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Introduction

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.

This document clarifies the problem with some simulation results and also proposes several possible solutions to resolve the problem with some concerns for each solution.

Conventional scheme for monitoring GSM 

Single 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 synchronization and BSIC verification 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 may use 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 location of timeslot 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.
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
(TS2:UL, TS6: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 

(TS2:UL, TS5:DL /

TS3:UL, TS6: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)


The simulation results in Table 1 and Table 2 show that it may be impossible for NB-TDD UE to synchronize GSM FCCH and SCH (e.g. NB-TDD UE may fail to verify BSIC) depending on the UL/DL time slots and frequency switching time. Which means that NB-TDD UE may fail to do measurement if UTRAN issues MEASUREMENT CONTROL message with event triggered and BSIC verified GSM measurement even though NB-TDD UE can do measurement if the UL/DL time slots are modified.

Therefore, some systematic solution to prevent the failure of measurement should be needed. 

Possible solution

This section summarizes the possible solutions to resolve the failure of GSM measurement due to the shortage of measurement window length. The followings are possible solutions;

(1) To put a restriction on allocating the UL/DL time slots

(2) To modify UL/DL time slots when RNC issues MEASUREMENT CONTROL message

(3) To put a restriction on measurement report mode for MEASUREMNT CONTROL message

(4) To define a new failure cause for MEASUREMENT CONTROL FAILURE message

(5) To define a new IE, which shows frequency switching time, for UE CAPABILITY INFORMATION message

(6) To modify even triggered measurement reporting when UE fails to verify BSIC

The first solution is to prevent from assigning time slot combinations given in Table 1 and Table 2. This solution has severe problem such as RNC shall not assign time slot combinations, given in Table 1 and Table 2 (e.g. 1/5, 2/6, 1/4, 2/5, 3/6), at all because it doesn’t aware of UE’s frequency switching time. This problem restricts flexibility of channel allocation seriously.

The second solution is to modify the UL/DL time slot prior to issue MEASUREMENT CONTROL message if the pre-assigned UL/DL time slot is one of the time slot combination given in Table 1 and Table 2. This solution causes a redundancy such as RNC shall re-assign the time slot for all UEs whenever pre-assigned time slot combination corresponds to one of time slot combination given in Table 1 and Table 2 because RNC doesn’t know the frequency switching time for the UE.

In case of the third solution, UTRAN shall issue MEASUREMENT CONTROL message with periodic reporting and BSIC verified mode prior to issue the message with event triggered and BSIC verified mode if the allocated time slots is one of the time slot combinations given in Table 1 and Table 2. Even though UE can’t synchronize with FCCH and SCH, it can report the measured value with ARFCN if the MEASUREMENT CONTROL message is issued with periodic reporting and BSIC verified. Which means that UTRAN can figure out that measurement window length is not enough for UE to verify the BSIC and it can modify UL/DL time slot prior to issue the MEASUREMENT CONTROL message with event triggered and BSIC verified mode. This solution may cause delay to determine whether the time slot re-allocation is required or not. And moreover this solution also may cause UL interference because all the UEs with time slot combinations given in Table 1 and Table 2 should transmit MEASUREMENT REPORT message periodically.

The fourth solution is to define a new failure cause, which means that UE can’t synchronize with FCCH and SCH due to short of measurement window size. If UTRAN receives MEASUREMENT CONTROL FAILURE with the failure cause, UTRAN shall issue reconfiguration message such as PHYSICAL CHANNEL RECONFIGURATION, TRANSPORT CHANNEL RECONFIGURATION etc. to enlarge the measurement window length. This solution also may require a little time to determine whether time slot re-allocation is required or not

In case of the fifth solution, UE sends UE CAPABILITY INFORMATION with the new IE, which shows frequency switching time. Considering the allocated time slot and the received frequency switching time, UTRAN can determine whether the reconfiguration message such as PHYSICAL CHANNEL RECONFIGURATION should be issued before MEASUREMENT CONTROL message.

The last solution is to make it possible for NB-TDD UE to perform event evaluation for event triggered reporting even though it fails to verify BSIC. Non-verified BSIC shall be indicated in the measurement report. Then UTRAN can whether the reconfiguration procedure is required or not. This solution also causes delay to determine whether time slot re-allocation is required or not. Moreover, this solution also has impact on conventional definition of even-triggered mode evaluation.

Conclusion

This contribution clarifies that it is impossible for NB-TDD UE to synchronize GSM FCCH and SCH depending the UL/DL time slot and the length of frequency switching time. Also the possible solutions to resolve the problem are summarized with our own concerns for each solution.

Samsung and CATT propose that we discuss the feasibility of the given possible solutions. Considering the discussion result, Samsung and CATT will prepare the corresponding CR for the next RAN2 meeting if needed.
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