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1 	Introduction
In RAN4#75, good progress has been made with the corresponding WF agreed in [1]. One of the agreements is striving to define unified measurement gap configurations for both sync and async networks. In this contribution, measurement gap enhancement for the Hetnet mobility enhancement scenarios is further discussed. The design criteria is still about how to increase UE scheduling opportunity and/or reduce UE power consumption for background searches for offload cells.
2 Background of Hetnet mobility enhancement
In HetNet mobility study, inter-frequency small cell discovery has been investigated with reduced UE power consumption and/or improved UE scheduling opportunities considered. The feasibility and method to reduce the power consumption were extensively discussed in RAN4. The considered scenario comprises of two carriers – one with macro cell for coverage purpose and another with small cells for offloading purpose. UE is configured to do inter-frequency measurements on the offloading layers. Since measuring offloading layers is not critical for both mobility and connectivity operations of UE. RAN2 [2] has suggested relax the requirement for offloading layer measurement. Based on previous discussion in RAN4, a general solution is to reduce the resources in term of subframes used for measurement gap from the existing measurement gap configuration. The existing designs can be classified to two options
· Evenly distributed measurement gap with larger MGRP
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Unevenly distributed measurement gap with short MGRP [3]
3 	Some considerations on burst gap pattern 
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[bookmark: _GoBack]Figure 1 : Burst gap pattern [3]

As one of potential solutions, burst gap pattern [3] has been proposed with unevenly distributed measurement gap to reduce the percentage of the DL resources used for inter-frequency/inter-RAT measurements. With this, the UE scheduling opportunity can be improved for full buffer UE. Or, the UE power consumption can be potentially saved for low load UE . However, there is still lack of concrete burst gap pattern design and several issues regarding the burst gap pattern need to be clarified.   

Due to the concerns on AGC issue as well as the robustness of cell identification, it is typically assumed that cross-burst measurement/identification is not practical. Also, since the burst length can be in a scale of second rather than millisecond, cross-burst measurement may not be able to represent the real channel and interference condition. In other words, carrier identification and measurement for a specific carrier should be completed within a single burst. If it is not completed within the burst, the corresponding measurement could be discarded. Therefore, it is wasteful of the related gaps/power used for incomplete measurements. This can be considered as one of defectiveness of burst gap pattern compared to the existing measurement gap configurations. Based on the existing requirements, the number of gaps required for a single carrier identification can be as large as 480/5=96. However, in many cases where SNR condition is good, it may require much less number of measurement gaps than the minimum requirement. 
· For example, 96 gaps per burst are assumed to guarantee at least an inter-frequency carrier can be identified within a single burst. There are two carriers to be identified: C1 and C2. Since these two carriers have different received SNR, it is assumed the number of gaps required for C1, C2 carrier identification are 50 and 96, respectively. When UE starts measuring C2, the related identification can be done within one burst and C1 measurement can be done in the following burst. However, when UE starts with C1 measurement, C1 can be identified with 50 out of 96 gaps in that burst. The remaining 46 gaps are used for C2 measurement. Obviously, C2 identification cannot be completed within the same burst. That means 46 out of 96 gaps in that burst can potentially be discarded. From both UE scheduling opportunity and power consumption perspective, it is obviously not ideal.   

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Observation 1: Burst gap pattern demonstrates some potential to address the issue of background searches for offload cells. However, it is not practical to do the cross-burst measurement due to long burst length, which can impact AGC adjustment, cell identification and measurement accuracy.
 
Observation 2: It is very likely that some gaps in a burst are used for certain carrier identification/measurement, which cannot be completed within a single burst. In this case, the efficiency of the burst gap pattern can be negatively impacted.  

Obviously, it is desirable to reduce the number of gaps used for carrier identification/measurement, which cannot be completed in a single burst. To do so, carrier identification/measurement has to be done in a sequential fashion. That means the measurement for one carrier has to be held until the other carrier measurement is completed. An inherent issue with sequential measurement is the loss of time diversity. Meanwhile, this also means restricted UE implementation, which is not desirable either.     
 
Observation 3: Carrier identification/measurement with burst gap pattern has to be done in a sequential fashion. The related time diversity is reduced. To some extent, it also means restricted UE implementation. 
4 New measurement gap configuration for background search for offload cells
In [4], a new measurement gap configuration is proposed and illustrated in Figure 2-4, with different MGL (e.g. 4ms, 3ms and 2ms) assumed. 
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Figure 2: Illustration of proposed measurement gap configuration with MGL=4ms
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Figure 3: Illustration of proposed measurement gap configuration with MGL=3ms
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Figure 4: Illustration of proposed measurement gap configuration with MGL=2ms
Depending on MGL, the measurement gap overhead can be significantly reduced. This also means improved scheduling opportunity for full buffer UE and reduced power consumption for low-load UE. 

Compared to the legacy measurement gap configurations, the proposed one can reuse the MGRP to ease the AGC concern. Due to reduced MGL, the PSS/SSS searching window is increases. This potentially increases the inter-frequency identification delay. However, once that frequency layer is identified, the corresponding measurement delay should be the same as the legacy system. This is because the measurement delay and accuracy can be maintained even with shorter MGL (e.g. as short as 1 subframe). This feature is especially important when the measured frequencies are mixed of coverage and offloading layers.
More importantly, the proposed measurement gap configuration can save DL resources used for inter-frequency measurement by up to 70%, when MGL is reduced from 6ms to 2ms. The corresponding power saving and/or UE scheduling opportunity improvement are significant. 

The same as the existing measurement gap configuration, the proposed solution does not restrict any specific UE implementation. Compared to burst gap pattern, there is no cross-burst measurement issue. Since there is no discard measurement or measurement gap, the high measurement efficiency can be maintained. 

Based on some discussions, we think the enhanced measurement gap configurations are desirable to have the following features:
· Reduced MGL
· Evenly distributed measurement gap pattern
· Medium MGRP
· Compatibility in both sync and async networks
 
5 Conclusion
In this contribution, some further consideration on measurement gap enhancement for Hetnet scenarios is discussed. The observation on burst gap pattern can be summarized as 

Observation 1: Burst gap pattern demonstrates certain potential to address the issue of background searches for offload cells. However, it is not practical to do the cross-burst measurement due to long burst length, which can impact AGC adjustment, cell identification and measurement accuracy. 

Observation 2: It is very likely that some gaps in a burst are used for certain carrier identification/measurement, which cannot be completed within a single burst. In this case, the efficiency of the burst gap pattern can be negatively impacted.  

Observation 3: Carrier identification/measurement with burst gap pattern has to be done in a sequential fashion. The related time diversity is reduced. To some extent, it also means restricted UE implementation.
proposals to address this issue can be generally classified into two options

Proposal: it is proposed the enhanced measurement gap configurations are desirable to have the following features:

· Reduced MGL
· Evenly distributed measurement gap pattern
· Medium MGRP
· Compatibility in both sync and async networks
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