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1. Introduction

Rel 6 SI: improvement of IF/IS measurement for LCRTDD, has been discussed for a long time in RAN1 meetings. In the last RAN1 meeting, problem identification issue was requested again and no exact agreement was achieved. Here we would like to clarify our understanding in this point. Still in mind this SI focus could be improvement for reducing synchronisation time and increasing the probability of successful synchronisation instead of problems finding and relevant trouble-shooting. From this point of view, it is needed to summarize the "Scenarios for improvement" in the next section for the reason that these scenarios need to be handled by some special operation. 

Until now, asymmetric pattern and pattern combination scheme are investigated for handling such scenarios and have the benefit of reducing synchronization time and increasing probability of successful synchronisation. However, it is not so easy to trade off between the performance improvement and its impact on power control, UL synchronisation and signaling etc. In this sense, it is no need for further more elaboration on these above two schemes. However, it is reasonable and helpful to introduce certain kind of simple and direct method for foregoing inter-RAT scenarios where it is clear some special operation is needed. Consequently, "A RNC based implementation method", or called certain RRM algorithm as depicted in section 3, is proposed to handle them. This kind of implementation method keeps the benefit of increasing probability of successful synchronization as well as without change of the current specification. 

As conclusion part of this contribution, it is suggested to update TR 25.888 based on agreement during this meeting and report the completion of WG1 R6 SI: “Improvement of IF/IS measurement for 1.28Mcps TDD” at the next RAN plenary #21 meeting. Note, chapters 2, 3, and 4.1 are directly written in the format of text proposals into TR 25.888. 

2. Scenarios for improvement during inter-frequency and inter-system measurement originated from 1.28Mcps TDD 

At the start of the inter-frequency and inter-system measurement process for the handover preparation, the LCR TDD UE shall find synchronization to the cell to measure using the synchronization channel during its idle timeslots. For a TDD cell to monitor after this procedure the exact timing of the midamble of the P-CCPCH is known and the measurements of P-CCPCH RSCP, pathloss, etc. can be performed. Still there is room for improvements in the following 4 scenarios. 

Scenario 1: GSM measurement with low cost terminal 

In TS25.225, the formula to calculate the minimum idle time to detect a complete FCCH burst for all possible alignments between the GSM and the 1.28Mcps TDD frame structure (called ‘guaranteed FCCH detection’), assuming that monitoring happens every sub-frame, is given as following (tFCCH = one GSM slot):
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In all kinds of traffic timeslots allocation, the minimum of longest consecutive idle timeslots for one kind of allocation is 3 consecutive timeslots. For example, TS1 for UL traffic and TS5 for DL traffic. Then 
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Corresponding synthesizer switching time 
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can be calculated to be 0.6ms. That means successful synchronisation with target GSM cell can’t be guaranteed if synthesizer switching time is higher than 0.6ms in some kind of traffic timeslots allocation. In this scenario, particular improved procedure is needed to avoid the synchronisation failure. 
Scenario 2: measurement of coordinated inter-frequency 1.28Mcps TDD cells

For coordinated inter-frequency cells, target DwPTS is timing aligned with DwPTS in the serving cell. When taking synthesizer switching time into account, UE will not capture target DwPTS or P-CCPCH in its idle timeslots if its traffic timeslots are allocated as TS0 or TS6 for DL and TS1 for UL, until timeslots allocation is changed to the proper position. Figure 1 gives an example of target DwPTS overlapping with UE traffic channel. 
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Figure1 Scenario 2 for improvement during 1.28Mcps TDD measurement for coordinated inter-frequency cells

Scenario 3: measurement of uncoordinated inter-frequency 1.28Mcps TDD cells

For uncoordinated inter-frequency cells with unknown timing alignment, if target DwPTS or P-CCPCH is overlapping with UE traffic timeslot including synthesizer switching time, UE will not capture target DwPTS or P-CCPCH in its idle timeslots until timeslots allocation is changed to the proper position. Figure 2 gives an example of target DwPTS overlapping with UE traffic channel. 
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Figure2 Scenario 3 for improvement during 1.28Mcps TDD measurement for uncoordinated inter-frequency cells 

Scenario 4: 3.84Mcps TDD measurement 

With unknown timing alignment between 3.84Mcps TDD target cell and 1.28Mcps TDD serving cell and the flexible position of SCH in 3.84Mcps TDD frame, if target SCH or P-CCPCH is overlapping with UE traffic timeslot including synthesizer switching time, UE will not capture target SCH or P-CCPCH in its idle timeslots until timeslots allocation is changed to the proper position. Figure 3 gives an example of target SCH overlapping with UE traffic channel. 
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Figure 3. Scenario 4 for improvement during 3.84Mcps TDD measurement

If DTX and DCA are taken into account during inter-frequency and inter-system measurement, followings should be considered: 

· DTX: 

Consideration of DCCH transmission with bearing higher layer signaling and the transmission of background noise when no voice, DTX probability can not reach as high as voice activation factor 40%~50%. 

The appearance of UL or DL DTX can’t be guaranteed when inter-RAT measurement is requested. Once it exceeds the synchronization time requirement specified in RAN4, unsuccessful synchronization will be resulted in. 
UL and DL DTX usually appear individually. 

The statistical likelihood of synchronisation failure due to a lack of UL and DL DTX within the synchronisation window has not been investigated, but qualitatively speaking it is expected that a breach of the RAN4 prescribed synchronisation time will arise from that mechanism for some proportion of the time. 
· DCA:
DCA obeys the criterion to limit the interference and maximize the system capacity due to minimising reuse distance, which is different from the purpose of the improved IF/IS measurement to enlarge the measurement window or change the position of measurement window in synchronisation failure cases. So DCA may on one hand reallocate traffic timeslots from the bad position to the proper position for IF/IS measurement, and on the other hand, may also reallocate traffic timeslots from the proper position to the bad position, because DCA algorithm does not know where is the proper position for inter-RAT measurement user. 

Considering the frequency of DCA happens, if it is relatively slow, inter-RAT measurement user may not have the chance to change timeslot allocation before call is dropped. 

No data on the statistical likelihood of DCA leading to or hindering successful synchronisation is available, but qualitatively speaking this is likely to happen for a proportion of the time, probably for a greater proportion than DTX. 
3. RNC based implementation method 

Background: 

In cases as in section 2 during IF/IS measurement, synchronisation with target IF/IS cell fails for the reason of traffic timeslot overlapping with synchronisation channel of the target cell. Although the change of the overlapped traffic timeslot will make UE capture synchronisation channel, both RNC and UE do not know which traffic timeslot, UL or DL timeslot, is overlapping with synchronisation channel of the target cell, so where to reallocate traffic timeslot? Moreover, whether channel reallocation is needed or not once synchronisation with target cell fails? 
Main principle: 

RNC based implementation method is based on the two basic points above. Flow chart in Fig. 4 shows the procedure of RNC based implementation method with two steps added. 
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Figure 4. Procedure of RNC based implementation method 

First step, RNC based alarm during IF/IS measurement:
When RNC becomes aware that the P-CCPCH RSCP of the UE in the serving cell becomes weaker and weaker, the RNC monitors the reports arising from inter-RAT/frequency measurement attempts for each of the inter-RAT/frequency cell it is monitoring. From these measurement reports, the RNC makes an estimate of whether the UE is able to achieve synchronisation with each of the RAT/systems with its current timeslot allocations. For each RAT/system to which the UE can achieve synchronisation, an appropriate received signal strength report (P-CCPCH RSCP, GSM carrier RSSI) is examined to determine whether the alternative RAT/system is suitable for handover. In the case that there are no RATs/frequencies to which the UE can obtain synchronisation and that are suitable for handover, the RNC activates its alarm procedure and carries out channel re-allocation in order to allow the UE to achieve better synchronisation. 

Examples of means by which the RNC can determine whether a UE has achieved synchronisation or not include examination of no measurement results of P-CCPCH RSCP existing in the measurement report, looking for TDD P-CCPCH measurement failure (The UE must be able to read the DwPCH or SCH to locate the P-CCPCH for measurement) or inability to verify a GSM BSIC. 

Take an example as in Figure 5 for this RNC based alarm procedure. Six Inter-RAT/frequency neighboring cells, numbering cell 1, 2, 3, 4, 5, and 6, exist in the neighboring list for the UE to monitor. From the measurement reports, the RNC makes an estimate of whether the UE is able to achieve synchronisation with each of the 6 neighboring cells with its current timeslot allocations. In the case that RNC finds UE synchronizes with some of the neighboring cells (e.g. cell 1~4), and P-CCPCH RSCP or GSM carrier RSSI in these cells exceeds a RNC implementation related threshold, even if the other neighboring cells (e.g. cell 5~6) are failed to be synchronized, such synchronisation failure with cell (5, 6) can be accepted, because the first four neighboring cells can be as the candidates for UE to handover. Otherwise, in the case that RNC finds UE fails to synchronize with any of the 6 neighboring cell, synchronisation failure will become serious. RNC will activate its alarm procedure and perform channel reallocation. 
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Figure 5. An example of RNC based alarm during inter-frequency and inter-system measurement for 1.28Mcps TDD

The RNC based alarm will simplify the radio resource allocation by performing channel reallocation procedure only when necessary once synchronisation failure happens. 

Second step, RNC decides the position of traffic timeslots reallocation if alarm comes from RNC 

With the coming of alarm from RNC, RNC will decide the timeslot UE reallocates. Without the information that either current uplink or downlink timeslot is overlapping with the synchronisation channel of the target cell, RNC has to decide the traffic timeslot to reallocate according to the pre-defined rule in order to make the minimum number of times of channel reallocation can guarantee the successful synchronisation with the target cell. 

For GSM measurement with more than 0.6ms switching time of UE, RNC can simply decide to reallocate traffic timeslots with more than 4 consecutive idle timeslots if RNC alarms in the first step, such as (TS1 for UL, TS6 for DL), (TS2 for UL, TS4 for DL), and etc. 

For measurement of coordinated 1.28Mcps TDD cell, RNC can simply decide to reallocate DL traffic timeslot TS0/ TS6, and UL traffic timeslot TS1 to any other downlink and uplink timeslot if RNC alarms in the first step. 

For measurement of uncoordinated 1.28Mcps TDD cell, or 3.84Mcps TDD cell, with RNC alarming, similar scheme as pattern combination can be one choice as Fig. 6, which aims to change the position of the measurement windows in order to make all the measurement windows cover the whole frame duration. Pattern 1 (TS1 for UL, TS6 for DL) and Pattern 2 (TS3 for UL, TS4 for DL) in Fig. 6 can cover the whole frame duration within 0.3ms synthesizer switching time and can be scheduled by RNC with existed RRC signaling (Channel Reconfiguration) and NBAP signaling (RL Reconfiguration) in the current specification. If synchronisation succeeds with Pattern 1 (or Pattern 2), Pattern 2 (Pattern 1) will be no need to be scheduled. Otherwise, RNC based alarm will decide whether another channel reallocation procedure is needed or not. 

Compared with pattern combination scheme, patterns do not change very fast with frame by frame, but the synchronisation time will be much longer if synchronisation still fails after the first time of channel reallocation procedure, even if it may meet RAN4 requirement. 


[image: image9.wmf] 

Traffic channel in 1.28Mcps TDD

 

DwPTS+GP+UpPTS in 1.28Mcps TDD

 

Idle time slot in 1.28Mcps TDD

 

Frame # i+m 

 

Frame # i+m+1 

 

Frame # i+m+2 

 

Frame # i 

 

Frame # i+1 

 

Frame # i+2 

 


Figure 6. Example of channel reallocation method in the case of RNC alarming 
Here, only one choice of channel reallocation method is depicted, and other channel reallocation method is also permitted. 
4. Conclusion 

4.1 Conclusion of the study 

In this SI, three methods are discussed to improve the 4 listed scenarios during inter-frequency and inter-system measurement for 1.28Mcps TDD. Based on the analysis and discussion of the first two methods -- asymmetric pattern and pattern combination scheme, it is thought that both of them have impact on power control and UL synchronisation functions, although they can obtain improvement of reduced synchronisation time and increased synchronization probability. In order to compromise on the impact and performance improvement, the third method -- RNC based implementation method without modification on the current specification is recommended. 
In a conclusion, RNC based implementation method can improve IF/IS measurement for handling the 4 scenarios in section 2 with no change of the current specification and can be the best option for improvement.

4.2 Suggestion of completing this Rel 6 SI 

It is suggested to include chapter 2, 3, and 4.1 into TR 25.888, and update TR25.888 v1.1.0 with new version. Meanwhile, it is suggested to complete R6 SI: IF/IS measurement improvement for LCR TDD. 
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