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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#74bis, during the discussion of the new SI “Measurement gap enhancement”[1],  a WF [2] was agreed in RAN4#74bis, that the following design and performance aspects are to be studied in the measurement gap enhancement SI
· enhance inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE
· increase UE scheduling opportunity and/or reduce UE power consumption
· reduce the Ack/Nack missing rate due to PCell/SCell interruption
· exploit the feature of multiple Rx chains equipped in CA capable UE

In this paper, we discuss the design and performance aspects for the measurement gap pattern we proposed in [3] in terms of the agreed WF.

Discussion
Shorter (1ms/2ms) measurement gap length
As well known, the main purpose of measurement gap is for a UE to identify and measure inter-frequency and/or inter-RAT cells. Currently, a UE can only be configured with a measurement gap pattern with fixed gap duration of 6ms and a measurement gap period of either 40ms or 80ms. During the measurement gaps the UE cannot transmit and receive any data from any cells. Although the measurement gap length is only 6 ms (subframes), the impact of the measurement gap on downlink (DL) and uplink scheduling is actually much longer than 6ms as analyzed in [3].

[bookmark: _Toc409103717]The main reason for current measurement gap length of 6ms is based on the consideration that the periodicity of LTE primary synchronization signal (PSS) and the secondary synchronization signal is 5ms. Therefore, if UE does not know which subframes are PSS/SSS, and performs blind search for the PSS/SSS, it needs at least a 5ms search window in order to guarantee there is one PSS/SSS subframe falling into the search window. The 6ms gap consists of the 5ms searching window and the additional time needed for UE to perform RF switch between the carriers at the beginning and the end of the measurement gap.

For time synchronized LTE networks, such as TDD and synchronized FDD systems, the timing of the cells is synchronized to a micro-seconds level. When a UE is in a connected state, in which the measurement gap is used, UE timing is synchronized to the network time. In addition, the subframes and even OFDM symbols in which the PSS/SSS are transmitted, are fixed. Therefore, for a synchronized LTE network, the both UE and eNB BShave the knowledge on exact time when PSS/SSS of neighboring inter-frequency cells are sent. Under these conditions, the network should be able to configure the UE with a much shorter measurement gap (or search window) for the UE to search for the PSS/SSS signals are sent from the inter-frequency cells. 

For FDD system, the PSS/SSS are included in last two OFDM symbols of the first slot of subframes #0 and #5. The location of PSS is always in the last OFDM symbol of the 1st and 11th slots of each radio frame, enabling the UE to acquire the slot boundary timing independently of CP length. The SSS is located in the symbol immediately preceding the PSS, enabling coherent detection of the SSS relative to the PSS. Thus, if the UE can complete search preparation (including RF tuning) less than 0.5ms or within first 5 OFDM symbols (normal CP) or first 4 OFDM symbols (extended CP)  in the PSS/SSS subframe, a search window or measurement gap as short as 1ms may be feasible (Figure 1). 

 

Figure 1: Illustration of FDD PSS/SSS Subframe with 1ms measurement gap

For TDD system, the PSS is included in the 2nd OFDM symbols of the 2nd slot of subframes #0 and #5, and SSS is included in the last symbol of the 1st slot of subframes #0 and #5. Again, the measurement gap can be configured as short as 1ms, if the UE can complete cell detection preparation (including RF tuning) within the time interval from the start of the PSS/SSS subframe to the start of the SSS symbols in the PSS/SSS subframe. For TDD, there is one more OFDM symbol time for the UE to complete cell detection preparation than FDD.



Figure 2: Illustration of TDD PSS/SSS Subframe with 1ms measurement gap

It is worthy to point out that 0.5ms was assumed for the preparation of cell detection (including RF tuning) when defining the legacy measurement gap. So, it is possible for some UEs being not be able to complete the search preparation before the start of the SSS OFDM symbol for supporting 1ms measurement gap. In this case, 2ms measurement gap may be needed. Still, 2ms measurement gap is also much shorter than the current 6ms measurement gap.

Proposal 1: Introducing a new measurement gap pattern with measurement gap of 1ms or 2ms for time synchronized LTE systems.
Design and performance aspects of shorter measurement gap length (1ms/2ms)
According to the agreed WF [2], we will take a look at the following design and performance aspects of the proposed shorter measurement gap length

· enhance inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE
· increase UE scheduling opportunity 
· reduce UE power consumption
· reduce the Ack/Nack missing rate due to PCell/SCell interruption

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

As mentioned in [2], UE DL 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 1ms or 2ms the DL service interruption will be reduced to only 3ms (or 5ms) (see Figure 3 in [2]). In another word, the UE DL scheduling opportunity will be increased by 7 subframes (or 5 subframes) if the measurement gap is reduced to 1ms (or 2ms).  For TDD, if the measurement gap is reduced to 1ms or 2ms, the DL service interruption will only be the subframes of the measurement gap, but not other downlink subframes, regardless whether the measurement gap starts at subframe #0 or subframe #5. The increase of UE scheduling opportunity, which will be dependent on the UE TDD configuration, will be even more the FDD. Similar benefits can be reached for UL scheduling opportunity.

Reduce UE power consumption

Significant reduction of UE power consumption may be one of the other main benefits of proposal. Instead of spending whole 5ms to blindly searching for the PSS/SSS, the UE has the knowledge on exactly where the  PSS/SSS OFDM symbols are. Thus, UE only needs sending a few OFDM symbol time to detect PSS/SSS signals, regardless whether 1ms or 2ms measurement gaps are used.

Reduce the Ack/Nack missing rate due to PCell/SCell interruption

Measurement gap pattern is currently configured per UE. During measurement gap, there is no Tx/Rx for any serving cells, including PCell and SCell if configured. Thus, the Ack/Nack missing rate due to PCell/SCell interruption will be the same as the Ack/Nack missing rate due to Tx/Rx interruptions caused by the measurement gap. From this sense, reducing measurement gap length will directly lead to the reduction of the Ack/Nack missing rate.

Summary 
In this paper, we further discussed the proposal:
Proposal 1: Introducing a new measurement gap pattern with measurement gap of 1ms or 2ms for time synchronized LTE systems.
It is expected that the efficiency of the proposed shorter gap pattern with 1ms/2ms gap length will be the same as the measurement gap pattern with gap length.  However, there will be significant benefits in the increase of UE UL/DL scheduling opportunity, as well as the reduction of UE power consumption.
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