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1 Introduction
RAN4 has has been discussing inter-frequency small cell discovery with reduced UE power consumption impact. In the RAN4#68bis meeting and LS was sent to RAN2 to ask if also other gap assisted solutions than those mentioned in the original LS could be considered in RAN4. In this paper we will continue the discussion related to the topic on use cases for efficient inter-frequency measurements. Additionally we will discuss the relaxation level as also discussed in our paper in last meeting [13]. Finally we list our preferred network controlled based solution.
2 Discussion on Scenario
In last meeting there was a discussion on the use case for the relaxed requirement applicability as well as there were some concerns raised related to introduction of relaxed requirements.

As stated in in the LS from RAN2 [1]:

RAN2 has been conducting studies for HetNet mobility inter-frequency small cell discovery with reduced UE power consumption impact. Findings of these studies for study item have been captured in the TR 36.839 which documents the observations from the study of small cell discovery. RAN2 has in particular studied the scenario with one macro layer and one layer with small cells. For offloading purposes, UEs can be assigned to detect the inter-frequency small cells using measurement gaps. However,  RAN2 assumes that the UE power consumption will be too high if the UE is continuously configured with inter-frequency measurements according to currently specified requirements.

When discussing the relaxed requirements we would need to look at when such requirements would be used. First of all we see the use of such relaxed requirements as a network configurable and network controlled feature. I.e. the network is controlling and configuring the UE explicitly such that the UE knows when the relaxed requirements can be applied. This is most likely done according to network deployment scenario.

It is also clear from the original LS that what is discussed is relaxed requirements for inter-frequency small cell discovery purpose. What is not under discussion is intra-frequency requirements. The intra-frequency requirements are kept as current and would not be changed due to new relaxed requirements for inter-frequency cell detection.
When we discuss relaxed inter-frequency requirements we should take carethat legacy performance by not excluding the existing requirements. When designing the new relaxed requirements care should be taken to ensure that impact on legacy performance is non-existing.

In order to analyse this we have considered two rather normal deployment sceanrios and see how the new relaxed requirements could be applied:

1) Offload: here it is anticipated that small cells are deployed on second carrier at certain places in order to boost the capacity. The small cells can be deployed without coordination with macro cell coverage on current serving layer.

2) Cell edge or coverage enhancement: in this case the small cells are likely deployed at the cell edge of the macro cells on coverage layer. Purpose can be for both capacity boost and/or coverage reasons.

The offloading case is in our view the reason for introducing relaxed performance requirements. The intention is to allow network to configure inter-frequency measurements in UE in a more continuous manner – without having as frequenct measurement gaps as with current gap patterns. This would allow a more optimized inter-frequency measurement behavoir (less measurement gaps and less measurement activity in UE) when the UE has to search for small cell independently from serving cell coverage. This is illustrated in figure 1 considering small cell 1. Deployment.
For cell edge or coverage enhancement current inter-frequency measurement performance can be utilized to ensure timely detection of the small e.g. in order to ensure that coverage is not lost and/or TP is maintained. This is illustrated in figure 1 considering small cell 2.
As we see it introducing relaxed performance requirements can work well with the existing inter-frequency performance requirements. If the network has a deployment in which both scenarios above are used the network can use existing measurement event triggers to configure the performance as needed. E.g. when the UE is reaching serving cell edge the network configures measurements according to the existing performance requiremence while when the UE is not at the serving cell edge relaxed performance requirements can be utilized by specific network configuration indicating these new relaxed performance requirements. The existing events can be used e.g. event A1 and A2.
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Figure 1: small cell deployment examples in macro cell coverage (good coverage and cell edge).

In all cases – as when the UE shall apply the relaxed performance requiremence will be network configurable – the network can always just configure UE with existing gap-patterns.

3 Relaxation of RRM performance requirements
As discussed in [13], we find it important first to discuss which level of relaxation in inter-frequency/RAT cell detection (and possible measurements) the companies in RAN4 are willing to accept. It would be important for the discussion to understand whether cell detection times can be noticeably increased or not as this would have impact on the solution and how complex such a solution should be.
Proposal 1: RAN4 should first discuss and decide which level of relaxation in inter-frequency/RAT cell detection (and measurement) is acceptable.

When discussing the relaxed performance requirements for background search it also important to understand that this will increase the cell detection times. However, it is also worth noting that increase in the cell detection times may in fact not always cause negative impact on the overall mobility performance. The use case and background for RAN2 to send the LS was to use such relaxed requirements in cases where the UE would need to search for small cells deployed on another carrier than serving cell. In these situation longer cell identification time is not always that critical as it is probably quite acceptable (or even beneficial), that UE moving a bit faster do not even detect small cells and therefore do not report such cells either. It may even be so that the network can benefit from relaxed performance requirement to prevent unneccsary handover triggering by faster moving UEs.
Current minimum performance for inter-frequency cell detection is 3.84 seconds when using gap pattern 0. This cell detection requirement should be used as baseline when discussing relaxation of the requirements. In order to ensure some noticeable gains on UE side it is likely needed to allow significant relaxations compared to current requirements.
When RAN4 can form a common understanding of acceptable level of relaxed performance requirements for background search, it would be possible to decide which of the listed proposals would be most suitable to enable such relaxation. If RAN4 is not able to agree on an acceptable level of relaxed performance requirements for background search, we propose to ask RAN2 for guidance on which relaxation levels have been discussed in RAN2 in reply LS.
Proposal 2: If RAN4 is not able to agree on an acceptable level of relaxed performance requirements for background search, we propose to ask RAN2 for guidance on relaxation levels.

Next, we look at the options we would see being the most preferred approach.
4 Feasibility of type of gap pattern for small cell discovery
It is worth noticing that some UEs need gaps in order to perform inter-frequency measurements while others do not. In this section we will discuss the topic of how to enable relaxed requirements for UEs that requires gaps for the preferred network controlled solution.

1.1 Define a new gap pattern

Here RAN4 would need to define a new gap pattern in similar way as we now have gap patterns 0 and 1 e.g. define a new gap pattern 2 with less frequent occurrence of the gap (longer MGRP). Defining a new gap in the same way as the existing – i.e. one gap once per gap repetition – would be simple from UE cell detection point of view. The actual cell detection requirements would of course need to be scaled accordingly and depend on the gap repetition periodicity. The solution promising from a UE throughput and potentially also from system TP point of view. Likely there would be a need to change the actual conditions related to the performance as well. We see this single gap option with extended MGRP as the one promising solution which would have rather small impact on UE and network implementation as well as system performance such as TP.
1.2 Defining a new Gap Pattern Type
Section 4.1 discussed introducing a new measurement gap pattern in a similar way as the existing e.g. by having a measurement gap once per MGRP. However definition of a new gap pattern type in form of a burst of gaps (a series of gaps) repeated with a given interval (similar to measurement gap repetition period - MGRP) is also a solution which was discussed in earlier meetings [10, 12]. Such a solution would be somehow similar to having one of the existing gap patterns activated and deactivated by eNB with given intervals but without signaling. As the gaps would be synchronised between UE and network the impact on UE throughput and system TP point of view would be rather similar to a solution based on the proposal in section 4.1.
A solution with an infrequently repeated gaps or gap burst also seem to have low UE impact as well as reduced system impact in term of TP when compared to a solution using current gap pattern (as discussed in section 4.1).

1.3 General considerations
Solutions based on a new measurement gap pattern with longer MGRP or where a set of measurement gaps are repeated with a longer repetition period in a similar way as MGRP could be solutions which have minimal impact on UE implementation, UE TP and system level TP.
Using this type of solution would allow network to keep the control of the expected performance. As one example mentioned where this could be useful is if the network configures UE to use relaxed performance requirement in order to ensure slower cell detection such that faster moving UEs would not detect the small cells that easy and would not report them.

In a typical small cell environment most of the UEs are moving with lower mobility than what may be the case in typical macro cell environment. Therefore, it would also be acceptable that the time for finding and measuring a new inter-frequency small cell is also somewhat longer. Naturally in an area, where small cells are located, there may also be high mobility UEs but then it is anyway questionable whether these high mobility UEs should be moved from macro to small cells and therefore discovery of inter-frequency small cells for high mobility UE is not even critical. Sometimes, it would even better from the false detection point of view that the high mobility UE does not even detect inter-frequency small cells.   

5 Performance Requirements

While the discussion related to how the UE potentially performs the measurement using gaps only applies to a UE that actually needs measurement gaps for performing inter-frequency measurements – the related relaxed performing requirements would be applicable to all UE categories (i.e. both UEs that needs gaps and UEs that do not need gaps).

As discussed RAN4 would first need to discuss and agree which level of relaxation of the performance requirements that is seen acceptable. Then secondly the actual solution how best to realize the minimum performance requirements would need to be discussed. I.e. how to ensure gaps according to the outlined proposals for UEs that needs gaps, while for UEs that do not need gaps the same relaxed minimum performance requirements would need to be aligned – in order to allow such UEs to enable the power savings used as one reason for introducing the relaxed requirements.
RAN4 would of course also need to address the requirements under DRX as well as how to handle the case when UE has both a carrier configured with relaxed performance requirements as well as one or more with non-relaxed requirements (i.e. what we have today)
When RAN4 have concluded on which approach to take it would likely also be necessary to discuss the measurement accuracy to be defined when applying relaxed performance requirements. 
6 Conclusions 
In this paper we discussed the topic concerning relaxed performance requirements based on the ongoing discussions in RAN4. We discuss the different sceanrios and provide our view on preferred solutions. One important open topic that would need to be addressed is the level of performance relaxation and based on the discussion we suggest: 
Proposal 1: RAN4 should first discuss and decide which level of relaxation in inter-frequency/RAT cell detection (and measurement) are acceptable.

Proposal 2: If RAN4 is not able to agree on an acceptable level of relaxed performance requirements for background search, we propose to ask RAN2 for guidance on relaxation levels.
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