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1 Introduction
A new WID led by RAN4 has been approved in RAN #71 meeting [1]. According to WID objective:

· Specify shorter measurement gap length (MGL) for synchronous deployments
· Define new gap pattern configuration(s) and corresponding requirements, including (RAN4)

· E-UTRAN Inter-frequency measurement requirements

· E-UTRAN inter-frequency OTDOA measurement requirements
· It is noted that the impact on UE implementation complexity should be considered.
· Define the necessary signalling to enable the configuration of the new gap pattern configuration(s) (RAN2)

· Specify per-CC based measurement gap configurations

· Define per-CC based measurement gap configurations and requirements for monitoring of multiple layers using gaps depending on UE measurement capability (RAN4)

· Define the following requirements of monitoring of multiple layers using gaps including Rel-12 IncMon
· E-UTRAN Inter-frequency measurement requirements

· E-UTRAN inter-frequency OTDOA measurement requirements

· Use of multiple RF chains to perform measurements in parallel, depending on UE measurement capabilities
· Consider per CC/RF chain based UE measurement gaps capabilities
· It is noted that the impact on UE implementation complexity should be considered.
· Define the necessary signalling to enable the configuration of per CC measurements gaps (RAN2)

· Specify network controlled small gap (NCSG)

· Define new gap pattern configurations and the corresponding requirements (RAN4)

· The corresponding requirements should be specified based on NCSG and legacy 6ms gaps

· Define the necessary signalling to enable the configuration of this gap pattern (RAN2)
· It is noted that the impact on UE implementation complexity should be considered.
This contribution discusses and evaluates the burst gap pattern.
2 Discussion on the per-CC based measurement gap configurations
For offloading frequency layers, the performance requirements may not as tight as coverage frequency layers.  Therefore, it might be feasible to configure fewer gaps for some CC. In TR36.894, burst gap pattern (new gap pattern 2) could be used to reduce number of gaps needed for offload inter-frequency cell. It is recommended further study burst gap pattern for per-CC based measurement gap configurations.
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Figure1: Burst gap pattern per-CC configuration
2.1 Simulation evaluation on burst gap pattern compared to Rel-8 gap
2.1.1  Simulation assumptions

In the simulation, we model the UE measurement behavior of the burst gap pattern as following:

· If the UE is served by a macro cell:

· the UE measures the offloading frequency in the time interval T1 using the existing gap pattern 0 in TS 36.133;

· the UE suspends measuring on the offloading freqeuncy in the time interval T2 following the T1;

· the UE repeats the behavior in the above two sub-bullets.

· If the UE is served by a cell on offloading frequency:

· the UE measures the coverage frequency of macro cells using the existing gap pattern 0 all the time.

For release 8 gap the UE has no sufficient information (e.g. offloading cell deployment and the UE speed) to determine how to relax the measurement. However, in order to compare the UE throughput performance between the Rel-8 gap and the burst gap pattern, we assume that for the Rel-8 gap the UE takes the same measurement behavior as the burst gap pattern in this simulation. 

The main simulation assumptions are listed in the following Table 2.

Table 2 Main simulation assumptions
	 Items 
	Description 

	Carrier Frequency
	Macro cell: 2.0Ghz, Pico cell on offloading frequency: 3.5Ghz

	Pico cell number per macro cell
	1

	UE number per macro cell
	5

	UE speed
	3km/h

	Traffic model
	Full buffer

	Handover parameters
	A2/A4: -85dBm, A3: 3dB, 
K: 4, TTT: 160ms

	T1
	280ms 

(including 7 gaps, 2 for cell detection and 5 for RSRP measurement)

	T2
	720ms, 1720ms, 4720ms or 9720ms


2.1.2 Simulation results
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Figure 1 CDF of UE throughput in the solution I Rel-8 gap pattern and solution II burst gap pattern 

In figure 2, the UE throughput distributions are logged for each T2. From the figure we can observe that for all the values of T2, the UE throughput of the burst gap pattern is generally higher than that of the Rel-8 gap pattern. This is because the interruption on the macro cell due to inter-frequency measurements is minimised in the burst gap pattern but not in the Rel-8 gap.
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Figure 2 Average UE throughput of the solution I Rel-8 gap pattern and solution II burst gap pattern (Mbps)

The comparison of average UE throughput of solution I Rel-8 gap pattern and solution II burst gap pattern is shown in figure 2. 
When T2 becomes longer, the average UE throughput of the solution I descends, since the UE takes longer time for to detect the picos and the UE’s serving time in picos is reduced.

When T2 increases from 720ms to 1720ms, the average UE throughput of the solution II increases, but when the T2 increases from 1720ms to 4720ms and then to 9720ms, the average UE throughput of the solution II decreases. This phenomenon can be explained as follows. When T2 becomes longer, the eNB can schedule the UEs in more subframes, thus the average UE throughput of the solution II increases. However, with a longer T2, UEs will less frequently measure the another frequency of pico cells, thus this will decreases offloading opportunity in pico cells and reduces the average UE throughput of the solution II. As the T2 increasing from 720ms to 1720ms, the former positive influence dominates, while as the T2 further increasing longer from 1720ms to 4720ms and then to 9720ms, the later negative influence dominates.

From the figure, we can observe that the average UE throughput gain of the solution II compared to the solution I is about 9% when T2 is set to 720ms. The gain increases when the T2 becomes longer and finally it reaches about 18% when the T2 is extended to 9720ms, and the reason for the trend is that:

· In the burst gap pattern the interruption time on the macro cell due to inter-frequency measurement decreases as the T2 increasing.
· The interruption time does not decrease for the Rel-8 gap pattern since the macro cell always assumes the UE will not skip any measurement gap.
Proposal: Study the new gap pattern 2 “Burst gap pattern” in TR36.894 for per-CC based measurement gap configurations.  
3 Conclusion
This contribution discusses and evaluates the burst gap pattern.

Proposal: Study the new gap pattern 2 “Burst gap pattern” in TR36.894 for per-CC based measurement gap configurations.  
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