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1 
Introduction
In RAN4#68 meeting, a LS [1] from RAN2 requesting RAN4 to provide response on the feasibility of gap pattern options in HetNet below.

· 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;

And RAN4 had extensive discussion on these options over previous meetings [2]~[8]. And a LS out from RAN4 [9] concluded that Options 1 is not efficient and Option 2 and3 in HetNet are not feasible. Therefore in this contribution some further considerations on the gap pattern regarding to HeNet deployment are provided.
2 
Background
The inter-frequency measurement requirement on the maximum time of cell identification and RSRP/RSRQ measurement for FDD in [10] are given as:  
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Here 
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 is minimum available time for inter-frequency and inter-RAT measurements during 480ms period [10]. Thus if the new gap pattern design with shorter 
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3 
Further considerations

In current spec [10] UE’s measurement gap patterns for inter-frequency measurement are same in all frequencies layers. 
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 Figure 1. Measurement gap pattern
According to theHeNet scenarios in LTE as shown in Figure 2 [11], the frequency layers to be measured can be classified as three catagories: 

· Coverage layer only 
· Offloading layer only

· Coverage layer + Offloading layer

Observation 1:  Given Different frequency layers may experience verydifferent sensitivities to the time latency,, it is reasonable that different frequency layers should have different inter-frequency measurement requirements
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Fig 2. Inter-frequency measurement in HetNet
Obviously, more efficient inter-frequency measurement mechanism can be achieved if the unique RRM requirements for different frequency layers can be acomondated. In the small cell offloading discussion, two major issues concern the measurement gap pattern design. One is how to save UE power consumption and/or increase UE scheduling opportunity when there are offloading only frequency layers. The other is how to make sure the offloading layer performance requirement relaxation does not jeopardize the coverage layer measurement delay. Moreover, a new WI [ref] is agreed in the last plenary meeting to increase the number of frequency to monitor by UE. This essentially further challenges the existing measurement gap pattern. As a result, the current measurement gap pattern for inter-frequency measurement should be re-investigated. 
One straightforward solution can be configuring different MGRP for the different frequency layers with different measurement performance requirements. More specifically, the coverage layers and offloading layers can be independently monitored with different measurement gap patterns.  Such alternatives can provide following benefits compared with the existing  one [10].

· Time delay performance:
· As the coverage layers are independently monitored from the offloading layer, the corresponding measurement delay can be reduced in the sense that the total number of monitored frequency layers is reduced.
· For power saving purpose, the MGRP for offloading layer is desired tobe extended from the coverage layer one. This seems to increase the measurement time in the offloading layer. However, the offloading layers typically enjoy good Geometry. It is reasonable to assume the required measurement time for offloading layer is shorter than the one for coverage layer in average. In other words, the offloading layer can take less number of measurement gaps for the measurement. This effectively reduces the impact of enlarged MGRP. Also, it is well understood that the offloading layer is less time sensitive than the coverage layer. As a result, the measurement time delay is not a primary concern for the offloading layer.

· Power saving and UE scheduling opportunity: The measurement gap matters from both power consumption and UE scheduling opportunity perspectives. More flexible MGRP and measurement gap pattern provide the network/UE freedom to reduce the UE power consumption and improve the UE scheduling opportunity if necessary.
As an example, a simple case study has been done to check if multiple measurement gap pattern (MGP) can benefit the performance. Two cases are considered. One is the UE can only be assigned with a single measurement gap pattern with MGRP=40ms. In the second case, UE can simultaneously have two measurement gap patterns assigned with MGRP=80ms and 160ms respectively. For both cases, 4 inter-frequencies, two coverage layer and two offloading layer are considered. 
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	Gap density

(impact on Throughput and Power consumption)
	Max. delay

	
	
	Two frequencies used for offloading layer only

	Case 1 with existing MGP
	4 gaps/160ms
	15360ms

	Case 2 with multiple MGP
	3 gaps/160ms
	Group1/Group2:2/2
	Coverage layer:15360ms

Offloading layer: 30720ms



	Relative Gain
	25%
	Max. coverage layer delay: 0%


As shown in the case study, it is observed

Observation 2:  multiple MGRP can provide the flexibility to facilitate rebalancing the gap density, which concerns more on the power and UE scheduling opportunity, and the maximum measurement delay, which matters in case of coverage layer. Such functionality becomes even more important when the number of inter-frequency to monitor gets increased as proposed in [WI]. Compared to the burst measurement gap proposal in [E///], the measurement gap scheduling is even more flexible and versatile. Also, it is preferable to keep the measurement gaps uniformly distributed in the time domain. This essentially makes the measurement more robust in case of deep fade. 
Based on the analysis above, it is proposed:

Proposal 1: More flexible measurement gap pattern design should be considered. The concerned aspects include, but not limited to, measurement gap length, MGRP and multiple measurement gaps assignments.    
4 
Conclusion
In this contribution we provide some further consideration about the measurement gap pattern in E-UTRA inter-frequency measurement in the HeNet deployment. 

Based on the study and analysis, it is observed
Observation 1:  Different frequency layers may experience very different sensitivities to the time latency depending on their characteristics. As a result, it is reasonable that different frequency layers should have different inter-frequency measurement requirements
Observation 2:  multiple MGRP can provide the flexibility to rebalance the measurement gap density, which concerns more on the power and UE scheduling opportunity, and the maximum measurement delay, which matters in case of coverage layer. Such functionality becomes even more important when the number of inter-frequency to monitor gets increased as proposed in [WI]. Compared to the burst measurement gap proposal in [E///], the measurement gap scheduling is even more flexible and versatile. Also, it is preferable to keep the measurement gaps uniformly distributed in the time domain This essentially makes the measurement more robust in case of deep fade. 

Consequently, it is proposed 
Proposal 1: More flexible measurement gap pattern design should be considered. The concerned aspects include, but not limited to, measurement gap length, MGRP and multiple measurement gaps assignement.    
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