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Discussion
1. Introduction
In [1], RAN 2 sent RAN4 a LS on reduced performance for inter-frequency small cell discovery. In the previous RAN4 meetings, we provided some discussions in [2][3]. In RAN4 #68bis meeting, there is a RAN4 LS agreed in [4] which provided the initial thoughts in response to the questions raised in RAN2 LS. In this contribution we continue some discussion based on observations in RAN4 which has been extracted below:
	Background:

· RAN4 is requested to provide responses to 3 questions in RAN2 LS [1]

Observations in RAN4 reply LS for options give by RAN2 LS [4]
RAN4 has had extensive discussions on limitations of options 1-3 for measurements for offloading purposes. The first option is not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement. The second option is not feasible since UE is not always in DRX and also due to difficulty in defining consistent performance requirements. The third option is also not feasible if UE cannot reuse its settings (eg gain setting) from the previous gap as they become outdated due to very long reoccurrence of gaps.


In particular, this paper focuses on the discussion of option 1, reusing the existing gap pattern, for defining the relaxed requirements.
2. Discussion
2.1 Trigger of small cell search for capacity purposes
First of all, the trigger of small cell search for capacity purposes should be clarified. Obviously, different than the legacy inter-frequency cell search for coverage purposes, S-criteria as the trigger are not suitable to apply in the case of the cell search for capacity purposes, e.g., UE offloading. Instead, UE should be always active on the small cell search for the purpose of efficient offloading even if the serving cell quality is satisfied. Thus, once UE is configured for small cell search to enhance the capacity, UE should be active for the small cell search disregarding the S-criteria. Meanwhile, considering the significant UE power consumption caused by full-time active cell search, the relaxed requirement should be adopted to allow UE to skip some measurement gaps, which can avoid draining UE battery quickly due to full-time cell search. As a trade-off, the relaxed requirement may take a longer time for the cell identification. However, this would not cause any severe issue such as the radio link failure. So the full-time active small cell search for capacity purposes with the relaxed requirements can be a good compromise for achieving the good offloading performance while minimizing UE power consumption.
Proposal 1: For a UE configured with the relaxed requirement, the full-time active cell search for the corresponding frequency layer should be applied disregarding S-criteria configuration.
2.2 Efficiency of using existing gap pattern for cell identification
In general, using existing measurement gap pattern is the simplest approach with less impact on the requirements and specification change. It is also compliant with the principle of configuration for the inter-frequency cell search defined by RAN2, i.e., a single gap pattern is applied for all inter-frequency layers. Using the existing gap pattern can also provide the sufficient flexibility for UE implementation. However, in the previous meetings, one concern is the scheduling opportunity loss during unused measurement gaps. Here, more discussions are presented below: 

Scheduling opportunity loss

Firstly, the unused measurement gaps may not really degrade the system performance from eNB perspective, as the unused gaps in the cell can be anyway used to serve the other UEs, supposing there are multiple active UEs in the cell. In particular, this assumption is quite fair for the macro cell layer with a high user load for offloading.
From UE perspective, the unused gaps may cause the UE to lose the opportunities for scheduling. However, it is not only a specific issue for the small cell search case but also for the legacy inter-frequency cell search case. In the legacy cases with inter-frequency cell search for coverage purposes, eNB can’t schedule any transmission within the measurement gaps once a measurement gap pattern has been configured for a UE. On the other hand, it should be noticed that the UE would be active for the inter-frequency cell search only if the trigger of S-criteria is fulfilled. Typically, S-criteria are defined to trigger the cell search for coverage purposes at the time when the serving cell quality is poor. In other words, the active cell search is only happened in the cell edge area with a relative short time from UE perspective. Thus, UE will always lose the scheduling opportunities for the unused gaps when UE is not located in the cell edge area. It should be kept in mind that eNB can’t know whether UE is active on cell search during the configured measurement gaps so that the unused gaps can’t be utilized for scheduling anyway. 

Regarding to the small cell search for capacity purposes, it is an always-on cell search procedure so that there could be even less unused gaps compared to the legacy inter-frequency cell search with gaps during the whole procedure, even though the relaxed requirement may provide some possibilities to skip some measurement gaps. This also indicates the importance of the relaxed requirement for the full-time active cell search. 

As illustrated in figure 1, supposing UE is moving from point A to point B with a measurement gap configured for the whole process, the capacity oriented active cell searching time (t2) would be much longer than the coverage oriented active cell searching time (t1). Accordingly, the inter-frequency small cell discovery using less measurement gaps with the relaxed requirements may significantly reduce power consuming of UE, especially for the scenario with sparse deployed small cells. On the other hand, it indicates that the legacy cell search may loss even more opportunities for scheduling (e.g., t2-t1).
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Figure 1 cell search time for improving capacity or coverage
Observation 1: There is no clear evidence to show that the small cell search for capacity purposes will lose more scheduling opportunities than the legacy inter-frequency cell search for coverage purposes.  
Applicability of the relaxed requirement

Besides, as discussed in RAN2 the small cell layer could be configured with an indication of whether using the relaxed requirements or legacy requirements, which provides flexibility for operation adapting to different scenarios.
Proposal 2: The small cell layer(s) can be configured with either the legacy requirements or the relaxed requirements. 

Proposal 3: Using existing measurement gap patterns (#0 or # 1) can be adopted to further define the relaxed requirements.
3. Conclusions

In [1], RAN 2 sent RAN4 a LS on the relaxed performance requirements for inter-frequency small cell discovery. In this contribution we provided more discussions on the cell identification performance for small cell discovery from RAN4 perspective. As a summary, we have the following observation.
Observation 1: There is no clear evidence to show that the small cell search for capacity purposes will lose more scheduling opportunities than the legacy inter-frequency cell search for coverage purposes.  

Moreover, the following proposals have been presented:

Proposal 1: For a UE configured with the relaxed requirement, the full-time active cell search for the corresponding frequency layer should be applied disregarding S-criteria configuration.
Proposal 2: The small cell layer(s) can be configured with either the legacy requirements or the relaxed requirements. 

Proposal 3: Using existing measurement gap patterns (#0 or # 1) can be adopted to further define the relaxed requirements.

It is expected that the group can take them into account for further discussion along with input from other companies.
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