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1. Introduction
At the RAN4#68bis meeting, operators argued that the maximum number of carriers a UE can monitor for cell reselection or handover should be increased, since the number of used carriers/bands per operator is increasing and the limitation on the maximum number of carriers a UE can monitor puts constraints in operator network planning [1]. In addition, considering future higher frequency band deployments, issues regarding inter-frequency measurement that have been studied in the RAN2 HetNet mobility enhancement SI/WI would become more significant [2]. To address the issues raised by the operators in RAN2/4, this contribution discusses possible inter-frequency measurement enhancement based on the outcome of Rel. 12 SCE efficient discovery studies. A text proposal to TR 36.872 is attached in the Annex based on the observation in this document.
2. Issues for inter-frequency measurement
The requirements for measurement delay scale with the number of measurement carriers in the current RAN4 specifications so that the UE power consumption should be constant irrespective of the number of measurement carriers [3]. For example, the requirements for measurement delay can be calculated for the measurement gap configuration with a 40 ms repetition period as follows:

· Tindenfity_Inter = 3.84 s (Number of inter-frequency carriers: 1)

· Tindenfity_Inter = 7.68 s (Number of inter-frequency carriers: 2)

· Tindenfity_Inter = 11.52 s (Number of inter-frequency carriers: 3)
If we consider that the number of inter-frequency measurement carriers is increased to N, the current fundamental requirement leads to an increase in the maximum measurement delay requirement to N*3.84 s while keeping the UE battery consumption constant. This implies that this scaling approach might not work in terms of measurement delay, i.e., the mobility impact, if the number of measurement carriers is increased to more than 3. Conversely, if we increase the number of inter-frequency measurement carriers while retaining the required value for the measurement delay, it is clear that the increase in the UE effort and corresponding battery consumption will become significant issues. This trade-off might cause a prolonged RAN4 discussion.
In the RAN2 HetNet mobility enhancement SI/ WI, the identified issue is that continuously performing inter-frequency measurement according to existing performance requirements results in very high battery consumption without showing significant impact on the offloading potential in a separate frequency deployment scenario such as SCE scenario 2 [2]. Since separate frequency small cells are mainly deployed for offloading purposes rather than coverage purposes, one of the approaches to reduce UE power consumption related to inter-frequency measurement of small cells is to relax the performance requirements for inter-frequency measurement used for offloading purposes [4]. This approach would lead to retaining the current requirement and the maximum number of measurement carriers for the carriers/bands for coverage purposes, while adding a new requirement in which the requirement for the measurement delay is relaxed for carriers/bands for offloading purposes (hereinafter, referred to as offloading carriers/bands).
To summarize the above, there are mainly three options to increase the maximum number of inter-frequency measurement carriers in the RAN2/RAN4 discussions so far. Please note that the discussions/studies in RAN2/ RAN4 are based on the existing physical layer design, and no physical layer enhancements have been taken into account. The advantages and disadvantages of each option are summarized in Table I below.
Table I – Possible Options for Increased Number of Measurement Carriers
	
	Advantages
	Disadvantages

	Option #1:

Current fundamental requirement
	- No UE impact in terms of UE power consumption
	- Longer measurement delay for offloading carriers/ bands and coverage carriers/ bands
- Modest solution, and may not be sufficient for future higher frequency band deployments

	Option #2:

Stricter measurement delay requirement
	-No mobility impact
	- Higher UE power consumption

- Modest solution, and may not be sufficient for future higher frequency band deployments

	Option #3:

Additional relaxed requirement only for the offloading carriers/ bands while retaining current requirement for the coverage carriers/ bands
	- Low mobility impact
- Less impact on UE power consumption
	- Longer measurement delay for  offloading carriers/ bands (Quicker association to offloading carriers/ bands would be beneficial from a service quality point of view)

- Modest solution, and may not be sufficient for future higher frequency band deployments


3. Discussion on small cell discovery enhancement
As described in Section 7.2 of TR 36.872 [5], RAN1 identified the following solutions for small cell discovery:

· Network synchronization and assistance

· to minimize the search window size at a UE

· Interference cancellation techniques, such as PSS/ SSS interference cancellation

· to mitigate pilot pollution problems

· PRS/ CSI-RS based discovery signals

· to mitigate pilot pollution problems

· …
The evaluation results indicate that almost all UEs in the small cell cluster area could achieve accurate detection of at least the best RSRP small cell by using these solutions with only 1 measurement sample, e.g., within the duration of 1 ms.

This clearly indicates that the efficient small cell discovery techniques would represent significant steps in addressing the issues raised by the operators in RAN2/4. Figure 1 shows an example of the energy efficient inter-frequency measurement procedure based on the enhanced small cell discovery mechanism. Since the enhanced discovery would achieve accurate detection and measurement of small cells at a certain carrier within e.g., 1 ms, the UE can apply a longer measurement gap repetition period e.g., 3.84 s and a measurement gap length of, e.g., N*1.5 ms, for carriers supporting the enhanced discovery to relax the UE effort and battery consumption. The new inter-frequency measurements using the enhanced small cell discovery mechanism for offloading carriers can be separated from the existing inter-frequency measurements for coverage carriers so that there is no impact on the existing inter-frequency mobility performance. Table II shows an example of possible new requirements for inter-frequency measurements. 
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Figure 1 – Energy efficient inter-frequency small cell discovery for future higher frequency deployment

Table II – Example of New Requirements for Inter-frequency Measurement with Increased Number of Carriers to be Measured
	Existing requirements for coverage carriers/ bands for 40 ms measurement gap periodicity

	Number of carriers to be measured
	Delay requirements

	1
	3.84 s

	2
	7.68 s

	3
	11.52 s

	Additional requirements for offloading carriers/ bands

	Number of carriers to be measured
	Delay requirements

	{1, 2, 3, 4}
	3.84 s

	#Note: UE should simultaneously meet additional requirements as well as existing requirements


4. Conclusion
This contribution discussed possible inter-frequency measurement enhancement based on the outcome of Rel. 12 SCE efficient discovery studies to address the issues raised by RAN2/RAN4. A text proposal to TR 36.872 is attached in the Annex based on the observations in this document.
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Annex.  Text proposal of TR 36.872 on energy-efficient inter-frequency small cell discovery

-------------------------------------------Start text proposal----------------------------------------------------------

7.2.1.4
Evaluation on energy-efficient inter-frequency small cell discovery

It is identified that energy-efficient inter-frequency small cell discovery is required, especially in the case that the number of inter-frequency measurement carriers is increased to more than three. In addition, energy-efficient inter-frequency small cell discovery can be achieved by accurate detection and measurement with one or a few measurement samples since such fast and accurate discovery of small cells will allow for less frequent initiation of inter-frequency measurement procedures for the small cell layer to relax the UE effort and battery consumption without causing severe measurement delay. 

In terms of the number of measurement samples required for accurate detection of small cells, the following are observed from the evaluation results in Tables 7.2-1, 7.2-2 and 7.2-3.
· Observation #1: Although the legacy Rel-8 mechanism can achieve accurate detection of the best RSRP small cell by using only 1 measurement sample for a large portion of UEs within a cluster area, the remaining UEs within a cluster area need multiple measurement samples for detection of the best RSRP small cell.
· Observation #2: Both the SS-IC-based mechanism and the new mechanism based on the existing RS, e.g., PRS/ CSI-RS, can achieve more accurate detection of the best RSRP small cell by using only 1 measurement sample than that for the legacy Rel-8 mechanism, and almost all UEs within a cluster area can detect the best RSRP small cell using 1 measurement sample in these mechanisms.
· Observation #3: Performance improvements from the SS-IC-based mechanism and the new mechanism using existing RS are based on the assumption of utilizing network synchronization and assistance. In these mechanisms, it is assumed that the UE can obtain the rough timing of the synchronized transmission of the SS/RS in the small cell layer so that the search window size for inter-frequency measurement of each carrier can be shortened.
Based on Observations #2 and #3, it is concluded that the efficient small cell discovery techniques, such as network synchronization and assistance, SS-IC-based mechanism and the new discovery mechanism using existing RS, could actualize energy efficient and reasonably-low-delay inter-frequency measurements for multiple inter-frequency small cell carriers. 
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