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1 Introduction

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

In RAN4 #68 meeting, the relaxed requirement for Hetnet was widely discussed among the interested companies [2]-[6]. Based on the efficient discussions, a wayforward was also agreed in last meeting in [7]. The issues need to be investigated in RAN4 #68bis meeting can be listed as:
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 

In this contribution, we continue to analyze this issue on the impacts of longer measurement periodicity for inter-frequency from RRM respects in terms of power consumption and system throughput theoreticly. Moreover, the scenario of inter-frequency deployment case was also discussed to validate the feasibility of the relaxed requirements for Hetnet system. 
2 Discussions

In this section, we will give the detailed analysis for the feasibility of the relaxed requirements and the different gap pattern options.

2.1
Feasibility of relaxing RRM requirements
In TS 36.133, the requirements are defined for the different features. In general, the relaxing RRM requirements are always defined for the following cases:

1.
Case 1: The side condition is changed when new feature is introduced (e.g., eICIC, & FeICIC)


2.
Case 2: Not related to mobility performance, and could be benefit save UE’s battery (e.g., De-activated Scell Measurement Cycles in CA)


3.
Case 3: In DRX, the non-decreasing latency with the DRX cycle increases.
For the small cell offloading purpose, it is different from the above three cases. First of all, no side condition (e.g., CRS Es/Iot or SCH Es/Iot) is mentioned in RAN2’s LS and RAN2’s researches. Secondly, to sve the UE’s battery is a good point to define the relaxing RRM requirements; however, the precondition is that, the mobility performance shall be not impacted. For the CA feature, the mobility is only related to the PCell, thus, UE can implement the relaxed measurement cycle of SCell if it is de-activated. However, if the relaxed RRM requirements are adopted, the mobility performance shall be definitely impacted. Besides, from our understanding, even if the relaxing inter-frequency measurement requirements could save part of UE’s power, we do believe that this power saving gain is quite limited. As we declared that, when the RF chain is turned on, most of the power will be consumed. 
Therefore, based on the analysis, our view is that, it is not reasonable to define the relaxing requirements for inter-frequency measurements requirements for small cells, since the mobility performance will be impacted definitely and the power saving gain is quite limited.
2.2
Feasibility of gap pattern
In this sub-section, we’ll discuss the feasibility of the different gap pattern.

· Option 1: Existing measurement gap patterns (#0 or # 1) 
For this option, the analysis can be based on the following Figure 1.
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Figure 1. UE activities in Option 1
When a measurement gap pattern is configured to UE by network for inter-frequency measurement purpose, UE should create 6ms gap during every measurement gap period to perform inter-frequency measurement, e.g., 6ms gap within 40ms gap period. 

For this option, legacy gap patterns are utilized and UE may ignore some of the gaps, in which means the UE shall stop doing anything as shown in Figure1, UE battery can be saved to some extent due to the unused gaps. However, this approach leads to losing scheduling opportunity of network side, and the inter-frequency detection performance will be also impacted. Then, the total system throughput will be negatively impacted. 

If the singnaling is enhanced for this option, which means, the network can inform which and when the gaps shall be missed, then the network can utilize these gaps for scheduling. Thus, the system throughput may NOT be impacted. However, when the UE is scheduled in the unused gaps, the UE battery will be NOT saved; moreover, the signalling overhead is increased. 
Therefore, this option is NOT feasible.
· Option 2: New measurement gap pattern with longer periodicity
For this option, the analysis can be based on the following Figure 2.

It seems that, this option may be the best one among Opions 1-3. However, it still has obvious drawnbacks.
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Figure 2. UE activities in Option 2
First of all, if the relaxed measurement gap repetition period (MGRP) is used, the total cell identification time will be extended a lot. For the 10km/h to 60km/h UEs, it may go across the small cell, or, it may already go into the small cell’s coverage for a long time; however, it shall still connect with the Macro cell for the transmission. From this point, the power consumption will be increased because the uplink transmission power is larger when the UE is connecting with Macro node under this case. This point is not considered in RAN2’s study.
Secondly, for the longer repetition period, we analyze the power consumption compared with the case that UE is doning inter-frequency measurement and the case for doing other actions. The saved power is quite limited.

Thirdly, for this option, it still leads to a lot of signaling overhead. The network shall inform the relaxed measurement period to the UE. And after the UE reported the cell, even if both UE and network known the target cell is the small cell, then, it shall continue to configure the legacy gap pattern for the legacy measurement based on RAN2’s study. In actual networks, it’s difficult to differenciate the different types of eNBs for UE(e.g., Macro eNB and small cell). Moreover, some operators will have the scenarios in future networks that, the neighour Macro could use the same frequency resource as the small cells. Therefore, the relaxed measurement configuration can not apply for the neighour Macro eNB.
Therefore, this option is NOT feasible.

· Option 3: UE autonomous gaps
This option is not a good solution. First, it only applies in DRX status, then, how about the non-DRX case? Second, since the UE adopts the autonomous gaps, the networks can not control the UE very well, how to guarantee the network’s performance in such a long cell identification time if the relaxed measurement period is adopted?
Therefore, this option is NOT feasible.

· Option 4: The above options (Options 1-3) are not feasible
Based on the above analysis, from our point of view, all the above options are NOT feasible. Another issue is that, in [3], CMCC provided their candidate deployment scenario in future system. It is quite possible that the small cells use the same frequency resource with the neighbouring Macro cell. Currently, this solution, i.e., relaxed measurement requirements can not solve this problem.
Therefore, our view is that:


Option 4 can be as the baseline answer to give the response to RAN2.

2.3
Types of relaxed requirements
Based on the previous discussion, we think that the precondition, i.e., the relaxed measurement requirements, NOT exists. Thus, it’s meaningless to discuss the any types of relaxed requirements. 
However, focus on this issue only, from our point of view, it not quite related for the cell identification and RSRP/RSRQ measurement requirements for small cells. For current R8/R9 interf-requency measurements, the basic identification time is 480ms; however, it doesn’t mention that how much time is cost for cell search, and how much time is cost for the first RSRP/RSRQ measurement. Therefore, based on the discussion and understanding in RAN2, also considered the RAN4’s specifications, it’s reasonable to define the relaxed cell identification requirements only other than both cell identification and RSRP/RSRQ measurement.
3 Conlusion
In this paper, we discuss the feasibility of the relaxed requirements, feasibility of the gap patterns. According to our analysis, the conclusion is that, the OPTION 4 is reasonable, i.e., none of the RAN2’s solutions are feasible.

Based on this discussion paper, we provided the draft response LS to RAN2 in [8].
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