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1 Introduction
RAN4 has been discussing the RRM requirements for eMTC for several meetings. Agreements from the last meeting [1] are copied below.   
	For normal coverage: 
· L1 measurement period:

· Rel-12 category 0 UE requirement on L1 measurement period (400 ms) for RSRP/RSRQ is reused for Rel-13 MTC UEs under normal coverage. 

· Cell detection delay:

· Rel-12 category 0 UE requirement on cell detection delay (600 ms for PCI acquisition + 400 ms measurement) is reused for Rel-13 MTC UEs under normal coverage. 

· From RAN4 perspective the, legacy gap pattern is reused by Rel-13 MTC UEs for retuning to central PRBs dedicated for intra-frequency. This is subject to RAN1 LS reply. 
For enhanced coverage:

· L1 measurement period for RSRP/RSRQ is defined as 800 ms for Rel-13 MTC UEs under enhanced coverage. 

· Minimum SNR level to which the new accuracy requirements are applicable are changed from FFS to -15 dB.
· Cell detection delay requirements is defined as follows for UEs operating under enhanced coverage

· Option 1: 320s detection time with 0.8s sampling period with the side condition below table

SCH Ês/Iot of already identified cell including serving cell: Q1
Neighbouring cell SCH Ês/Iot: Q2
Tbasic_identify_E-UTRA_FDD_UE cat M1, intra (s)

-15≤Q1<-6

-15≤ Q2 < -6

320 

-15≤Q1<-6

Q2(-6

320 

Q1( -6

Q2(-6

Requirements in 8.11.2 apply

· Other options are not precluded

· From RAN4 perspective the, legacy gap pattern is reused by Rel-13 MTC UEs for retuning to central PRBs dedicated for intra-frequency. This is subject to RAN1 LS reply. 

Due to the measurement gap, the measurement time may need to be extended for UE category M1 compared to requirements for UE category 0.


One open issue is that the LC MTC UE can only work on a sub-band of 6-PRB, so it has to re-tune to the central 6-PRB to perform intra-frequency cell detection and/or measurement. It should be noted that the UE may use non-central 6-PRB for CRS measurements of serving and detected neighbor cells; however, as the bandwidth of the neighbor cell could be different than the serving cell, and also some UE implementations may use the same PRBs for measurement and cell detection, we don’t prefer to have different re-tuning assumptions for measurement and cell detection. It has been agreed that the re-tuning is achieved via measurement gap, and the current gap patterns are re-used as long as RAN1 confirms the feasibility [1-2].

Besides, in last meeting there were also discussions related to gap sharing between intra- and inter-frequency RRM, as well as the impact of gap usage to the delay requirement of cell detection and/or measurement. 

In this paper, we will discuss the remaining issues of measurement gap usage for eMTC RRM requirements.
2 Discussion

Gap pattern
As agreed in [1],
From RAN4 perspective the, legacy gap pattern is reused by Rel-13 MTC UEs for retuning to central PRBs dedicated for intra-frequency. This is subject to RAN1 LS reply.
An LS reply was sent by RAN1#83 meeting [3], where it is stated that

From RAN1 perspective, RAN1 functionality is feasible for both normal and enhanced coverage if using the current gap pattern

Given RAN1’s confirmation, we think RAN4 can conclude that measurement gap with current gap patterns are used for LC MTC UE to perform intra-frequency cell detection and/or measurement. There are some proposals for enhanced gap pattern, e.g. reduced gap length, enlarged gap repetition period, or dedicated gap for intra-frequency RRM, but in our view, this is only optimization and will cause considerable standardization efforts, so should not be considered at this stage of the WI. Instead, the optimizations, if justified with sufficient gains, can be considered in the coming measurement gap enhancement WI. 
Proposal 1: Current gap patterns are used for LC MTC UE to perform intra-frequency cell detection and/or measurement.
Gap sharing
When one of the current gap pattern is used for intra-frequency RRM, it is means that the configured gap pattern is shared also with inter-frequency RRM, if UE is configured to monitor inter-frequency carriers. Since RAN4 will focus on intra-frequency RRM for Rel-13 eMTC, there are several options regarding gap sharing when defining the performance requirements.
· Option 1: Assume all gaps can be used for intra-frequency RRM

This is the simplest option from specification point of view. However, the underlying limitation is that in Rel-13 the LC MTC UE cannot be configured with any inter-frequency carriers for RRM, as otherwise UE cannot fulfil the intra-frequency RRM requirements. In our view, this is too restrictive for mobility considering there are already multiple eMTC bands defined in Rel-13.
· Option 2: Pre-define gap sharing between intra- and inter-frequency RRM

With a pre-defined sharing intra-frequency RRM is prioritized over inter-frequency RRM, as a fixed portion of gaps is reserved for intra-frequency RRM. For example, a half-half sharing with 40ms gap repetition period means UE will have the gaps for intra-frequency every 80ms, while the remaining gaps (also every 80ms) are shared among inter-frequency carriers.
· Option 3: Share the gap equally among all intra- and inter-frequency carriers
With this option the scaling factor Nfreq in RRM requirements counts both intra- and inter-frequency carriers. As will be discussed in section 2.3, a unified format for both intra- and inter-frequency requirements is preferred, and this makes it possible to treat intra- and inter-frequency equally when scaling the RRM performance requirements. For example, when only one inter-frequency carrier is configured, the RRM performance of both intra- and inter-frequency carrier is same as option 2 with half-half sharing; when there are more than one inter-frequency carriers, the intra-frequency RRM performance will be linearly degraded.
We think either option 2 or option 3 should be considered by RAN4 for defining intra-frequency RRM performance requirement for LC MTC. In fact, the two options corresponds to two different principles: prioritizing intra-frequency over inter-frequency, or treating intra- and inter-frequency equally. 
Proposal 2: RAN4 should consider either option 2 or option 3 for gap sharing when defining intra-frequency RRM performance requirement for LC MTC. 

-
Option 1: Assume all gaps can be used for intra-frequency RRM
-
Option 2: Pre-define gap sharing between intra- and inter-frequency RRM
-
Option 3: Share the gap equally among all intra- and inter-frequency carriers

Reduced RRM sampling opportunities due to gap 
Currently for normal UE the performance requirement for intra-frequency is tighter than that for inter-frequency. For example, the cell identification delay is 800ms for intra-frequency, and 3840ms for one inter-frequency carrier. The reason is that the RRM sampling opportunity for inter-frequency is limited to measurement gaps, while UE can use every PSS/SSS transmission for intra-frequency. 
The issue was also discussed in last meeting. Although in intra-frequency requirements, UE is assumed to perform RRM every 40ms, some companies mentioned that to monitor multiple cells UE would need more samples than that derived from the simulation. We see this as a valid concern, and in order to resolve it one can either relax the delay requirements or reduced the number of cells UE is required to monitor. Our preference is to reduce the number of cells as a LC MTC is expected to have sufficient mobility support with e.g. 3 monitored cells on intra-frequency carrier.

In fact, in discovery signal measurement, we already have reduced RRM sampling opportunities for both intra- and inter-frequency due to periodic transmission of discovery signals. In Rel-12, the requirements for intra- and inter-frequency RRM are defined in the same format. For example, 

Tidentify_intra_SCE = 12* TDMTC_periodicity + TMeasurement_Period _intra_FDD_CRS
TIdentify_Inter_SCE =13 * Max {TDMTC_periodicity, MGRP}*Nfreq + TMeasurement_Period_inter_FDD_CRS
We think a similar format could be used for intra- and inter-frequency RRM requirements (even requirement may not be defined for inter-frequency) for Rel-13 LC MTC, as both are gap based measurement. Similar to Rel-12 discovery signal measurement, the requirements should be based on the number of needed samples (the number derived from simulation plus some margins) multiplied by the sampling periodicity.
Proposal 3: Similar to Rel-12 discovery signal measurement, the LC MTC RRM requirements should be based on the number of needed samples (the number derived from simulation plus some margins) multiplied by the sampling periodicity. 

3 Conclusions 

In this paper, we discussed the remaining issues of measurement gap usage for eMTC RRM requirements, namely the gap pattern, gap sharing and reduced RRM sampling opportunity due to gap. Based on the discussion, we have the following proposals.
Proposal 1: Current gap patterns are used for LC MTC UE to perform intra-frequency cell detection and/or measurement.
Proposal 2: RAN4 should consider either option 2 or option 3 for gap sharing when defining intra-frequency RRM performance requirement for LC MTC. 

-
Option 1: Assume all gaps can be used for intra-frequency RRM
-
Option 2: Pre-define gap sharing between intra- and inter-frequency RRM
-
Option 3: Share the gap equally among all intra- and inter-frequency carriers

Proposal 3: Similar to Rel-12 discovery signal measurement, the LC MTC RRM requirements should be based on the number of needed samples (the number derived from simulation plus some margins) multiplied by the sampling periodicity. 
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