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1 Introduction

In RAN4 #59AH meeting, the UTRA TDD enhanced core requirement is initially discussed in [1]-[4]. In this contribution, we analyze and simulate the performance of the enhanced cell search time for UTRA TDD based on the agreed way forward in RAN4 #59AH. Finally, we propose both the side condition and the enhanced cell search time for UTRA TDD.
2 Discussion on CSFB in TDD
Based on the agreed way forward of TDD CSFB simulation assumptions in [4], in this section, the cell search time performance for CSFB in both single cell and multi-cell scenario are simulated. For an E-UTRAN UE, it shall be search the UTRA TDD through the configured measurement gap. In this contribution, we simulate the pure cell search time based on [4], and derive the side condition and the required cell search time through the simulation results. 
2.1 Simulation Results for single cell
Firstly, we investigate the performances in single cell. All the simulation parameters are similar with [4] except for the concerned cell number. The SNR of the single cell is varying from 0dB to 9dB. Note that the number of transmit antenna is 1, and the AWGN, PA3, PB3, VA30 are evaluated through the simulations. 

The CDF performances of the enhanced cell search time under the different channels are shown in Figure2 1-4, respectively. And for each CDF curve, we choose the 90% percentile point as the actual required cell search time for UTRA TDD system, and the performances of the enhanced cell search are shown in Figure 5. 

[image: image37.emf]-4 -3 -2 -1 0 1 2 3 4 5 6 7

0

50

100

150

200

250

300

350

400

450

500

Three Cell: Cell Search Performance

Target Cell SINR(dB)

90% Time Required for Cell Search (ms)

 

 

AWGN

PA3

PB3

VA30


Figure 1.  The CDF performance of enhanced cell search time under AWGN in single cell
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Figure 2.  The CDF performance of enhanced cell search time under PA3 in single cell
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Figure 3.  The CDF performance of enhanced cell search time under PB3 in single cell
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Figure 4.  The CDF performance of enhanced cell search time under VA30 in single cell
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Figure 5.  The enhanced cell search time performance under different channels in single cell
Based on Figures 1-5, we can obtain the following observations:
· Observation 1: The required cell search time performances under AWGN and VA30 achieve the best performance compared with the other fading channels in single cell scenario when serving SNR is larger or equal to 0dB. When the SNR of the serving cell is 0dB, the required cell search time performance is 65ms under AWGN or VA30.
· Observation 2: For the fading channels, when the SNR of the serving cell is 0dB, the required cell search time performance is 70ms under PA3, while the required cell search time performance is 80ms under PB3. 
· Observation 3: When the SNR of the serving cell is larger than or equal to 3dB, the required cell search time can be achieved by 60ms under all the channel cases in single cell scenario.
The simulation results for the enhanced cell search time of UTRA TDD in the single cell can be referred as the benchmark to compare the performances under multi-cell scenario. 
2.2 Simulation Results for Multi-cell Scenario
In this section, we investigate the performances in multi-cell scenario. There are totally three cells in the system. The SNR of the target cell is varying from 0dB to 9dB. And the SNR of both two interference cells is -3dB. Similar with the performance evaluation in single cell, the AWGN, PA3, PB3, VA30 are evaluated. 

The CDF performances of the enhanced cell search time under the different channels in multi-cell scenario are shown in Figures 6-9, respectively. And the required cell search time for UTRA TDD system can be illustrated in Figure 10. 


[image: image6]
Figure 6.  The CDF performance of enhanced cell search time under AWGN in multi-cell scenario
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Figure 7.  The CDF performance of enhanced cell search time under PA3 in multi-cell scenario
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Figure 8.  The CDF performance of enhanced cell search time under PB3 in multi-cell scenario
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Figure 9.  The CDF performance of enhanced cell search time under VA30 in multi-cell scenario
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Figure 10.  The enhanced cell search time performance under different channels in single cell
Based on Figures 6-10, we can obtain the following observations:
· Observation 4: The required cell search time performances under AWGN and PA3 achieve the best performance compared with the other fading channels in multi-cell scenario when serving SINR is larger or equal to -3dB. When the SINR of the serving cell is -3dB, the required cell search time performance is approximate 60ms under AWGN or PA3 channels.

· Observation 5: For the VA30 and PB3 fading channels, when the SNR of the serving cell is larger or equal to -3dB, the required cell search time performance is within 400ms under this “worst case”. With the increased SINR, the final cell search time performances can be approaching to 60ms. 

Through the simulations results for the enhanced cell search time of UTRA TDD in the single cell and multi-cell scenario, the cell search time is obviously enhanced due to the increased Ec/Io value for DwPCH compared with the basic UTRA TDD identification time under common side condition. Based on these results, the following sections will give the analysis and derivation for the side condition and required cell search time for enhanced UTRA TDD system.

2.3 Side Condition of enhanced cell search for UTRA TDD
The current UTRA TDD cell search requirements are specified for
-
P-CCPCH Ec/Io > -8 dB,
-
DwPCH_Ec/Io > -5 dB.
However in CSFB scenario, the UE connected to E-UTRA shall be requested to perform handover to a target UTRA TDD cell, which is typically at a relatively higher P-CCPCH Ec/Io and DwPCH Ec/Io. 
According to agreed WF in [4], the typical DwPCH Ec/Ior value is 0dB, and typical which illustrates the good quality of the radio link. Based on [5], the relation between the Ec/Io and Ec/Ior is
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Based on [6], the typical C/I is larger than 3dB in actual UTRA TDD network. Assume SNR of the serving cell is 6dB, and the SNR of two interfering cells is -3dB, thus, the SIR can be obtained by 3dB, note that here the “I” including the interference and the noise at the receiver, thus, 
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Therefore, 
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Then, we can obtain the CDF performances of DwPCH and P-CCPCH Ec/Io for UTRA TDD system as shown in Figure 11.
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Figure 11.  The CDF performances for DwPCH and P-CCPCH in UTRA TDD system

According to Figure 11, the CDF probability of DwPCH Ec/Io
[image: image17.wmf]³

-2dB is exceed 70% in UTRA TDD system, while the SINR of the serving cell is 3dB, and the required cell search time is decreased obviously, i.e., about within 80ms for most cases (refer Figure 5 and Figure 10) compared with that of common UTRA TDD cell search scenario, i.e., 800ms when DwPCH_Ec/Io > -5 dB. For typical parameter configurations, the P-CCPCH Ec/Io is 3dB lower than that of DwPCH, thus, the side condition for P-CCPCH Ec/Io can be set as P-CCPCH Ec/Io > -5 dB.
Therefore, the side condition for the enhanced cell search of UTRA TDD can be set as 
-
P-CCPCH Ec/Io > -5 dB,
-
DwPCH_Ec/Io > -2 dB.
Proposal 1: The side condition for the enhanced CSFB in UTRA TDD shall be 

-
P-CCPCH Ec/Io > -5 dB,
-
DwPCH_Ec/Io > -2 dB.
2.4 Basic Enhanced cell search time for UTRA TDD
According to the simulation results in Figures 1-10 in section 2.1 and 2.2, we can summarize the simulation results as the following tables:
Table 1: The required basic enhanced cell search time for UTRA TDD in single cell
	Channel Model
	Verification Point
	The Pure Enhanced Cell Search Time in Single Cell Scenario (ms)

	
	
	SNR=0dB
	SNR=3dB
	SNR=6dB
	SNR=9dB

	AWGN
	90% search time
	65
	60
	60
	60

	PA3
	90% search time
	70
	60
	60
	60

	PB3
	90% search time
	80
	60
	60
	60

	VA30
	90% search time
	65
	60
	60
	60


Table 2: The required basic enhanced cell search time for UTRA TDD in multi-cell scenario
	Channel Model
	Verification Point
	The Pure Enhanced Cell Search Time in Multi-Cell Scenario (ms)

	
	
	SINR=-3dB
	SINR=0dB
	SINR=3dB
	SINR=6dB

	AWGN
	90% search time
	70
	60
	60
	60

	PA3
	90% search time
	60
	60
	60
	60

	PB3
	90% search time
	385
	200
	100
	60

	VA30
	90% search time
	285
	100
	60
	60


As shown in Table 1 and Table 2, for the single cell scenario, the most of the enhanced cell search can be finished by 60ms, and all of the enhanced cell search can be completed within 80ms for the 90% probability under different channels. For the multi-cell scenario, when the channel condition is relative simple, e.g., AWGN or PA3 channels, the enhanced cell search time can be finished within 70ms. For the other PB3 and VA30 channels, the system is quite possible to suffer the channel attenuation because of the single antenna configuration, thus, it costs relative too much time to identify the SYNC_DL code in DwPCH and midamble code in TS #0 correctly when the SINR is equal to -3dB. 
For the typical scenario in UTRA TDD system, the SINR=3dB for the control channels is in high probability. According to Table 2, the required cell search time for AWGN, PA3, and VA30 is 60ms, while the required cell search time is 100ms due to the different characteristics of these fading channels. Therefore, based on the simulation results and above analysis, it is suitable and reasonable to set the required basic enhanced cell search time for UTRA TDD as [80]ms for the averaging the required cell search performances. 
Therefore, the core requirement for the enhanced cell search for UTRA TDD cell can be defined as


[image: image18.wmf]Freq

N

×

×

inter1

UTRA_TDD

identify

basic

T

480

T

, where 
[image: image19.wmf]=

UTRA_TDD

identify

basic

T

[80]ms
Proposal 2: The basic enhanced cell search time for UTRA TDD shall be set as [80]ms.
2.5 Enhanced cell search time without transmit gap
If the UE does not require transmit gap to perform the inter-RAT UTRA TDD measurements, the UE shall be able to identify a new detectable UTRA TDD cell by a relative shorter time compared with the performance with transmit gap. Currently for the common side condition, the core requirement for UTRA TDD is
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From our understanding, the basic identification time for UTRA TDD is 800ms without transmit gap, and the typical scenario for UTRA TDD system is with 
[image: image21.wmf]Freq
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=6 for control channels. Therefore, the total required time is set as 5000ms to taking some implementation margin into account. 
Similarly, for the enhanced cell search time without transmit gap, based on the proposal 2, the 
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[80]ms. Taking one TTI (20ms, four successive 5ms to obtain the phases) as the implementation margin, the identification time for one UTRA TDD frequency can be considered as 100ms. The main reason for implementation margin is based on the set for times to match the S1/S2 phase for the multi-frame synchronization in UTRA TDD system. Therefore, considering the typical 
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=6, the enhanced cell search time for the UE, which is capable to perform UTRA TDD measurements without transmit gap, shall be set as [6*100] ms taking some implementation margin into account.
Proposal 3: The enhanced cell search time for the UE, which is capable to perform UTRA TDD measurements without transmit gap, shall be set as [600]ms taking some implementation margin into account.
3 Conclusion
In this contribution, we analyze and simulate the performance of the enhanced cell search time for UTRA TDD, and some important proposals are obtained as follows:

Proposal 1: The side condition for the enhanced CSFB in UTRA TDD shall be 

-
P-CCPCH Ec/Io > -5 dB,
-
DwPCH_Ec/Io > -2 dB.
Proposal 2: The basic enhanced cell search time for UTRA TDD shall be set as [80]ms.
Proposal 3: The enhanced cell search time for the UE, which is capable to perform UTRA TDD measurements without transmit gap, shall be set as [600]ms taking some implementation margin into account.
Based on these three proposals, a text proposal is given in section 5, and the related CRs for Rel-9 and Rel-10 are proposed in R4-114508 and R4-114509. 
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5 Text Proposal
8.1.2.4.3
E-UTRAN TDD – UTRAN TDD measurements

8.1.2.4.3.1
E-UTRAN TDD – UTRAN TDD measurements when no DRX is used
8.1.2.4.3.1.1
Identification of a new UTRA TDD cell

When explicit neighbour list is provided and no DRX is used the UE shall be able to identify a new detectable cell belonging to the monitored set within
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If the UE does not require transmit gap to perform inter-RAT UTRA TDD measurements, the UE shall be able to identify a new detectable inter-RAT UTRA TDD cell belonging to the monitored set within 5000 ms.

A cell shall be considered detectable when
-
P-CCPCH Ec/Io > -8 dB,
-
DwPCH_Ec/Io > -5 dB.
When L3 filtering is used an additional delay can be expected.
8.1.2.4.3.1.1a
Enhanced UTRA TDD cell identification requirements
When explicit neighbour list is provided and no DRX is used the UE shall be able to identify a new detectable cell belonging to the monitored set within 
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If the UE does not require transmit gap to perform inter-RAT UTRA TDD measurements, the UE shall be able to identify a new detectable inter-RAT UTRA TDD cell belonging to the monitored set within [600] ms.

A cell shall be considered detectable when
-
P-CCPCH Ec/Io > -5 dB,
-
DwPCH_Ec/Io > -2 dB.
When L3 filtering is used an additional delay can be expected.
8.1.2.4.3.1.2
UE UTRA TDD P-CCPCH RSCP measurement capability
When measurement gaps are scheduled for UTRA TDD inter RAT measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in Section 9.3 with measurement period given by
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If the UE does not need measurement gaps to perform UTRA TDD measurements, the measurement period for UTRA TDD measurements is 480 ms.

The UE shall be capable of performing UTRA TDD P-CCPCH RSCP measurements for Xbasic measurementUTRA_TDD inter-frequency cells per TDD frequency of the monitored set, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of TMeasurement_ UTRA_TDD.

Xbasic measurementUTRA_TDD = 6

TMeasurement_Period UTRA_TDD = 480 ms is the period used for calculating the measurement period Tmeasurement_UTRA_TDD for UTRA TDD P-CCPCH RSCP measurements.


Tbasic_identify_UTRA_TDD = 800 ms is the time period used in the inter RAT equation in section 8.1.2.4.3.1.1 where the maximum allowed time for the UE to identify a new UTRA TDD cell is defined.
Tbasic_identify_enhanced_UTRA_TDD = [80] ms is the time period used in the inter RAT equation in section 8.1.2.4.3.1.1a where the maximum allowed time for the UE to identify a new UTRA TDD cell is defined.

Tbasic_measurement_UTRA_TDD = 50 ms is the time period used in the equation for defining the measurement period for inter RAT P-CCPCH RSCP measurements.

Nfreq is defined in section 8.1.2.1.1 and Tinter1 is defined in section 8.1.2.1

8.1.2.4.3.1.3
Periodic Reporting

Reported measurements in periodically triggered measurement reports shall meet the requirements in section 9.

8.1.2.4.3.1.4
Event Triggered Reporting

Reported measurements in event triggered measurement reports shall meet the requirements in section 9.

The UE shall not send any event triggered measurement reports, as long as the reporting criteria is not fulfilled.

The measurement reporting delay is defined as the time between any event that will trigger a measurement report until the UE starts to transmit the measurement report over the Uu interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is twice the TTI of the uplink DCCH. This measurement reporting delay excludes a delay which caused by no UL resources for UE to send the measurement report.
The event triggered measurement reporting delay, measured without L3 filtering shall be less than Tidentify, UTRA_TDD defined in Section 8.1.2.4.3.1.1 for the minimum requirements or Tidentify, enhanced_UTRA_TDD defined in Section 8.1.2.4.3.1.1a for the enhanced requirements. When L3 filtering is used an additional delay can be expected.

8.1.2.4.3.1.5
Event-triggered Periodic Reporting
Reported measurements contained in event triggered periodic measurement reports shall meet the requirements in section 9.

The first report in event triggered periodic measurement reporting shall meet the requirements specified in section 8.1.2.4.3.1.4 Event Triggered Reporting.
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