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Discussion
1. Introduction
In [1], RAN 2 sent RAN4 an LS on reduced performance for inter-frequency small cell discovery. In RAN4 meeting #68, we provided the initial thoughts in [2]. In this contribution we provide views on the measurement performance for small cell discovery from a RAN4 perspective, and discussion of the issues listed in WF [3] based on the questions asked by RAN2. The content of the WF is provided for convenience
	Background:

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

Issues for investigation:

1. Feasibility of relaxing RRM performance requirements

· Investigate feasibility of relaxing requirements in offloading scenario from macro serving cell to inter-frequency carrier with small cells 

· Relax performance requirements refer to extending measurement time

2. Feasibility of type of gap pattern for small cell discovery  

· Investigate following options whether:

· Option 1: Existing measurement gap patterns (#0 or # 1) are feasible;

· Option 2: New measurement gap pattern with longer periodicity is feasible;

· Option 3: UE autonomous gaps are feasible;

· Option 4: The above options (Options 1-3) are not feasible;

· Investigate the above options by considering impact on system performance (e.g. throughput) and UE implementation aspects

· Indicate RAN2 the above options feasible or not based on RAN4’s findings

3. Type of requirement(s) to relax

· Analyze if requirements are relaxed as considered by RAN2, then whether only cell detection time or both cell detection time and RSRP/RSRQ measurement period are to be extended

· Investigate the above issue by considering the way RAN4 requirements are defined and UE implementation aspects

Agreed RAN4 action plan

· Interested companies to provide findings in RAN4#68bis

· LS response to RAN2 in RAN4#68bis based on RAN4 findings


2. Discussion
Following the issues listed in WF, we provided our discussions in order below. 
2.1  Feasibility of relaxing RRM performance requirements
New measurement performance requirements are in principle feasible and indeed the main area of specification complexity may not be the new measurement performance itself, but rather the impact on existing inter-frequency measurements. For example, if the UE is configured with 2 inter-frequency measurement objects/carrier frequencies, one of which is a legacy type of measurement and one of which is a small cell measurement, then there needs to be consideration of the impact to the legacy measurement. The conventional RAN4 approach of scaling the performance by a factor of two is no longer valid, since more time is likely to be spent on the legacy measurements, and less time is likely to be spent on the hetnet layer measurements.

Naturally, it would be highly desirable not to impact legacy measurement performance by the measurement of additional hetnet layers. However, in view of RAN2 decision not to have parallel gap patterns, this is only achievable if no gaps are taken away from the legacy measurements (assuming both legacy measurements and hetnet measurements can be configured at the same time with a single measurement gap process).
2.2  Feasibility of type of gap pattern for small cell discovery  

Option 1: Existing measurement gap patterns (#0 or # 1) are feasible;

In general, using existing measurement gap pattern is the simplest approach with less impact on the requirements and specification change. From the implementation perspective, it is also feasible. Considering some specific issues discussed in [4] [5] for reusing the existing pattern, some thoughts are presented below for consideration. 

Power saving

The active search for the small cell discovery to enhance the capacity will likely take much longer time than the search of the cell for improving the coverage due to different triggering conditions. The search for small cell layer is used to offload traffic, which is not much relevant to link qualities of the serving cell. In other words, even though the serving cell quality is quite good, it may still need to search the small cell for traffic offloading purposes. To some extent, it could be treated as always-on cell search. However, the cell search to improve the coverage is traditionally trigged by the poor link quality of the serving cell, i.e., Srxlev and Squal of the serving cell are below a threshold which is related to the minimum requirement for a normal operation. In this case, the cell search is typically happened only in the cell edge area. As illustrated in figure 1, the capacity oriented small cell searching time (t2) would be much longer than the coverage oriented cell searching time (t1), supposing UE is moving from point A to point B. Thus, the inter-frequency small cell discovery using less measurement gaps may significantly reduce power consuming of UE, especially for the sparse deployed small cell scenario.
Observation 1: UE can benefit from the unused gaps in the search of small cell for power saving.
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Figure 1 cell search time for improving capacity or coverage
Performance loss issue

Firstly, the unused measurement gaps may not really degrad the system performance from eNB perspective, as the unused gaps in the cell can be anyway used to serve the others, supposing there are multiple active UEs in the cell. In particular, for the purpose of user offloading this assumption can be hold for macro cell layer with a high load. Otherwise, it doesn’t matter with user offloading.
From UE perspective, the unused gaps may cause the packet performance loss. However, it is not only a specific issue for the search of small cell but also happened for the legacy inter-frequency cell search. In the legacy cases with inter-frequrency cell search for coverage purposes, eNB can’t schedule any transmission within the measurement gaps as long as any inter-frequency search with a gap pattern has been configured.  In this case, it doesn't matter whether UE is triggered to use these gaps for inter-frequency cell search. Therefore, we may have to address the problem in the legacy cases as first if it is really a big problem. In other words, it is believed that this should not prevent UE from reusing the existing gap pattern for a relaxed requirement.
Observation 2: It is feasible for UE to reuse the existing gap pattern for a relaxed requirement.
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.
Option 2: New measurement gap pattern with longer periodicity is feasible;
As previously indicated, if defining a new gap pattern it may be preferable to define a gap pattern rather than simply using a new repetition period. The reason is that the relatively frequent cell searches possible using 40 or 80ms MGRP are useful to mitigate the effects of fast fading. On the other hand, if multiple cell searches separated by a reasonable interval related to likely coherence time of the channel do not detect any small cell then most likely the UE is not in coverage of a small cell and there is nothing to be discovered. Having said this, simply using longer MGRP may also be an option, although it is not likely to be an optimal pattern for efficient small cell discovery.
It is noticed that RAN2 has excluded the possibility of defining a totally separate measurement gap process and pattern than existing ones. Traditionally, the same gap pattern would be applied for cell search for all inter-frequency layers. In other words, the measurement gap configuration is agnostic to the frequency layer and cell search purposes. Thus, it is difficult to define a new measurement gap pattern to satisfy the small cell search with the relaxed requirement while keeping the same requirements for the cell search of the other legacy frequency layers. For this reason, option 2 can be only applied for the case when only small/hetnet cell layers are configured, which is quite limited.
Option 3: UE autonomous gaps are feasible  

Autonomously initiated gaps could be considered for the additional measurements. However, due to RAN2 preference that autonomous gaps only occur in DRX, there are a few consequences from the UE perspective;

•
The detection of small cell layers will depend quite heavily on data activity. In the worst case, a UE which becomes active will not have any DRX ongoing, even though DRX has been configured. Such a UE cannot be offloaded while it is active. On the other hand, it has been noticed that most of traffic offloading gain is actually from handover of such active UEs which has less chance for DRX due to active data transmission.

•
Making additional measurements in DRX has a clear power consumption impact, especially for an inactive UE.

In short, considering the merits and constraints of the 3 candidate approaches together, although all are technically feasible, our preference would be to use option 1. Accordingly, the following proposals are provided:
Proposal 1: The small cell layer(s) can be configured associated with either legacy requirements or relaxed requirements. 

Proposal 2: Option 1 using existing measurement gap patterns (#0 or # 1) can be adopted to further define the relaxed requirements
2.3  Type of requirement(s) to relax  

Traditionally, RAN4 has considered initial RSRP/Q measurement as part of the cell detection process, ie cell detection includes all time needed for the UE to be ready to report RSRP/Q of a cell. For this approach to be meaningful, RAN2 seems to imply that there would be a mechanism for reporting the detected PCI of a cell, without also reporting the corresponding RSRP/Q. Otherwise, it does not seem to make sense to set requirements on basic cell detection without measurement, since there is no external visibility to when the basic cell detection has been completed. From UE perspective, it may be technically feasible to indicate to the eNB the PCI of a detected cell without corresponding measurements, but on the other hand, the eNB is unlikely to be able to use this information directly to trigger an offload handover, due to a high risk of failure. So it is not completely clear that cell detection and measurement performance requirements can be beneficially separated in this way. If a less dense gap pattern is used for the measurement object (eg as indicated by approach 3 in the RAN2 LS) then there would be clear implications for both basic cell detection and measurements of detected cells.
Proposal 3: There is no need to separate cell detection and cell measurement.
3. Conclusions

In [1], RAN 2 sent RAN4 an LS on reduced performance for inter-frequency small cell discovery. In this contribution we provide more discussions on the measurement performance for small cell discovery from a RAN4 perspective, and discussion of the issues listed in the WF based on the questions asked by RAN2. In addition, we have the following observation.
Observation 1: UE can benefit from the unused gaps in the search of small cell for power saving.
Observation 2: It is feasible for UE to reuse the existing gap pattern for a relaxed requirement.

Moreover, the following proposals have been presented:

Proposal 1: The small cell layer(s) can be configured associated with either legacy requirements or relaxed requirements. 
Proposal 2: Option 1 using existing measurement gap patterns (#0 or # 1) can be adopted to further define the relaxed requirements

Proposal 3: There is no need to separate cell detection and cell measurement.
It is expected that a response to RAN2 could be provided based on the discussion along with input from other companies.
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