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1 Introduction

In RAN2 #82 meeting, one LS [1] entitled “LS on relaxed performance requirement” was sent to RAN4. Three alternatives to realize these measurements with relaxed performance requirements were raised as follows.

1. Using existing measurement gap pattern with existing measurement gap repetition periods (UE decides on how exactly to do the measurements to comply with the requirements) 

2. UE uses autonomously initiated gaps.  

a. RAN2 prefers that the UE autonomous gap does not interfere with ongoing data transmission i.e. the UE should only have autonomous gaps while being in DRX.

3. Defining an additional measurement gap repetition period (in addition to existing 40 and 80ms MGRP)

The relaxed performance of requirement inter-frequency measurements for offloading purposes has been extensively discussed in RAN4 for three meetings since RAN4#68. In RAN4#69 meeting, RAN4 was able to agree a response LS [2] containing some observations on the questions from RAN2.
In this contricution, two possible solutions to relax inter-frequency measurement requirements for offloading purposes, which reuse the existing measurement gap pattern with existing measurement gap repetition periods, are discussed for further consideration. 
2 Discussions

In the following sections, two solutions both reusing legacy measurement gap pattern are introduced and the performances of these two solutions will be compared.
2.1
Solution 1: UE decides on how to meaure
The solution is exactly the first option raised by RAN2 in [1], and in the solution existing measurement gap pattern with existing measurement gap repetition periods is configured to UE, and the UE decides on how exactly to do the measurements to comply with the relaxed measurement requirement. For example, the UE may periodically skip some gaps and does not make inter-frequency measurement in these gaps, however, the exact number and position of these skipped gaps is agnostic to eNB.
2.2
Solution 2: eNB decides on how to meaure
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The solution also reuses the existing measurement gap pattern with existing measurement gap repetition periods, which is same as the case in solution 1. But the difference is that the eNB decides UE how to measure. 

The UE takes the gap pattern into use for measurements during time interval T1, and then the UE suspends the gap pattern configuration and does not make any inter-frequency measurement during time intervalsT2. And the UE repeats above behaviour in endless cycles until the eNB releases the gap pattern configuration with explicit signalling. 
2.3
Performances Comparison
· Impacts on Signalings
For the first solution, it only needs an indicator to inform UE on which frequency the relaxed measurement requirement is applied. For the sceond solution, the RRC signalling needs to be defined to signal the value of T1 and T2 to inform the UE how to measure. If the UE wants to measure in a more efficient small cell discovery that has less impact on the power consumed, it needs the network to signal some assistance information to the UE. However this approach may lead to excessive signaling.
· Impacts on System Performance
The main concerns for solution 1 are lost scheduling opportunities in the gap period which is omitted by UE to save power. From UE perspective, the unused gaps will cause the packet performance loss. This is already claimed by RAN4 to RAN2 in the LS R4-135794 as following: 

The first option (i.e. solution 1 here) 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. 
For solution 2, as the eNB decides how the UE measures, the eNB knows the time intervals unused by the UE for measuring and can take these time intervals into use for transferring data. Hence, the scheduling opportunities during ignored measurement gaps will not be wasted and there should be throughput gain both from eNB perspective and from UE perspective.
In fact the simulation in our RAN2 contribution R2-140092 indeed shows that the throughput gain of solution 2 against solution 1 is fairly obvious even there are multiple UEs in one macro cell.
· Coordination of the UE and the eNB
In solution 1, it is the UE to decide how much measurement should be made, however, the UE does not know what exact mobility state it is in and how many small cells existing around itself, hence it is difficult for the UE to make sure how many gaps it should take to measure and how many it should skip. The UE will autonomously skip some gaps but the eNB does not know the exact gaps skipped by the UE, thus the eNB cannot take the skipped gaps in scheduling. In other words, though the UE does not use some gaps for measuring these gaps still bring interruptions to the serving cell. 
In contrast, it is the eNB to decide how much measurement the UE should perform in the solution 2. Since the eNB fairly knows the mobility state of the UE and the small cell density in the proximity of the UE, therefore the eNB can easily decide how often and for how long the UE should perform measurements and ensure interruptions on the serving cell(s) and UE power consumption to be minimised at the same time.
· Feasibility in Different Deployment Scenarios
In [3], three different deployment scenarios are mentioned to consider for relaxed measurement requirements.

· Scenario 1: Pure offload frequency layer(s)

· Scenario 2: Mixture of offload and coverage frequency layers

· Scenario 3: Mixed cell types within frequency layer(s).

In the scenario of pure offload frequency layer, the inter-frequency measurements are only related with small cell offloading layer and not needed to support mobility performance. In scenario 2, since the relaxed measurement requirement can only be applied to the frequency that purely used for offloading, thus we assume the solution 1 and 2 will only be configured to be used on such a frequency used for offloading and will not bring any impact to the measurement of the frequency that used for basic UE mobility. Hence, both of the two solutions are feasible to relax inter-frequency measurement requirements only for offloading purpose in scenario 1 and scenario 2. However, for the solution 2, the eNB knows what exact mobility state the UE is in and how many small cells existing around the UE, and can strike a balance between minimizing UE power consumption and maximizing the data offloading potential.
In scenario 3, both macro cells for coverage purposes and small cells for offloading purposes are deployed on the same layer. It is difficult to predict what type of cell a UE will detect when it performs measurement on a given layer. So, it is not feasible to relax the cell detection performance in scenario 3.
Based on the previous discussion, we think that relaxed measurement requirements of inter-frequency measurements only for small cell offloading purposes can be applied in some scenario. we kindly ask RAN2 to take into consideration the above analysis of the two solutions in their future work on HetNet mobility.
3 Conlusion
In this paper, we give our discussion on two solutions reusing the existing measurement gap pattern, and they are separately compared from several aspects. Both of merits and demerits for the two solutions are given in this paper. Based on the analysis, the following proposal is given:

Proposal: If the solution for only offloading purpose will be standardized for Hetnet mobility, our preference is solution 2, i.e., eNB decides how to measure. 
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