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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#76, more discussions were conducted on the enhancements of measurement gap patterns, including the asynchronous LTE systems [1, 2, 3]. A WF was agreed [4] with following statements: 

· Way forward for increased UE scheduling opportunity and/or reduced UE power consumption 
· It is beneficial to enhance the measurement gaps to increase UE scheduling opportunity and/or reduce UE power consumption
· Candidate proposals
· For both sync and async operation
· Burst gap pattern/periodical gap suspension (R4-154566/4754)
· Reduced MGL with configurable gap offset (R4-154160)
· Reduced Gap impact on UL scheduling (R4-154493)
· Reduced MGL with synchronized or coordinated PSS/SSS transmission (R4-153001/4365)
· Interested companies are encourage to provide evaluations in RAN4#77 on the candidate proposals at least from the following perspectives
· Inter-frequency identification delay
· Inter-frequency measurement delay
· UE scheduling opportunity for both DL and UL
· It can be equivalent to UE power consumption and/or DL/UL throughput loss due to configured gap, including both measurement gap and small gap

In this paper, we continue the discussion of measurement gap enhancements, with emphasis on asynchronous LTE systems.

Discussion
[bookmark: _Toc409103717]For synchronous LTE networks, which includes TDD and synchronous FDD LTE systems, it was clear that the measurement gap length can be reduced, e.g., from current 6ms to 2ms [5,6], due to all cells sends the PSS/SSS symbols synchronously, and a UE knows exactly when the PSS/SSS symbols from the cells are transmitted. 

For an asynchronous LTE system, the radio sub-frames of the cells are not synchronized with the maximum difference between subframes being 0.5ms. In addition, the transmissions of PSS/SSS subframes from the cells are also not coordinated, which results in the maximum difference 2.5ms between PSS/SSS subframes for any two cells. Thus, 6ms measurement gap is required in order to make sure each measurement gap contains a transmitted PSS/SSS subframe for any cells that the UE performs the inter-frequency measurements and cell identification.

In [1], it was proposed to reduce the measurement gap length for asynchronous LTE networks, by the coordinated transmission of the PSS/SSS subframes for the cells in an asynchronous LTE system. 

1. Coordination of the transmission of the PSS/SSS subframes among neighboring cells for asynchronous LTE networks. The purpose of the coordinated PSS/SSS transmission is to make the maximum transmission time differences of 1ms between the PSS/SSS subframes for any two cells. 

2. Based on the coordinated PSS/SSS transmission, a new measurement gap pattern with 3ms is proposed. Thanks to the coordinated PSS/SSS transmission, it becomes feasible to use 3ms measurement gap, which guarantees catching a transmitted PSS/SSS subframe for any cell that the UE intends to perform the cell identification and inter-frequency measurements.

A method of coordinating the PSS/SSS transmission was also proposed in [1] through message exchanges between the cells with X2AP interface [3GPP TS 36.423], where a new notification message may be introduced into X2AP interface standard for this purpose. When an unsynchronized LTE network wants to coordinate the transmission of the PSS/SSS subframes for all cells in a service area, it can let one cell (or more cells) to send the notification message for coordinated PSS/SSS transmission to all other cells in the area, requesting all receiving cells to adjust their transmission of the next PSS/SSS subframes to a common reference time point.

There can be multiple methods for the coordinating of the PSS/SSS transmission. In general, although the RF transmission of the cells in an asynchronous system is not synchronized, the cells may still have the absolute time information, since the cells needs to have those information to support other LTE function, e.g., sending  absoluteTimeInfo to UEs. Therefore, all cells may coordinate their PSS/SSS transmission with a reference time point without the use of the coordinating message. 
Observation 1: There can be multiple methods for the coordinating of the PSS/SSS transmission. Using notification message is just one of the approaches. Another example is that, the cells in an asynchronous system may have the common time information in order to serve UEs with other LTE features, such as supporting the measurement logging feature, where absoluteTimeInfo is needed to be sent to UEs. In this case, there is no need to use the coordinating message, and the cells can simply coordinate the PSS/SSS transmission to the common time point by implementation. 
Note: The fundamental difference between the coordination of the PSS/SSS subframes in an asynchronous LTE system and a synchronous LTE system is that the latter requires precise radio subframe time synchronization between cells to micro-seconds level, while the former does not have such requirements.
With the reduced MGL with synchronized or coordinated PSS/SSS transmission, a common measurement gap formula can be used for both synchronous and asynchronous LTE systems, as proposed in [6]: 
· Measurement gap period (MGP)=40*n, n={1, 2, ..., N}, where
·  N={1,2} for existing MG patterns
·  N> 2 for enhanced new patterns
· Measurement gap length (MGL)={2,3,6}, where
·  MGL=6 for existing measurement gap patterns
· MGL=2 for enhanced measurement gap pattern for synchronous LTE systems
· MGL=3 for enhanced measurement gap pattern for asynchronous LTE systems


Furthermore, the reduced MGL with synchronized or coordinated PSS/SSS transmissions, may also be combined with the other measurement gap enhancement approaches, such as the burst gap pattern/periodical gap suspension [4], to further improve the measurement efficiency and UE power savings.

The advantages of the proposed approaches are obvious, which can be shown in the following table:

Table 1: Advantages of the proposed approaches

	
	Reduced MGL with synchronized LTE
	Reduced MGL with asynchronized LTE

	Inter-frequency identification delay

	No impact on identification delay.
No need to redefine the identification delay requirements
	No impact on identification delay
No need to redefine the identification delay requirements

	Inter-frequency measurement delay

	No impact on measurement delay.
No need to redefine the measurement delay requirements
	No impact on measurement delay.
No need to redefine the measurement delay requirements

	UE scheduling opportunity for both DL and UL

	MGL is reduced from 6ms to 2ms.  UE DL/UL scheduling opportunity is increased about 6 subframes per measurement gap period.
	MGL is reduced from 6ms to 3ms.  UE DL/UL scheduling opportunity is increased about 4 subframes per measurement gap period.

	UE Power  consumption

	Less UE power savings with no DRX.
With DRX, more UE power savings with DRX.
	Less UE power savings with no DRX.
With DRX, more UE power savings with DRX.




Summary 
In this paper, we further discussed the enhancement of the measurement gap pattern with reduced measurement gap. It pointed out that 
1. There can be multiple methods for the coordinating of the PSS/SSS transmission. Using notification message is just one of the approaches. Another example is that, the cells in an asynchronous system may have the common time information in order to serve UEs with other LTE features, such as supporting the measurement logging feature, where absoluteTimeInfo is needed to be sent to UEs. In this case, there is no need to use the coordinating message, and the cells can simply coordinate the PSS/SSS transmission to the common time point by implementation. 
2. The reduced MGL with synchronized or coordinated PSS/SSS transmission  may also be combined with the other measurement gap enhancement approaches, such as the burst gap pattern/periodical gap suspension, to further improve the measurement efficiency and UE power savings
3. A common measurement gap formula can be used for both synchronous and asynchronous LTE systems for both legacy and enhancement measurement gap patterns , as proposed in [6], which is restated as follows:
a. Measurement gap period (MGP)=40*n, n={1, 2, ..., N}, where
i.  N={1,2} as existing MG pattern period
ii.  N> 2 (TBD) for further power saving and scheduling opportunity
b. Measurement gap length (MGL)={2,3,6}, where
i.  MGL=6 for existing measurement gap patterns
ii. MGL=2 for enhanced measurement gap pattern for synchronous LTE systems
iii. MGL=3 for enhanced measurement gap pattern for asynchronous LTE systems
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