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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#75, more discussions were conducted on the enhancements of measurement gap pattern. A WF was agreed [1] with following statements: 

· Strive to define unified measurement gap configurations for both sync and async networks. 
· Dedicated measurement gap configurations can be defined for synchronous networks only, if enough gain is justified 
· Study of MGL reduction for asynchronous network is not precluded.
· Study of burst gap pattern/periodical gap suspension is not precluded
· Study of reduced Gap impact on UL scheduling is not precluded
· Network controlled small gap (NCSG) and/or measurement gap (e.g. legacy 6ms gap) can be configured
· NCSG is primarily used to reduce the Ack/Nack missing rate due to PCell/SCell/PSCell interruption
· Measurement gap is primarily used for inter-frequency and inter-RAT measurement and can also be used to control the interruption
· Interruptions caused by deactivated SCell measurement, intra-band interfrequency measurement, inter-band interfrequency measurement, and interRAT measurement may be considered
· The parameters for small gap are FFS
· Companies are encouraged to specify the use cases associated with their proposals
· Both CA/sync DC and async DC should be considered in the SI
· Operators and interested companies are encouraged to provide further analysis on the system impact, benefit and feasibility
· Evaluation criteria on the measurement gap enhancement include  
· 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
· PCell/SCell interruption rate
· It can be quantified by Ack/Nack missing rate
· Signaling overhead and feasibility
· Other UE and network impact, including but not limited to AGC adjustment, implementation complexity and flexibility

In this paper, we continue the discussion of the measurement enhancements according the agreed WF, with focus on the extending the reduced measurement gap length configuration [2,3], which was proposed for synchronous LTE systems, to asynchronous LTE systems.

Discussion
Reduced measurement gap length for synchronous LTE networks
It was proposed that in [2,3] the measurement gap length can be reduced from current 6ms to 1~2ms for synchronous LTE networks, which includes TDD and synchronous FDD LTE systems. In a synchronous LTE network, all cells sends the PSS/SSS symbols synchronously, and a UE with whose timing synchronized to the network time knows exactly when the PSS/SSS symbols from the cells are transmitted. Therefore, the UE does not need whole 6ms measurement gap to search blindly the PSS/SSS, and thereby feasible to configure a short measurement gap for the UE to search for the PSS/SSS signals of inter-frequency cells.
[bookmark: _Toc409103717]
The benefits of shorter measurement gap are obvious, including [2,3]:

· Enhance inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE. From inter-frequency identification and measurement point of view, the performance of the proposed shorter measurement gap length should be the same as legacy measurement gap length under the same gap period configuration, since both have exactly the same opportunity for measuring PSS/SSS signals for both IncMon and non-IncMon UE.

· Increase UE scheduling opportunity. UE scheduling opportunity is significantly increased. For example, a 6ms measurement gap will impact DL UE scheduling opportunity for 10 subframes for FDD. If the measurement gap is reduced to 2ms the DL service interruption will be reduced to only 5ms. Similar conclusion can be obtained fro TDD and also for UL scheduling.

· Reduce UE power consumption. Significant reduction of UE power consumption is obvious from the reduction from 5ms to blindly searching for the PSS/SSS to 1ms measurement (assuming the same UE power is consumed during the 1ms RF chain activation/deactivation). 

Reduced measurement gap length for asynchronous LTE networks
For an asynchronous LTE system, the radio sub-frames of the cells are not synchronized, and the transmissions of PSS/SSS subframes from the cells are also not coordinated. Thus, 6ms measurement gap is in general required in order to make sure each measurement gap contains a transmitted PSS/SSS subframe for any cell that the UE performs the inter-frequency measurements and cell identification (See Figure 1).


Figure 1: A 6ms measurement gap is in general needed in an asynchronous LTE network in order to guarantee that a PSS/SSS subframe is contained in a measurement gap.

In this following, we propose a new approach for reducing the measurement gap length for asynchronous LTE networks, without sacrificing the cell identification and inter-frequency measurement performance. The approach includes two aspects:

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 the PSS/SSS subframes for all cells within 1ms (1 subframe). 
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.

The purpose of the coordinated PSS/SSS transmission is to make the maximum transmission time differences of the PSS/SSS subframes for all cells in a service area of an asynchronous LTE system be limited within 1ms (1 subframe). There can be actually multiple methods to realize this goal. One efficient solution proposed here is through message exchanges between the cells with X2AP interface [3GPP TS 36.423, 3]. A new notification message will be added into X2AP interface 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. For example, the notifying cell may send notification message right before transmitting its own PSS/SSS subframe the common reference time can be defined based on the time when the cells receiving the notification message. The, all the receiving other cells can adjust their next PSS/SSS subframes to the subframes immediately following 5ms after the notification time (as shown in Figure 2). In this way, the transmission of PSS/SSS subframes for all receiving cells are coordinated within 1 subframe (1ms) after the PSS/SSS subframes of the notification cell. In this way, the maximum time difference of PSS/SSS subframes between any two cells is within 1ms after the coordination.


Figure 2: After the coordination, the maximum time difference of PSS/SSS subframes between any two cells is limited to 1ms.

In general, cell clocks are very stable, and thus, the coordination of the transmission of the PSS/SSS subframes among neighbouring cells needs only be performed very infrequently.
This PSS/SSS transmission coordination creates the possibility to reduce the measurement gap length. As shown in Figure 3, after PSS/SSS transmission coordination, the network can configure the UE with a 3ms measurement gap centred at the PSS/SSS subframe of serving cell (note: UE is time-synchronized to the serving cell in connected state, so the measurement gap is associated with the serving cell time), which should  guarantee covering the PSS/SSS subframe of any other cells, since the time differences of PSS/SSS subframes for all cells are coordinated to be within 1ms.



Figure 3: After PSS/SSS coordination, a 3ms measurement gap with PSS/SSS subframe in the center of the gap should  guarantee covering the PSS/SSS subframe of any other cells.

Since UE needs additional time to adjust RF chain from one carrier to another carrier (a.k.a., RF tuning) before starting inter-frequency measurement, the UE may not have the whole 3ms measurement gap for the measurement of the PSS/SSS signals. Thus, we will need to look more closely on whether the 3ms measurement gap is wider enough for UE to measure the PSS/SSS signals contained in the PSS/SSS subframes.
Let us take a look at the worst situation in which the PSS/SSS subframe for a target cell to be measured has the maximum 1ms time difference with the PSS/SSS subframe for the serving cell (Figure 4). In this case, the PSS/SSS subframe for the target cell to be measured overlaps with the first subframe of the measurement gap. It requires the UE to complete the RF tuning for the target cell before receiving the PSS/SSS symbols of the target cell.
Figure 4 shows the PSS/SSS symbols for LTE FDD with normal cyclic prefix (CP) format (Note: All LTE TDD systems are time-synchronized). The PSS/SSS symbols are located in last two OFDM symbols of the first half of the PSS/SSS subframe. Thus, for normal CP format, a UE has at least 357 micro-seconds (5 OFDM symbols including CPs) for the preparation of PSS/SSS measurements. It should give UE enough time to complete RF tuning.  Even for a cell with extended CP format, it has at least  333 micro-seconds (4 OFDM symbols including exdended CPs) for UE to complete the RF tuning. Therefore, a 3ms measurement gap is good enough after PSS/SSS transmission coordination.


Figure 4: Illustration of UE preparation time with the maximum 1ms time difference between the PSS/SSS subframe of the serving cell and the target cell
Based on above discussion, a more general formula is proposed in the following to define exiting and the proposed measurement gap configurations for synchronous and asynchronous LTE system as shown in Figure 5: 



Figure 5: General measurement gap patterns 

· 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

Summary 
In this paper, we further discussed the enhancement of the measurement gap pattern with reduced measurement gap. It was proposed that
· For asynchronous LTE systems, coordinated transmission of PSS/SSS among neighbouring cells can be used for the purpose of measurement gap pattern enhancements;
· The coordinated transmission of PSS/SSS signals can be achieved by introducing new notification messages in X2AP or any other time synchronization messages;
· With coordinated PSS/SSS transmission, the maximum time difference between any two cells in an asynchronous LTE system will be smaller than 1ms;
· With the coordinated transmission of PSS/SSS signals, a 3ms measurement gap can be used as an enhanced measurement pattern for inter-frequency measurement and cell search 

In addition, a general formula was proposed for existing and proposed measurement gap patterns: 
· Measurement gap period (MGP)=40*n, n={1, 2, ..., N}, where
·  N={1,2} as existing MG pattern period
·  N> 2 (TBD) for further power saving and scheduling opportunity
· 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
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