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1 Introduction

At RAN2 #76 meeting, the issue of cell identification time on measurements for intra-frequency handover was discussed in [1], and some preliminary simulation results were presented in [2]. In this contribution, we further evaluate the impacts of cell identification delay in non-DRX mode for intra-frequency handover in Heterogeneous Network (HetNet) where the Time-Domain Inter-Cell Interference Coordination (TD-ICIC) is deployed.
2 Discussion
It is mentioned in [3] that a cell shall be detectable under certain signal strength and SINR conditions. Once a cell becomes detectable (i.e. T0 in Fig. 1), the UE shall be able to measure the cell and then compare the results with predefined measurement report criterion, e.g. the A3 condition. In Fig. 1, the T1 represents the point that cell identification is completed by UE, namely the cell detection is completed with one additional measurement result of the neighbor cell is provide to higher layer. The performance requirement on intra-frequency cell identification delay (i.e. T1 subtracting T0) in non DRX mode is 800 ms or 1000 ms, depending on whether TD-ICIC is applied as defined in [3]. Once the condition triggering A3 is met (i.e. T2 in Fig. 1), the Time-To-Trigger (TTT) timer is started, and the measurement report is sent to network upon TTT expiry (i.e. T3 in Fig. 1). If the time interval between time point that the cell becomes detectable to the time point that the actual signal strength of the cell satisfies criterion triggering A3 (i.e. T2 subtracting T0), is shorter than the required intra-frequency identification time (i.e. T1 subtracting T0), it can be observed that the UE would be deferred from entering the A3 condition and consequently cause delays in measurement reporting.

[image: image1]
Fig. 1: Cell identification delay model without CRE.

In [2], it is concluded that A3 events are not delayed regarding the cell identification procedure in macro-to-pico handovers. However, this conclusion is not so convincing as it was made upon the hotspot model, where the Cell Range Expansion (CRE) and Almost Blank Subframe (ABS) techniques are not employed. In fact, the A3 event may be significantly delayed due to the employment of CRE, which will be discussed in the sequel.
Employing CRE in HetNet will enlarge the coverage of pico cell. From the perspective of macro-to-pico handover (i.e. inbound handover), it means that the macro UE will be handed into pico cell earlier, namely at the extended coverage border of pico cell, where the downlink radio signal strength of macro cell is still much higher than that of the pico cell, as illustrated in Fig. 2. Obviously, it means that the UE needs to discover the intra-frequency pico cell earlier. Otherwise, the larger CRE bias in essence would not function as expected. Consequently, the gain of employing CRE [4] may be significantly reduced.
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Fig. 2: Cell identification delay model with CRE.

In the next section, we will evaluate the impact of cell identification time on measurements for intra-frequency handover in the HetNet scenarios where CRE and ABS are employed.
3 Performance evaluation
3.1 Simulation modeling
The simulation model we used to evaluate the performance impact of CRE in [4] was also employed in this simulation, i.e. large area simulation with random placements of pico cells and UEs according to Conf. 1 of 3GPP TR 36.814 [5]. The pico cells were deployed within the macro cell coverage. The HetNet deployment scenarios of two pico nodes per macro cell, which are the baseline scenarios according to TR 36.814 [5], were evaluated. The realistic error modeling in [4] was also assumed. Detailed simulation parameters can be found in [5][6].
A medium CRE bias value of 6 dB and a static ABS configuration assuming the same ABS pattern is applied to all the macro cells were used in the simulations. The ABS pattern was designed to meet the requirements of RAN4, i.e. at least containing one ABS per radio frame for performing the intra-frequency measurements [3].No cell-specific reference signal interference cancellation (CRS IC) technique is employed at the UE. Furthermore, the simulation model similar to that proposed in [2] was adopted. Detailed cell detection criteria can be found in Appendix A.
3.2 Simulation results
The evaluation was done under the assumption of a UE velocity of 30 kmph, which we believe is the trickiest case. Although the UE at a velocity of 120 kmph may be problematic in detecting the pico cell, offloading such high mobility UEs to pico cell anyway may not be attractive at all due to the very short stay in the pico cell. The configuration parameter set 2 same as [2] were adopted in the evaluation. Fig. 3 and Fig. 4 show the simulation results of CDF of the cell identification delay, i.e. the time interval from the point of cell detected (T0) to the point of meeting A3 condition (T2), with and without CRE being employed. The “pico” and “macro” curves represent the cell identification delay (i.e. T2 subtracting T0) for detecting pico and macro cell, respectively, while the “all” curve represents the identification delay for all the cells.
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Fig. 3: Cell identification delay of HetNet without CRE employed.
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Fig. 4: Cell identification delay of HetNet with CRE employed.

As seen in Fig. 3, in the HetNet deployment without applying CRE and ABS, less than 10% of the A3 events are delayed due to the cell identification procedure (namely T2 – T0 < 800 ms), regardless of macro cell or pico cell discovery. It meets the requirement of TS 36.133 [3], which says, “The rate of correct events observed during repeated tests shall be at least 90%”.

However, as can be observed in Fig. 4, after applying CRE, more than 50% of the A3 events for pico cell are delayed due to the problematic cell identification delay, when UE is handed over into pico cell. This result aligns with our discussions in Section 2. More specifically, the time interval between T0 and T2 in Fig. 2 for cell discovery is significantly reduced, which in turn requires the UE to identify the pico cell much earlier than the case where no CRE is applied.
On the other hand, the probability of A3 events delayed due to identification procedure of macro cell is further reduced after applying CRE. This is obvious, because the pico-to-macro handover is deferred due to the coverage expansion of pico cell, in comparison to the scenario without CRE. As a result, the time interval between T0 and T2 in Fig. 1 becomes longer than the case without CRE. However, in either case the requirement of TS 36.133 [3] is satisfied for macro cell detection.

Observation 1: When the CRE is employed in HetNet, more A3 events for pico cells are delayed due to the cell identification procedure, in comparison to the case where no CRE is applied.

Proposal 1: It is proposed to capture the evaluation results in TR 36.839 for further investigation on small cell identification.
From the above analysis, we conclude that the medium or large CRE bias values may become less effective due to the long cell identification delay. Thus, the gain from employing CRE [4] will be significantly reduced.

Proposal 2: Enhancement should be considered to assist the UE in pico cell identification when CRE is employed.
4 Conclusion

In this contribution, we evaluated the mobility performance in HetNet deployment scenarios where CRE and ABS mechanism are applied, and have the following observations:
Observation 1: When the CRE is employed in HetNet, more A3 events for pico cells are delayed due to the cell identification procedure, in comparison to the case where no CRE is applied.
Based on the above observations, we propose that:
Proposal 1: It is proposed to capture the evaluation results in TR 36.839 for further investigation on small cell identification.
Proposal 2: Enhancement should be considered to assist the UE in pico cell identification when CRE is employed.
5 References

[1] R2-11xxxx, “RAN2 #76 Chairman notes”, Nov. 2011.
[2] R2-115917, “Cell Identification Delay Simulation in HetNet”, Huawai, Nov. 2011.
[3] 3GPP TS 36.133 V11.0.0, “Requirements for support of radio resource management”, Mar. 2012.
[4] R2-121185, “Performance evaluation for mobility in HetNet with TD-ICIC”, New Postcom, Mar. 2012.
[5] 3GPP TR 36.814 V9.0.0, “Further advancements for E-UTRA physical layer aspects”, Mar. 2010.
[6] 3GPP TR 36.839 V0.5.0, “Mobility Enhancements in Heterogeneous Networks”, Feb. 2012.
Appendix: Conditions of intra-frequency measurement
The conditions of intra-frequency measurement on non-DRM mode from [3] used in our simulations are provided below.
Table 1: E-UTRAN intra-frequency measurements.
	Parameter
	Conditions

	
	Bands 
	Bands 
	Bands 


	Bands 


	Bands

	
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	9, 41, 42, 43
	2, 5, 7
	3, 8, 12, 13, 14, 17, 20, 22
	25

	SCH_RP|dBm(
	-127 dBm


	-126 dBm


	-125 dBm


	-124 dBm


	-123.5dBm

	SCH  Ês/Iot >
	- 6 dB


Table 2: E-UTRAN intra-frequency measurements under time domain measurement resource restriction.
	Parameter
	Conditions

	
	Bands 
	Bands 
	Bands 


	Bands 


	Bands

	
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	9, 41, 42, 43
	2, 5, 7
	3, 8, 12, 13, 14, 17, 20, 22
	25

	SCH_RP|dBm(
	-127 dBm


	-126 dBm


	-125 dBm


	-124 dBm


	-123.5dBm

	SCH  Ês/Iot (
	- 7.5 dB
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