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1 
Introduction
In RAN4#76, good progress has been made with the corresponding WF agreed in [1]. One of 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

2 Further discussion and simulations on the reduced measurement gap length
In [3], a new measurement gap configuration with shorter MGL for both async and sync operations are illustrated in Figure 1-3, with different MGL (e.g. 4ms, 3ms and 2ms) assumed. 
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Figure 1: Illustration of proposed measurement gap configuration with MGL=4ms
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Figure 2: Illustration of proposed measurement gap configuration with MGL=3ms
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Figure 3: Illustration of proposed measurement gap configuration with MGL=2ms
· Study on inter-frequency identification

Depending on MGL, the measurement gap overhead can be significantly reduced. The inter-frequency cell identification and measurement performances are investigated with the reduced MGL proposals.  

Table 1: Cell identification delay in terms of number of gaps required to identify an inter-frequency cell
	
	Existing measurement gap
	Proposed measurement gap with 2ms MGL
	Proposed measurement gap with 3ms MGL
	Proposed measurement gap with 4ms MGL

	
	90%
	90%
	90%
	90%

	AWGN
	10
	28
	18
	14

	EPA5
	31
	91
	59
	43

	ETU80
	20
	58
	41
	28

	Relative cell identification delay increase
	1
	185%
	93%
	39%


Due to reduced MGL, the maximum PSS/SSS detection window is increases by 200%, 300% and 500%, when MGL is 2ms, 3ms and 4ms, respectively. This potentially increases the inter-frequency identification delay. As shown in Table 1, when MGL is reduced to 2, 3 and 4ms from 6ms and Nfreq=2, the corresponding cell identification delay is increased by 185%, 93% and 39% in average. The corresponding simulation assumption in given in the appendix. The reason why the cell identification delay is not proportional to PSS/SSS detection window can be explained as follow. When the to-be-identified inter-frequencies are asynchronous, there is a good chance that their PSS/SSS pairs are shifted. That means multiple inter-frequencies can be identified within the same PSS/SSS detection window. When Nfreq is increased, the difference between the existing and the proposed configurations are expected to be further reduced. 

Observation 1: Due to reduced MGL, inter-frequency identification delay is increased. However, the identification delay difference between the existing and proposed configurations are expected to be reduced when Nfreq is increased.  

Since the background searching in HetNet mobility scenarios is the main concern of this study, increased inter-frequency identification delay is expected and tolerable. More importantly, the corresponding UE scheduling opportunity/power consumption should matter more. Regarding the scheduling opportunity, it can be quantified by the number of subframes occupied by the measurement gaps with in the maximum inter-frequency identification delay
Table 2: Comparison of inter-frequency identification delay and required subframes for measurement gap 
	
	Existing measurement gap
	Proposed measurement gap with 2ms MGL
	Proposed measurement gap with 3ms MGL
	Proposed measurement gap with 4ms MGL

	
	90%
	90%
	90%
	90%

	Relative cell identification delay increase
	1
	185%
	93%
	39%

	Normalized # of SF occupied by measurement gaps
	1
	0.95
	0.95
	0.93


Observation 2: The UE scheduling opportunity is slightly improved with proposed reduced MGL configurations. When Nfreq is increased, more gain is expected.  

Regarding the power consumption, it can be quantified by the effective number of subframes UE need to buffer and search. Figure 4 depicts the case with MGL of 4ms and the adjacent measurement gap has a fixed offset of 2 subframes. There are three difference possible scenarios to be considered
1. UE has identified no PSS/SSS pair in the “searching zone 1” in the measurement gap A. In the measurement gap B, “search zone 3” can be skipped.
2. UE has identified PSS/SSS pair in the “searching zone 1”. In the next measurement gap, “search zone 4” can be skipped.

3. UE has identified PSS/SSS pair in the “searching zone 2”. In the next measurement gap, both “search zone 3” and “search zone 4” can be skipped. In other words, UE can save the measurement gap B for other inter-frequency identification.
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Figure 4: Illustration of cell identification with the proposed reduced MGL (4ms) configuration
As a result, the number of subframe UE has to search during cell identification with MGL of 2, 3 and 4ms can be saved by about 20%, 40% and 40%, compared to the existing system.
Observation 3: Cell identification complexity/power consumption in terms of number of subframes to search can be significantly reduced with the proposed reduced MGL configurations. 
· Study on inter-frequency measurements
Once that frequency layer is identified, the corresponding measurement delay is investigated. In [2,3], it is pointed out, reduced MGL should not impact on 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). In Table 3, the simulations of inter-frequency measurements are summarized. 

Table 1: Cell measurement accuracy within measurement period [4]
	
	Existing measurement gap
	Proposed measurement gap with 2ms MGL
	Proposed measurement gap with 3ms MGL
	Proposed measurement gap with 4ms MGL

	
	5%~95%
	5%~95%
	5%~95%
	5%~95%

	AWGN
	-0.8dB~0.7dB
	-0.8dB~0.7dB
	-0.8dB~0.7dB
	-0.7dB~0.7dB

	EPA5
	-1.2dB~0.9dB
	-1.2dB~0.9dB
	-1.2dB~0.9dB
	-1.2dB~0.9dB

	ETU80
	-1.2dB~1dB
	-1.3dB~1dB
	-1.1dB~1dB
	-1.3dB~1dB


As shown in Table 4, no performance degradation due to reduced MGL is observed within the existing measurement period. 

Observation 4: no performance degradation due to reduced MGL is observed within the existing measurement period.

With the same cell measurement performance, the proposed measurement gap configuration can save DL resources used for inter-frequency measurement by 67%, 50% and 33% with MGL of 2ms, 3ms and 4ms.Observation 5: Compared with existing measurement gap configuration, the proposed reduced MGL configurations can significantly reduce the number of subframes occupied by the measurement gap. As a result, both UE scheduling opportunity and/or power consumption can be greatly improved. 
Proposal: it is agreed to introduce reduced MGL measurement gap configurations for both sync and async operations.
3 Conclusion
In this contribution, some further study and simulations are presented on the reduced MGL configurations. It is observed that

Observation 1: Due to reduced MGL, inter-frequency identification delay is increased. However, the identification delay difference between the existing and proposed configurations are expected to be reduced when Nfreq is increased.  

Observation 2: The UE scheduling opportunity is slightly improved with proposed reduced MGL configurations. When Nfreq is increased, more gain is expected.  

Observation 3: Cell identification complexity/power consumption in terms of number of subframes to search can be significantly reduced with the proposed reduced MGL configurations. 
Observation 4: no performance degradation due to reduced MGL is observed within the existing measurement period.

Observation 5: Compared with existing measurement gap configuration, the proposed reduced MGL configurations can significantly reduce the number of subframes occupied by the measurement gap. As a result, both UE scheduling opportunity and/or power consumption can be greatly improved. 

As a result, it is proposed
Proposal: it is agreed to introduce reduced MGL measurement gap configurations for both sync and async operations.
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5 Appendix: Simulation assumptions
	Parameter
	Unit
	Value

	E-UTRA RF Channel Number
	
	1, 2,3

	Channel Bandwidth (BWchannel)
	MHz
	10

	Active cell
	
	Cell 1 (f0)

	Neighbour cell
	
	Cell 2 (f1),3(f2)

	SNR
	
	Cell 1: 0dB, cell 2/3:-4dB 

	Cell ID
	
	Randomly selected

	Gap Pattern Id
	
	0

	CP length
	
	Normal

	DRX
	
	OFF

	Time offset between cells
	
	Async operation

	Antenna configuration
	
	1x2

	Propagation channel
	
	AWGN, EPA05 and ETU80
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