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1 Introduction
A new work item to further enhance the MTC operation was approved at RAN#72 meeting [1]. As per this WID, RAN4 is required to develop positioning support, E-CID based on RSRP/RSRQ measurement. Among other tasks, RAN4 is also requested to develop inter-frequency measurements support, see below. 
During last RAN4#80bis meeting, RAN4 received an LS from RAN1 regarding VoLTE operation for FeMTC UEs [2]. In this contribution, we discuss this LS and provide motivation for the our draft LS response in [4]. 
2 Discussion
2.1 Background 
The category M1 UE can be configured to operate with a narrow bandwidth of 1.4 MHz anywhere within the system bandwidth, and therefore it requires gap to retune the RF chain to the central 6 PRBs of the serving carrier to perform measurements. The CONNECTED state requirements in section 8 of [3] applies provided that UE is configured with measurement gap according to any of the gap patterns defined in Table 8.1.2.1-1 in [3]. This table is copied here for convenient reading.

Table 1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


As can be seen in Table 1, two gap patterns are supported: the first type with a measurement gap period of 40 ms and the second with a period of 80 ms. 

The shortest period for measurement gaps is 40 ms and the Rel-13 cat-M1 UE non-DRX requirements were derived assuming gap periodicity. It is task of the serving eNodeB to configure the UE with measurement gaps and the UE no transmissions are allowed in the gaps, and it is the task of UE to decide how to use the gaps, e.g. how frequently measurements are performed over carriers, in which order, and how gaps are shared between inter-frequency and inter-RAT (if they are supported) etc. 

The release 13 category M1 UE requirements were derived assuming that gaps are provided using existing gap patterns (pattern ID 0 and 1) for for performing intra-frequency measurements. This would allow the UE to retune to central 6 PRBs every 40 ms or 80 ms and thus the measurement procedure is very similar to legacy LTE inter-frequency measurements. It shall, however, be noted that use of these gaps were allowed assuming only intra-frequency measurements in release 13 eMTC work. With support for inter-frequency measurements in release 14, the configured measurement gaps have to be shared between the intra- and inter-frequency measurements.
2.2 Discussions 
VoLTE support is currently being developed in RAN1 for category M1 UEs in CEModeA. These gaps may have some impact on the VoLTE operation as discussed below.
Firstly, the category M1 UEs can retune to central PRBs every 40 ms or every 80 ms depending on the configured measurement gap pattern. For gap pattern ID #0, UE may not be available to receive VoLTE for 6 subframes every 40 ms. This may result in 15% loss of VoLTE receptions. Similarly, a category M1 UE that is configured with gap pattern ID#1 may not be available to receive VoLTE packets for 6 subframes every 80 ms. This corresponds to a loss of 7.5% loss of VoLTE receptions. Obviously, gap pattern ID#1 may cause larger degradation to VoLTE than gap pattern ID#0. Nevertheless, gap pattern ID#0 is necessary for other RAN4 features such as inter-frequency OTDOA measurements. In addition, the inter-frequency measurements may also be impacted if UE is only configured with gap pattern ID#1 is used since the gap has to be shared between intra-frequency and inter-frequency measurements.
Secondly, the category M1 UEs may also use autonomous gaps in the SI reading procedure. The serving eNodeB which is in normal coverage can request the UE to acquire the CGI of an enhanced cell. The simulation results have shown that UE may use the maximum possible repetitions of MIB and SIB1bis for acquiring the CGI of the target cell. The simulation results have shown that the CGI acquisition delay can be up to 1800 ms and 16 TTIs of MIB and SIB1bis may be necessary to meet 90% probability. This means the UE can create multiple autonomous gaps during this period which can cause further degradation to the VoLTE. 16 TTIs of MIB and 16 TTIs of SIBbis may require the UE to create 32 autonomous gaps within 1800 ms. This means that 10% of the subframes may not be possible to use for sending VoLTE.
The length of the gaps can be reduced in synchronized networks since it may know the location of subframes #0 and #5. But the requirements should be specified for the worst case which is assuming that networks are unsynchronized.  
RAN4 is currently discussing shorter measurement gaps, and it is expected that future releases of category M1 may use this shorter gap. This can reduce the impact on VoLTE.

Based on the discussions above, we make the following observation:
· Observation: Use of periodic gaps and autonomous gaps for category M1 UEs may result in performance degradation for VoLTE. Exact level of performance degradation will depend on the type of gaps and patterns used. 
3 Conclusion

In this contribution, we have discussed incoming RAN1 LS on VoLTE and provided the motivation for our draft LS response in [4]. Based on the discussions, we have made the following observation:
· Observation: Use of periodic gaps and autonomous gaps for category M1 UEs may result in performance degradation for VoLTE. Exact level of performance degradation will depend on the type of gaps and patterns used. 
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