:

Using channel re-assigning method: 187.2ms

Conventional method: 656.5ms

See Figure 6.
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Figure6. maximum synchronisation time of monitoring only FCCH in Symmetric frame structure

2) Monitoring both FCCH burst and SCH burst with 0.5ms switching time
Average synchronisation time with 0.5ms switching time:

Using channel re-assigning method: 92.5ms

Conventional method: (102.0+336.2+511.7+140.4)/4 = 272.6ms

See Figure 7.
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Figure 7. average synchronisation time of monitoring both FCCH and SCH in Symmetric frame structure

Maximum synchronisation time with 0.5ms switching time:

Using channel re-assigning method: 237.2ms

Conventional method: 896.5ms
See Figure 8.
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Figure 8. maximum synchronisation time of monitoring both FCCH and SCH in Symmetric frame structure

Comparison Scheme2: Simulation results comparison in case of asymmetric frame structure with 2 uplink timeslots and 4 downlink timeslots from TS1 to TS6. The second switching point is between TS2 and TS3. See Figure 9. 
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Figure 9: Asymmetric frame structure with 2 uplink timeslots and 4 downlink timeslots from TS1 to TS6
1) Monitoring only FCCH burst with 0.5ms switching time
Average synchronisation time with 0.5ms switching time:

Using channel re-assigning method: 75.6ms

Conventional method: (83.9+97.6+185.0+288.3+111.4)/5 = 153.2ms

See Figure 10.
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Figure 10.  average synchronisation time of monitoring only FCCH in Asymmetric frame structure

Maximum synchronisation time with 0.5ms switching time:

Using channel re-assigning: 187.2ms

Conventional method: 656.5ms

See Figure 11.
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Figure 11.  maximum synchronisation time of monitoring only FCCH in Asymmetric frame structure

2) Monitoring both FCCH burst and SCH burst with 0.5ms switching time
Average synchronisation time with 0.5ms switching time:

Using channel re-assigning method: 92.5ms

Conventional method: (102.0+116.7+336.2+511.7+140.4)/5 = 241.4ms
See Figure 12
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Figure12. average sync time of monitoring both FCCH and SCH in Asymmetric frame structure

Maximum synchronisation time with 0.5ms switching time:

Using channel re-assigning method: 237.2ms

Conventional method: 896.5ms
See Figure 13.
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Figure13. maximum synchronisation time of monitoring both FCCH and SCH in Asymmetric frame structure

Monitoring FCCH only or FCCH+SCH with 0.8ms switching time

When monitoring FCCH or FCCH +SCH with 0.8ms switching time, there is the special case in conventional scheme without channel re-assigning that can never acquire FCCH or FCCH+SCH, which is that TS5 for downlink traffic and TS1 for uplink traffic because of the large synthesizer switching time and short measurement window. 

But in Samsung proposed scheme, because of long search window, FCCH or FCCH+SCH can always be acquired. The maximum synchronisation time of detecting FCCH+SCH burst will not exceed 237.5ms. 

Conclusion:

In this contribution, a new channel re-assigning scheme for improvement of inter-system handover measurement is introduced in order to increase the measurement window size for monitoring GSM and avoid the measurement failure in the case of using the low cost terminal, then compared with conventional scheme. The simulation results for synchronisation time in all the cases described in this contribution are summarized in Table 8. The simulation results show a great benefit of using channel re-assigning scheme during inter-system measurement in 1.28Mcps TDD.
The detailed implementation or configuration of signaling support needs further consideration.

Table 8. Comparison of simulation results by using our proposed scheme and conventional one with 2 traffic timeslots per subframe and with 0.5ms and 0.8ms switching time under symmetric frame structure

	
	0.5ms switching time
	0.8ms switching time

	
	Proposed scheme
	Conventional scheme
	Proposed scheme
	Conventional scheme

	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. Referring Table4, 5.

	Average synchronisation time for monitoring only FCCH  (ms)
	75.6
	167.2
	95.1
	We can’t be evaluated because of long switching time. Referring Table4, 5.

	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
	FCCH burst can never be acquired


Reference: 

[1] TS 25.225: Physical layer – measurement (TDD)
Contact point:

Wang Ting     wangting@samsung.com
Li Xiaoqing     xqli@samsung.com
Jung Gon Kim  junggon@samsung.com

Annex

Simulation Assumption:

(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 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).

(3) 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.
(4) Measurement failure criterion is according to the requirement in TS25.123. Tidentify abort =  [5000] ms.
Text Proposal for TR25.888

--------------------------------------------Start of Text Proposal------------------------------------------------

5. Study Areas
5.1 GSM measurement

In current Rel-4 specification, some idle time slots without traffic in 1.28 Mcps TDD can be used to monitor GSM system. . However, in the conventional scenarios that traffic channel allocation is decided by RNC, it can be occurred that the measurement window may be very short which may cause relatively long synchronisation time and result in the increase of terminal power consumption or a call drop in case that UE is located at handover region. In addition, in the case of low cost single synthesizer UE (0.8 ms frequency switching time is assumed for such kind of UE), synchronisation may fail in some cases because of short length of measurement window.

Therefore, we propose channel re-assigning scheme to get a longer measurement window in order to solve the addressed problems in conventional scheme.
5.2 FDD measurement
5.3 3.84Mcps TDD measurement
5.4 1.28Mcps TDD measurement
6. Proposed methods
6.1 Channel reassigning method

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

6.1.2.1 Proposed channel re-assign scheme for monitoring GSM
The channel re-assigning method is introduced to achieve more consecutive time slots to do inter-system measurement before the starting time of monitoring GSM. 

It is assumed that channel re-assigning procedure in every subframe is the same. For low data rate traffic with only 1 uplink channel and 1 downlink channel, a channel re-assigning method doing like this: uplink traffic channel for UE re-assigns to the uplink timeslot just before the second switching point, and downlink traffic channel for UE re-assigns 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 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. In Fig. 3, yellow colored time slots means a traffic channel after channel re-assigning, and green colored timeslots means the measurement period for monitoring GSM. It is observed that the sum of 5 time slots and DwPTS+GP+UpPTS can be used for monitoring GSM.
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 Figure 1. Measurement time by using proposed channel re-assigning scheme during inter-system measurement
6.1.2.2 Simulation assumption

- 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.
- Measurement failure criterion is according to the requirement in TS25.123. Tidentify abort =  [5000] ms.
6.1.2.3 Simulation results

The simulation results for synchronisation time in all the cases described in this contribution are summarized in Table 8. The simulation results show a great benefit of using channel re-assigning scheme during inter-system measurement in 1.28Mcps TDD.
The detailed implementation or configuration of signaling support needs further consideration.

	
	0.5ms switching time
	0.8ms switching time

	
	Proposed scheme
	Conventional scheme
	Proposed scheme
	Conventional scheme

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

	Average synchronisation time for monitoring only FCCH  (ms)
	75.6
	167.2
	95.1
	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
	FCCH burst can never be acquired


Table 1. Comparison of simulation results by using our proposed scheme and conventional one with 2 traffic timeslots per subframe and with 0.5ms and 0.8ms switching time under symmetric frame structure
6.1.2.4 Conclusion

Channel re-assigning scheme for improvement of inter-system handover measurement is introduced in order to increase the measurement window size for monitoring GSM and avoid the measurement failure in the case of using the low cost terminal compared with conventional scheme. The simulation results show a great benefit of using channel re-assigning scheme during inter-system measurement in 1.28Mcps TDD.
The detailed implementation or configuration of signaling support needs further consideration.
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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