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1 Introduction
RAN4 has has been discussing relaxed inter-frequency small cell discovery for a couple of meetings. In the RAN4#69 meeting an LS [14] was sent to RAN2 indicating that RAN4 sees it feasible to introduce relaxed requirements. 
RAN4 has identified that for some scenarios, specifying relaxed minimum measurement performance is feasible, and provides opportunities for UE power saving. In other scenarios where relaxed measurement performance is not an appropriate network configuration, RAN4 assumes that the eNB would configure measurements according to existing measurement procedures, and thus that non relaxed minimum performance requirements apply.
In this paper we will continue the discussion related to the topic of the relaxation level as well as we will discuss potential network controlled based solution options. Based on the analysis a solution proposal is made for the case mixed case.
2 Relaxation of RRM performance requirements
As discussed earlier [13], we find it important to discuss which level of relaxation in inter-frequency/RAT cell detection (and possible measurements) the companies in RAN4 are willing to accept. This would be important for the discussions understanding which solution might be better option.

Proposal 1: RAN4 should discuss the level of acceptable relaxations for RRM performance requirements in inter-frequency/RAT cell detection.

As baseline, we have the current minimum performance for inter-frequency cell detection, which is 3.84 seconds when using gap pattern 0.
When discussing the relaxed performance requirements for background search it also important to understand the cell detection times may also increase depending on the actual UE implementation and the agreed UE performance requirements. However, it is also worth noting that an increase in the cell detection times may not always cause a negative impact on the overall mobility and system performance. This was described in the use case and background material RAN2 included when the LS was sent to RAN4 [1]. Relaxed requirements could be configured for a UE that would need to search for small cells deployed on another carrier than serving cell carrier, and in these situations longer cell identification time is not always that critical. It is probably acceptable (or even beneficial) that UE’s moving faster do not even detect small cells, and therefore do not report such cells either. This may allow the network to benefit from relaxed measurements as unneccsary handovers are not triggered for the faster-moving UEs.
Next, we look at the solution options and their impacts. We see from the analysis that the impact is rather similar from the different solutions for realizing relaxed performance requirements.
3 Realization of Relaxed Requirements
Looking at the solution options discussed lately in RAN4, there have been different options on the table, including a new gap pattern, re-use of existing gap pattern whilst allowing UE performance relaxations, as well as applying an approach with a “burst of gaps”.

Essentially, all the proposals seem to enable the relaxed measurements and allow defining relaxed measurements performance requirements, so the following should be considered when analyzing the solutions further:

1) Support of mixed configuration: solution where carriers on which normal requirements apply can be configured simultaneously carriers on which relaxed requirements apply.

2) Support of only a single type of requirement: solution where only one type of can be configured – i.e. either carriers on which normal requirements apply or carrier on which relaxed requirements apply (i.e. not simultaneously).

3) Support for better performing UEs: Is a UE allowed to perform better than relaxed requirements indicate?
Additionally it seems beneficial that the solution chosen is able to cover the case where relaxed requirements are configured for more than a single carrier.
In our view, the realization of relaxed requirements fulfilling either of 1) or 2) is not restricted to whether new gap pattern is introduced or whether existing gap patterns are re-used. E.g. A burst type of approach can be applied in both cases, i.e. in combination with defining new gap pattern or re-use of existing GP’s, provided RAN4 can agree on the details of such design [15].

Whether to re-use existing gap patterns or defining a new gap pattern needs to be evaluated based on what is needed from the solution according to 1) and 2).
3.1
New Gap Pattern

Even with a new gap pattern, the UE can only be configured with one GP at any time. A new GP, e.g. like proposed in [13] can be defined in a similar way as current GP’s or it can be combined with a burst of gaps occurring every MGRP.

The benefit of introducing a new GP would be that there would not be any un-used gaps allocated to the UE, maximizing the scheduling opportunities for the UE. From system point of view this may be desirable as it does not unnecessarily impact potential data transmission by having un-used gaps allocated (where UE cannot be scheduled). Defining and configuring the UE with such new GP would mean that all configured inter-frequency objects would be measured using relaxed requirements.
If UE would also be configured with objects on which normal requirements should apply UE would need to be reconfigured with one of the existing GP’s.
A new GP would as such only support 2) above and would rely on re-configuration in case also 1) needs to be supported. In case 1) is needed there would be a need for objects based indication of relaxation if mixed case support is necessary – i.e. same definition of relaxed requirements as is needed when re-using existing GP’s (see next section).
The specification impact of a new gap pattern would be defining the pattern in the RRC specification [36.331] and defining the performance requirements in the RRM requirements specification [36.133]. In [16] the potential RAN2 impacts are illustrated.
3.2
Use of Existing Gap Pattern

Using existing GP0 or GP1 and not defining a new GP would, in some cases, lead to a system design that allows un-used measurement gaps, which might not be desirable. Un-used gaps would likely only be present in the situation where the UE is only configured with objects on which relaxed requirements are to be applied. In case the UE is simultaneously configured with objects on which existing requirements should apply there would not be un-used gaps (or as minimum it would be similar as today).
In order to enable relaxed requirements when re-using existing GP’s there would also be a need to indicate this from network. In a similar manner as in section 3.1 the options are to have one indication that applies for all configured objects (and then solution is similar to the one illustrated in 3.1) or have an object per object indication.

The benefit of re-using existing GP’s would mainly be that there wouldn’t be a need to define a new GP, but there would be cases with un-used gaps. Additionally RAN4 would still need to define relaxation requirements. 

If the UE is configured with relaxed requirements and is also to be configured with object indication then in order to have a carrier configured on which normal requirements should apply, the UE would need to be reconfigured.

Re-use of existing GP’s would support both 1) and 2) above but this would lead to a design with inbuild system inefficiency due to potentially un-used gaps for those cases where only 2) is needed. 
Specification impact of re-using existing gap pattern would be defining a new indication in the RRC specification [36.331] and defining the performance requirements in the RRM requirements specification [36.133]. In [16] the potential RAN2 impacts are illustrated.
3.3
Gap pattern discussion

When discussing whether to introduce new gap pattern or re-use existing gap pattern one important issue to consider is whether there will be an excessive amount of un-used gaps in the solution and whether this will have negative system impact.

In LTE, there is only one GP per UE at a time, and this GP is applied to all configured measurement objects, and this should be kept in mind when discussing the solutions. This means if new GP is defined and configured relaxation will apply to all objects. Re-use of existing GP’s will also need some indication from network, and depending on the approach the relaxation will apply for all or some carriers and will in some cases introduce un-used gaps. No matter which of these solution is chosen RAN4 needs to decide on the relaxation as captured in Proposal 1.
Observation 1: RAN4 would need to decide on relaxation level.

A possible generic solution would be to define a new GP and also an indication for the objects on which relaxed requirements can be applied. This will ensure a solution in which un-used gaps are not introduced while also allowing for mixed scenario as in 1). This can of course be supported by a gap burst approach.

In case RAN4 decides to apply a gap burst approach RAN4 would need to agree on the details of such burst design – e.g. amount of gaps per burst. This burst design would be in addition to the relaxation time.

Observation 2: If gap burst design is selected RAN4 would need to decide on the gap burst design details.
For both cases in 3.1 and 3.2 it seems beneficial that UE knows on which objects to apply relaxed requirements. If RAN4 decides to have new GP for relaxed requirements this will then apply for all objects configured. If on the other hand the UE is configured with an existing GP having an object per object indication is needed in order enable a mix of relaxed and non-relaxed requirements objects to be configured.
Proposal 2: Define a new GP and an indication per object for which relaxed requirements apply – 3rd and 2nd change in RAN2 CR would be needed in 36.331. In [16] the potential RAN2 impacts are illustrated.
3.4
Possible RAN2 implications

Based on the discussion so far (in RAN4 and in this paper), it is clear that some RRC signaling support is needed to realize the relaxed measurements. Support of course depends on the solution. Using above discussion as base [16] includes one approach with 3 different changes. Only a subset of changes are needed depending on RAN4 decisions. 1st change is needed if relaxed measurements is not configured per carrier frequency (i.e. measurement object). 2nd change is needed if relaxed measurements is configured per carrier frequency. And 3rd change is needed if new gap pattern is introduced – If burst amount/MGRP is not fixed then more complex changes than are indicated by 3rd change are required.
Observation 3: There is an impact to RAN2 specifications no matter how the relaxed measurements are defined.

4 Performance Requirements

First, RAN4 needs to discuss and agree which level of relaxation of the performance requirements that is seen acceptable. Second, 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)
5 Conclusions 
In this paper we discussed the topic concerning relaxed performance requirements based on the ongoing discussions in RAN4. Based on RAN4 seeing it feasible to introduce the relaxed requirements we discuss the different sceanrios and solutions on the table as well as we 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 discuss which level of relaxations in inter-frequency/RAT cell detection are acceptable.
Observation 1: RAN4 would need to decide on relaxation level.

Observation 2: If gap burst design is selected RAN4 would need to decide on the gap burst details.

Observation 3: There is an impact to RAN2 specifications no matter how the relaxed measurements are defined.

Proposal 2: Define a new GP and an indication per object for which relaxed requirements apply – 3rd and 2nd change in RAN2 CR would be needed in 36.331.

6 References

[1] R2-132239, LS on relaxed performance requirement; RAN2
[2] R4-135477, LS response on relaxed performance requirement; Nokia Corporation, NSN
[3] R2-131897, [81bis#17][LTE/Het-Net] Inter-frequency measurements (Nokia); Rapporteur (Nokia Corporation)
[4] 36.133, Requirements for support of radio resource management
[5] R4-134167, Discussion on relaxed performance requirements for background search; Nokia Corporation, NSN

[6] R4-134375, Way Forward on Mobility HetNet Relaxed Requirements; Ericsson, ST-Ericsson, Alcatel-Lucent, Nokia, Samsung, Intel, Huawei, HiSilicon
[7] R4-133582, Discussion on relaxed performance requirement; Huawei, HiSilicon
[8] R4-133583, System level Simulation Assumptions for measurement gaps in HetNet; Huawei, HiSilicon
[9] R4-133821, Discussion on the relaxed performance requirement for Hetnet mobility inter-frequency small cell discovery; Samsung
[10] R4-133829, Considerations on inter-frequency small cell discovery; Renesas Mobile Europe Ltd
[11] R4-133844, Consideration on relaxed performance requirements of HetNet; CMCC
[12] R4-133951, Analysis of requirements for inter-frequency; Ericsson, ST-Ericsson
[13] R4-135476, Discussion on relaxed performance requirements for background search; Nokia Corporation, NSN
[14] R4-136951, Considerations on relaxed measurement requirements, Ericsson  
[15] R4-136032, Gap pattern design for offload measurements, Ericsson
[16] R2-140514, Introduction of relaxed measurements, Nokia Corporation, NSN
