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1 Introduction

For HetNet mobility inter-frequency small cell discovery with reduced UE power consumption impact, 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, the concern of RAN2 is that the UE power consumption may be too high if the UE is continuously configured with inter-frequency measurements according to currently specified requirements. Thus, RAN2 is considering the following options to realize these inter-frequency measurements with relaxed performance requirements:
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)
and ask RAN4 the following three questions [1]:

Question 1: Would it be feasible to define new measurement performance requirements for measurements used for offloading purposes (or other purposes where relaxed performance requirements compared to REL-11 requirements are applicable)?

Question 2: Are there significant differences with the RAN2 identified approaches for realizing relaxed performance requirements from RAN4 viewpoint?

Question 3: RAN2 has also considered possibility to relax only cell detection performance requirements (i.e. only cell detection requirement is relaxed and not modify the RSRP/RSRQ measurement requirements). Does RAN4 see this as a feasible approach?

In RAN4#68, the above issue was discussed and a WF [2] was agreed to investigate the feasibility of relaxing RRM performance requirements and the feasibility of type of gap pattern for small cell discovery.
In RAN4#68bis, a number of papers were presented [3-11], and a reply LS [12] was agreed, which provides following answers to the RAN2’s questions: 
Answer 1 : Discussions on feasibility will continue in RAN4#69. RAN4 has identified that the normal measurements performed will not be impacted for those frequency layers where existing minimum measurement requirements (such as intra frequency cell search delay and intra frequency measurement period) are applied,  when the configuration of an additional frequency layer with relaxed performance is used purely for offloading purpose. 

Answer 2 : 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.

Answer 3 : RAN4 would like to remind RAN2 that the definition of cell identification delay in TS36.133 includes a measurement period for initial measurement of RSRP/RSRQ. In TS36.133, the requirement of measurement period for detected cells is also defined separately from cell identification delay requirement. Discussions on this aspect will continue in RAN4#69.
In this contribution, we will further discuss the issues that are identified to be further discussed in RAN4#69.
2 Discussion
As indicated in RAN4 reply LS [12], RAN4 has decided that options 2 and 3 in RAN2 LS are not feasible, and the Option 1 may be “inefficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement.” In the following, we will take a close look at the impact of the Option 1 on both system and also individual UE throughputs. 
Impact of Option 1 on system throughputs

For the relaxed performance requirement for HetNet, current understanding is that Option 1 has the least impact on UE side [3, 4]. But, there were some concerns on the throughput loss and resource usage efficiency for the option. For a UE configured with measurement gaps for inter-frequency measurements, it is clear that the eNB cannot schedule the UE during the measurement gaps. If the UE happens to be the only UE served by a cell, and the UE skips some measurement gaps, then eNB will not be able to use the skipped measurement gaps for scheduling and thus skipping  measurement gaps would indeed reduce resource usage efficiency and the cell throughputs (=UE thoughputs). 

However, in a real system, especially when it is desired to offload the traffic to an inter-frequency small cell, there will be multiple UEs served by a macro cell. In this scenario, UEs will be configured with different measurement gapOffsets. The subframes that are configured as measurement gaps for some UEs will not be measurement gaps for others. eNB can always use all subframes for scheduling, and there would be no wasted resources. In another word, the resource usage efficiency should not be a problem for Option 1 in real system, and there should not be any system performance loss from eNB perspective in case of plenty of UEs for potential offloading, as also pointed out in [11]. 
Impact of Option 1 on UE throughputs

From UE perspective, if a UE is the only one UE in a Cell, then as discussed before, eNB will not be able to use the skipped measurement gaps for scheduling for the UE, and thus skipping measurement gaps would indeed reduce resource usage efficiency and the UE’s maximum throughputs.
Again, for a real system, especially when it is desired to offload the traffic to an inter-frequency small cell, there will be multiple UEs served by a macro cell. It is unlikely for the eNB to allocated 100% of resources to a particular UE in whole measurement period, since all the UEs will share the total available resources. In this case, with different measurement gapOffsets for the UEs, the eNB will schedule each UE with its fair share, which is unlikely to be impact by measurement gaps. In another word, the actual scheduling opportunities for a UE would not be reduced due to the configured measurement gaps, and therefore, the throughputs of each UE would not be changed due to the configured measurement gaps.  
Therefore, unless there is only one UE that needs full resources for its data service and there is no other UE that needs resources for its data service, the data throughput for a UE in a real system would basically not be impact by skipping measurement gaps. Even if there is only one UE that needs full resources for its data service and there is no other UE that needs resources for its data service, the impact of the measurement gaps to the UE’s throughputs would be the same as legacy case when UE is configured with the measurement gaps for inter-frequency measurements.
Based on above analysis, we like suggesting Option 1 indicated in RAN2 LS as the base for define the relaxed requirements.

Proposal 1: Using existing measurement gap pattern with existing measurement gap repetition periods as base for defining new measurement performance requirements for measurements used for offloading purposes.
3 Summary 

In this paper, we discuss the option for defining new measurement performance requirements for measurements used for offloading purposes. Based on the analysis, we propose:
Proposal 1: Using existing measurement gap pattern with existing measurement gap repetition periods as base for defining new measurement performance requirements for measurements used for offloading purposes.
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