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1. Introduction
With densification of small cells, cell discovery and UE measurement mechanism becomes challenging as described in detail in [1]. At the RAN1 #72bis and #73 meeting, it was agreed to evaluate the performance of current cell discovery mechanism (i.e. PSS/SSS/CRS) for small cell scenarios, and further study technical solutions if inadequacies are identified with the legacy mechanism. The desired metrics for evaluation include UE battery consumption, cell detection time, and the number of frequency carriers on which a UE can measure, and so on. 

In this contribution we discuss the measurement performance of small cell discovery by exploring the limitations of the legacy mechanism and potential solutions to alleviate such limitations.

2. Discussion

2.1. Legacy Cell Discovery Mechanism
The current cell detection is based on PSS/SSS/CRS and the requirements defined in [2] are summarized here in Table 1. The requirements are only applicable for UEs in RRC_CONNECTED state.

Table 1: Cell detection requirements, Connected Mode

	
	E-UTRAN Intra-frequency
	E-UTRAN Inter-frequency

	Received signal quality
	CRS: Ês/Iot ≥ -6dB

PSS/SSS: Ês/Iot ≥ -6dB
	CRS: Ês/Iot ≥ -4dB
PSS/SSS: Ês/Iot ≥ -4dB

	Nr of measured cells
	Up to 7 neighbour cells
	Up to 3 inter-frequencies and up to 4 cells per frequency

	Time requirement
	Detection time: 800ms

Measurement period: 200ms
	Detection time: {3.84s, 7.68s}1 x Nfreq
Measurement period2: 480ms x Nfreq


1 Depending on 40ms and 80ms measurement periodicity

2 Regardless of number of cells, 480ms is required for each carrier frequency 

The measurement sampling is UE implementation specific. In case of intra-frequency cell discovery, typically one 1-2ms sample or snapshot per 40ms or per DRX cycle is applied for measurement. A UE is required to detect a cell within 800ms with a measurement period of 200ms, for no DRX configuration or DRX cycle length up to 40ms.

In case of inter-frequency cell discovery, the network configures a 6ms measurement gap with period {40ms, 80ms} or per DRX cycle. At least 5ms are available for measurement during each 6ms gap. A UE is required to detect a cell within {3.84s, 7.68s} depending on configured measurement periodicity for one inter-frequency carrier, for no DRX configuration or DRX cycle length up to 160ms. The measurement period is 480ms for one carrier in both intra-frequency and inter-frequency measurement case. Both detection time and measurement period scale with number of frequencies Nfreq.
Note that above requirements cover all relevant LTE operating conditions, S(I)NR, time dispersion, Doppler spread, antenna diversity, synchronized/non-synchronized inter-cell interference, FDD and TDD. In other words, they are the “minimum” or worst case requirements. Figure 1 figuratively explains that the number of samples required for cell detection depends on SINR at the detection receiver. In small cells, higher SINR levels can be expected, which in turn means that the detection time can be reduced. 
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Figure 1 SINR at detection receiver vs number of samples
In small cell scenario, it can be discussed if more inter-frequency measurements are needed to support deployment scenarios on higher frequencies, where potentially a larger number of bands and component carriers may be available. Currently, the requirements are defined for three LTE inter-frequency measurements. Moreover, the current requirements may also cause much longer time for detection of these three carriers. The potential increase in the number of inter-frequency measurements for small cells can cause higher UE power consumption and even longer detection/measurement time. Therefore, it would be desirable to improve current inter-frequency measurement mechanism for cell discovery enhancements in small cell scenarios. However, it should also be noted that component carriers within the same band can experience similar RSRP values (assuming same transmit power, and transmission nodes), and it is therefore not necessarily so that separate RSRP measurements are needed on all component carriers. 

Another area to be considered for improvement is the mobility enhancements for small cells. This is related to the RAN2 led study item on mobility enhancements in heterogeneous networks; see technical report in [3]. One of the solutions outlined therein is based on a new cell detection signal, which would allow detection of cells at a lower SINR level. However, at this point it is not clear whether a new detection signal is needed for this purpose, considering that several alternative solutions without standards impact were also outlined in [3]; for example, network based proximity detection can be applied [4].

Observation:

· Due to potential increase in the number of frequency carriers to be measured, legacy inter-frequency measurement mechanism for small cell discovery could be enhanced, to maintain UE energy efficiency and detection/measurement time requirements.

2.2. Inter-frequency Measurement Enhancement

Herein we present the options to enhance legacy inter-frequency measurement mechanism, without introducing a new discovery signal.
One way to improve legacy mechanism is to relax the SINR requirements for cell detection. With this approach, the number of required measurement samples can be decreased and thus speed up the cell detection and measurement. With the current mechanism based on PSS/SSS, 15 “samples” (or more specifically PSS/SSS occasions) are used for the PSS/SSS acquisition and 5 “samples” are for measurement with legacy mechanism based on PSS/SSS. If the SINR requirement is relaxed, for example, to -3dB, the UE can be expected to detect the cell with fewer samples and within a shorter time. As mentioned earlier, the requirements defined in current standards are for the most demanding LTE scenarios. For small cell scenario, the relaxed SINR requirement for cell detection could be an option to speed up the inter-frequency measurement.

Observation:

· The SINR requirement for small cell detection could be relaxed to reduce the inter-frequency cell detection/measurement time.

Another option to improve the measurement effort/procedure is to exploit assumption of synchronization by network assistance, to ensure measurement acquisition from a single subframe. In a synchronized network, the search for a detection signal can be significantly improved, in particular if the detection signal is transmitted relatively infrequently (e.g., every 100ms). If the network is synchronized and the UE has information about which particular subframes are used for the transmission of detection signals (e.g., PSS/SSS), it is sufficient to measure in that particular subframe (i.e., with a minimal search window). This has the benefit to improve UE energy efficiency of cell detection and measurement procedure.

Observation:

· The search window for the UE can be reduced with network synchronization and/or network assistance, which in turn improves UE energy efficiency.

Proposal:

· Study a relaxed SINR requirement for small cell detection.

· Study the benefits of network synchronization knowledge.
3. Conclusions
Herein we discussed the measurement performance of small cell discovery based on legacy mechanism, (i.e., PSS/SSS/CRS), and made the following observations and proposals:

Observation:

· Due to potential increase in the number of frequency carriers to be measured, legacy inter-frequency measurement mechanism for small cell discovery could be enhanced, to maintain UE energy efficiency and detection/measurement time requirements.

· The SINR requirement for small cell detection could be relaxed to reduce the inter-frequency cell detection/measurement time.

· The search window for the UE can be reduced with network synchronization and/or network assistance, which in turn improves UE energy efficiency.

Proposal:

· Study a relaxed SINR requirement for small cell detection.

· Study the benefits of network synchronization knowledge.
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