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eMTC UEs works on a narrowband that is defined as six non-overlapping consecutive physical resource blocks (PRBs) in the frequency domain. Due to the fact that the Primary Synchronization Signal (PSS) and Secondary Synchronization (SSS) are transmitted only in the centre 6 PRBs of the carrier bandwidth, and no eMTC narrowband covers the centre 6 PRBs as per narrowband definition given in [1], eMTC UEs require measurement gaps even for performing intra-frequency measurements from neighbouring cells. Thus, current eMTC intra-frequency measurements are defined under the assumption that “UE is configured with measurement gap according to any of gap patterns defined in Table 8.1.2.1-1” in TS 36.133 [2].
In this paper, we discuss eMTC intra-frequency and inter-frequency cell search and measurements without configuring gap by exploring MPDCCH configurations.
Discussion
Currently, two fixed measurement gap patterns are defined in TS 36.133: one with a measurement gap period of 40ms (i.e., 40 subframes), and the other a measurement gap period of 80ms. The gap duration for both measurement gap patterns is 6ms. The original purpose of measurement gap patterns is to allow a legacy LTE UE, which is not capable of supporting cell search of other cells while communising with the serving cell, to temporarily stopping its communication with the serving cell during the measurement gaps, and use the time of measurement gaps for identifying and measuring other inter-frequency or inter-RAT cells. During the measurements gaps, the UE will tune the RF frequency of its receiving RF chain from the serving frequency to the frequencies of neighbouring cells.
eMTC UEs works on a narrowband that is defined as six non-overlapping consecutive physical resource blocks (PRBs) in the frequency domain. Due to the fact that the Primary Synchronization Signal (PSS) and Secondary Synchronization (SSS) are transmitted only in the centre 6 PRBs of the carrier bandwidth, and no eMTC narrowband covers the centre 6 PRBs as per narrowband definition given in [1], eMTC UEs require measurement gaps even for performing intra-frequency measurements from neighbouring cells. Thus, current eMTC intra-frequency measurements are defined under the assumption that “UE is configured with measurement gap according to any of gap patterns defined in Table 8.1.2.1-1” in TS 36.133 [2].
During the measurement gaps the UE cannot transmit and receive any data from the serving cell. Thus, when a UE is configured with a measurement gap, the interruption on data service is, at least, 6ms out of every 40ms or every 80ms, depending on the measurement gap pattern configuration. In reality, the interruption caused by the measurement gap is larger than 6ms out of every 40ms or every 80ms in both uplink and downlink transmissions due to the consideration of HARQ ACK/NACK transmission.
For eMTC systems, the impact of measurement gap on data communication performance becomes even more severe for a number of reasons:
· The number of repetitions of uplink and downlink control and data channels can well exceed the measurement gap period of 80ms. For example, the number of repetitions for eMTC PDSCH can be up to 2048ms. Thus, it is impossible to avoid the uplink and downlink data and transmissions falls into the measurement gaps when the number of repetitions for uplink and downlink transmission repetitions are more than 80ms.
· Even if the number of repetitions of uplink and downlink control and data is smaller than the measurement gap period, it is often times very difficult for the scheduler to schedule the uplink and downlink transmission within a measurement gap period to avoid the measurement gaps. For example, for the measurement gap period of 80ms, there is only 74ms left available for scheduling. If we use a transmission repetition of 32ms for downlink and unlink transmission, we will need total 100ms to complete the transmission of one downlink package (32ms for MPDCCH, 32ms for PDSCH, 32ms for PUCCH for HARQ, and 4ms for the transmission gap between PDSCH and PUCCH), which already far exceeds the 74ms.

In the following, we discuss possibility for an eMTC to perform intra-frequency and/or inter-frequency measurements without configuring gap by exploring MPDCCH configurations.
In eMTC, each new uplink and downlink data transmission starts from the MPDCCH transmission. The set of MPDCCH candidates to monitor are called MPDCCH search spaces. During connected state, eMTC UE will monitor MPDCCH UE-specific search space and also Type0-MPDCCH common search space if configured with CEmodeA.








For MPDCCH UE-specific search space and Type0-common search space locations of starting subframe  are given by where is the th consecutive eMTC subframe from subframe , and , and , and , where



-	subframe  is a subframe satisfying the condition , where T is the MPDCCH period defined as 

-	For MPDCCH UE-specific search space, Type0-common search space is given by the parameter mPDCCH-startSF-UESS defined in TS 36.331 with the valid values of {1, 1.5, 2, 2.5, 4, 5, 8, 10} for LTE FDD systems, and {1, 2, 4, 5, 8, 10, 20} for LTE TDD systems [TS 36.331].

-	is given by the parameter mPDCCH-NumRepetition, and defined in TS 36.331 with the valid values of  {1, 2, 4, 8, 16, 32, 64, 128, 256}.
-	repetition levels  defining the MPDCCH search spaces are given in Table 9.1.5-3 in TS 36.213. 
Table 9.1.5-3: Determination of repetition levels (TS 36.213)
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As shown in Figure 1, for every  subframes, there will be  subframes, for which the UE is not required to monitor MPDCCH since there is no MPDCCH transmission (In Figure 1, we assume all subframes after are valid subframes). 
[image: ]
Figure 1. Measurement gap(s) can be inserted after MPDCCH search space



There are two main reasons that the 3GPP standard defines the MPDCCH period as  subframes, although the total subframes for the MPDCCh search space is only subframes, which leave up to  subframes unused. First, it provides the opportunity for the UE to turn off its transceiver for power saving in those unused subframes, and it also avoids the overlapping of M-PDCCH Search Spaces with the previously transmission repetitions due to the invalid downlink subframes (Note: The bitmap indicates that which subframes are valid/invalid for downlink transmission is defined by parameter DL-Bitmap-NB as defined in TS 36.331)


In general, there will be only a small portion of the  subframes (marked as”A” in Figure 2) occupied by previous transmission repetitions due to the postponed transmission caused by invalid subframes. Thus, the rest of the  subframes (marked as “B”) are available for intra- and inter-frequency measurements, as shown in Figure 2.
[image: ]
Figure 2. Measurement gap(s) can be inserted after MPDCCH search space


In general, the majority of the  are not used for any transmissions when G is configured larger than 1, and can be used for the purpose of intra-frequency and inter-frequency cell measurements. In addition, both UE and BS knows how many of the subframes left in the  that can be used for intra-frequency and inter-frequency cell measurements, since both the UE and BS knows how many invalid subframes are in previous transmission.
Therefore, when G is configured larger than 1 by the parameter mPDCCH-startSF-UESS, both the UE and BS knows how many subframes are available for the UE to perform the perform the intra- and inter-frequency measurements. If the number of available subframes in “B” is large or equal to the measurement gap length of 6ms, the UE should be able to utilize those subframes for the intra- and inter-frequency measurements, instead of configuring measurement gaps for the UE.

Observation 1: When G (i.e., parameter mPDCCH-startSF-UESS) is configure to be larger than 1, up to  subframes (excluding the impact of invalid subframes) may not be used in any uplink and downlink transmission. From the configurations of the MPDCCH and valid/invalid subframes, both UE and BS knows exactly how many subframes are not used in any uplink and downlink transmission. If the number of those subframes is larger than measurement gap length of 6, these subframes can be used for intra- and inter-frequency measurements without configuring measurement gaps for the UE.
Based on above observation, we propose two options to introduce new requirements to utilize those subframes that are not used in any uplink and downlink transmission, for intra- and inter-frequency measurements:

Proposal 1: (without explicit signalling support). If the number of the subframes that are known not to be used in any uplink and downlink transmission in each MPDCCH period , is larger than the measurement gap length of 6ms, the UE should use these subframes for intra- and inter-frequency measurements without the need of configuring measurement gaps. For this option, the requirements may be introduced in TS 36.133 without impact on speciation of higher layer signalling.

Proposal 2: (with explicit signalling support). If the number of the subframes, which are known not to be used in any uplink and downlink transmission in each MPDCCH period , is larger than the measurement gap length of 6ms, and if the network sends an indication to the UE to use these subframes for intra- and inter-frequency measurements without configuring measurement gaps, the UE should use these subframes for intra- and inter-frequency measurements without configuring measurement gaps. For this option, the requirements may be introduced not only in TS 36.133, but also on speciation of higher layer signalling, and thus, RAN4 may need send an LS to RAN2, suggesting the introduction of the signalling support.
Summary
In this paper, we discussed eMTC intra-frequency and inter-frequency measurements without configuring the measurement gaps. It was observed that

Observation 1: When G (i.e., parameter mPDCCH-startSF-UESS) is configure to be larger than 1, up to  subframes (excluding the impact of invalid subframes) may not be used in any uplink and downlink transmission. From the configurations of the MPDCCH and valid/invalid subframes, both UE and BS knows exactly how many subframes are not used in any uplink and downlink transmission. If the number of those subframes is larger than measurement gap length of 6, these subframes can be used for intra- and inter-frequency cell search and measurements without configuring measurement gaps for the UE.
Based on above observation, we propose two options to introduce new requirements to utilize those subframes that are not used in any uplink and downlink transmission, for intra- and inter-frequency cell search and measurements:

Proposal 1: (without explicit signalling support). If the number of the subframes that are known not to be used in any uplink and downlink transmission in each MPDCCH period , is larger than the measurement gap length of 6ms, the UE should use these subframes for intra- and inter-frequency cell search and measurements without the need of configuring measurement gaps. For this option, the requirements may be introduced in TS 36.133 without impact on speciation of higher layer signalling.

[bookmark: _GoBack]Proposal 2: (with explicit signalling support). If the number of the subframes, which are known not to be used in any uplink and downlink transmission in each MPDCCH period , is larger than the measurement gap length of 6ms, and if the network sends an indication to the UE to use these subframes for intra- and inter-frequency cell search and measurements without configuring measurement gaps, the UE should use these subframes for intra- and inter-frequency measurements without configuring measurement gaps. For this option, the requirements may be introduced not only in TS 36.133, but also on speciation of higher layer signalling, and thus, RAN4 may need send an LS to RAN2, suggesting the introduction of the signalling support.
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