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1 Introduction
This contribution focuses on the performance comparison of the PLMN (Public land mobile network) search in LTE w.r.t. previous cellular systems in particular focusing on UMTS.
The PLMN search is required in order to identify the wireless communication system to camp on.

Two possible scenarios can be considered:
1. When the UE is switched on, the UE looks for a PLMN to camp on (Last registered PLMN, HPLMN or eHPLMN, VPLMN)
2. When the UE camps on a PLMN which is not the highest priority PLMN, the UE looks for PLMNs with a higher priority periodically
The 1st scenario is considered since it is the most critical in terms of acquisition time requirements.

From the acquisition time performance point of view, the PLMN search requires a scan of the entire (worst case assumption) allocated band to a certain PLMN in order to acquire the central frequency used by the operator to transmit the data.

In case of UMTS this consists on scanning the entire UMTS allocated band with a frequency step equals to the channel raster to identify the UTRA Absolute Radio Frequency Channel Number (UARFCN) corresponding to the allocated band.
2 LTE UE PLMN scan strategy assumptions

Considering the following UE PLMN scan strategy assumptions in case of UMTS:

· Band 1 (IMT2000): 3GPP TS 25.101 Downlink UARFCN Range [10562,10838] i.e. Number of frequency to be scanned = 276, UMTS channel raster = 200Khz

· Power is constant over the entire bandwidth (CDMA assumption) allowing an RSSI based frequencies scan to identify PLMN used UARFCNs. For the RSSI measurement an averaging window <= 1 slot is considered, to easy the LTE comparison RSSI measurement window = 0.5ms

· Finer UARFCN scan over the best M frequencies is done with synchronization channels. Assume only one PLMN available on the bandwidth M = 10.

· Worst case assumption for UMTS network detection: SCH_Ec/Io=-20dB which corresponds to an Ior/Ioc=-7.25dB assuming SCH_Ec/Ior=-12dB

For comparing to UMTS, the PLMN scan strategy assumptions for the LTE are:

· Band 1 (IMT2000), same as UMTS, LTE Channel raster = 100KHz, Number of frequency to be scanned = 2x276 = 552

· An RSSI based rough frequencies scan is not possible due to following factors:

· LTE bandwidth is variable and not known a priori

· Power and interference varies over the LTE bandwidth depending on the load

· Minimum transmitted power (including only SCH/RS/PBCH) is very low. Assuming equal power on all OFDM symbols, the minimum power transmitted is:

· Best case: equal to 10% of total power, considering only the central 1.25MHz BW

· Worst case: equal to 5% of total power considering 20MHz BW allocation

· Assuming minimum RSSI measurement window = 0.5ms (to include at least the RS), the measurement is still timing dependent as function of the frame structure, in worst case minimum received power does not include the PBCH. Increasing the RSSI measurement window to 10ms to include the PBCH would be equivalent to the best case using the synchronization channels has shown in the following.

· Frequency scan over all frequencies is done with synchronization channels

· Worst case assumption for network detection as indicated in [1]: Ior/Ioc=-8.05dB including the interfering eNodeBs.

3 Performance comparison of PLMN scan for LTE and UMTS

Assuming for the UMTS as well as LTE that:

· RSSI measurement is averaged over 0.5ms (aligned UMTS and LTE)

· RF switching time: negligible

· Synchronization time out = N x Average synchronization time [sec], time required to acknowledge that no signal is present and then stop the multiple synchronization tentative, note that increasing N the probability of missed PLMN detection is reduced. 

· Average synchronization time is assumed:

· Best case – No noise: Average synchronization time = 10ms = Synchronization time out

· Worst case – ETU 5Hz: Average synchronization time = 130ms (see for example [2]), and assume as UMTS worst case assumption average synchronization time equals to LTE

· Band 1 scan assumption: scan all frequencies

As a consequence, in case of UMTS the average PLMN search time is equal to:

Total number of frequencies to be scanned * 0.5ms + Cell search time out * M

In case of LTE the average PLMN search time is equal to:

Total number of frequencies to be scanned * Cell search time out
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Figure 1: PLMN search – Band 1 scan average time

	N
	UMTS best case
	LTE best case
	UMTS worst case
	LTE worst case

	1
	0.238
	5.52
	1.438
	71.76

	2
	0.238
	5.52
	2.738
	143.52

	3
	0.238
	5.52
	4.038
	215.28

	4
	0.238
	5.52
	5.338
	287.04

	5
	0.238
	5.52
	6.638
	358.8


Table 1: PLMN search – Band 1 scan average time

4 Conclusion and discussion

In this contribution, we presented some considerations about the LTE PLMN band scan strategy and the possible implications on the performance. 

In this direction a comparison with UMTS has been done in order to evaluate the respective performance evaluation.

As a conclusion, assuming that for LTE an RSSI based band scan to search for available PLMN is not possible due to the current system constraints, a big increase of the average PLMN acquisition time w.r.t. UMTS has been highlighted.

In particular, the PLMN band scan performance is very critical at the cell edge (low Ior/Ioc) for which it is required a synchronization time-out large enough (N) to reduce the non-detections and avoid band scan to be done multiple times.

Furthermore, PLMN search in presence of a frequency offset between the eNodeB and the UE will further degrade the performance of the synchronization and increase the worst-case acquisition time assumptions.

As a conclusion, this item should be carefully considered due to the performance impact at system level. WG4 should consider this point at least from the performance point of view as part of the RRM requirements work.
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