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1 Introduction

In Rel-13 under Rel-13 WI “New WI proposal on Further Enhanced MTC” the support for inter-frequency operation is introduced. Inter-frequency measurements require measurement gaps similar to intra-frequency measurements of eMTC. Therefore the existing measurement gaps are shared between intra-frequency and inter-frequency operation. 
RAN4 has discussed and agreed on a gap sharing method at last meeting, and an LS was sent to RAN2 to develop signalling support for it [1]. The CONNECTED mode CRs were also agreed assuming this gap sharing method in [2 - 5]. However, there are some values with TBDs that are discussed in this contribution.

2 Discussion
2.1 Gap sharing agreement
As per the agreement, the intra-frequency and inter-frequency requirements are derived by scaling the current requirement by a factor which KIntra_M2 and KInter_M2 respectively as follows: 
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X corresponds to the percentage of the gaps assumed for intra-frequency measurements, and the remaining percentage of gaps (1-X) are assumed for the inter-frequency measurements. It was further agreed that X can have 4 different values which will be defined TS 36.133.
Moreover, it was agreed that the category M2 UE shall be capable of monitoring at least:
· FDD E-UTRA inter-frequency carriers

· 2 TDD E-UTRA inter-frequency carriers

2.2 Discussion on values

Our proposal is that the intra-frequency measurement should be allowed at least 50% of the measurement gaps, i.e. X=50 while the remaining gaps can be shared between the inter-frequency carriers. The main motivation for this proposal is that it is obvious that the intra-frequency measurements (e.g. the serving cell measurements) are more important than the measurements of an another frequency cells since they are used for various RRM procedures such as power control, etc. This way we want to ensure that the intra-frequency, more specifically, the serving cell performance is not severally degraded due to gap sharing. The remaining gaps can be shared equally or unequally among the inter-frequency carriers depending on UE implementation.
One example is illustrated in Figure 1 where X=50% and the remaining gaps are shared equally among two different inter-frequency carriers. 
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Fig: Intra-and inter-frequency measurements assuming X=50%
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Figure 2: Intra- and inter-frequency measurements performed using gap sharing with measurement gap pattern ID#0 and X=50%
The other three values of X can be defined as: 60%, 70% and 80%. This distribution of gaps will enable the network to allocate the gaps differently depending on the operational scenario while it will guarantee some minimum performance of the intra-frequency (serving cell) measurements. For example, in scenarios where the inter-frequency cells are in deep enhanced coverage with low signal strength, the network can configure X=80 since it is unlikely to perform a handover to that cell. Similarly, when there are neighbour cells with equal or even better signal strength, the network can configure X=50 to ensure that the UE can monitor the this cell so that the UE can perform handover in right time and also help the network to save resource by reselecting to better coverage cell. 
In brief, our proposal of X = [50, 60, 70 and 80] % will ensure some minimum performance of intra-frequency operation while it gives a degree of freedom to configure the gaps different depending on the operational inter-frequency scenario. 

Based on the discussion above, we make the following proposal:
· Proposal: The value of X in the agreed measurement gap sharing method between intra-frequency and inter-frequency can have following values: [50, 60, 70 and 80] %.
Gap sharing with RSTD measurement
RSTD measurement requirements are being developed to support OTDOA positioning for Cat-M2 UEs. RSTD measurements are performed on PRS signals which can be transmitted over multiple PRS bandwidth which include: {1.4, 3, 5, 10, 15, 20} MHz [6]. Whether the UE needs gaps for measuring on the PRS depends on PRS bandwidth. There are two cases as described below:
1) PRS bandwidth = cell bandwidth
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Figure 2 Case 1 where PRS BW is same as cell BW
2) PRS bandwidth < cell bandwidth

[image: image5.emf]Cell BW

PRS BW

UE RF BW

= Central PRB

f


Figure 3 Case 2: PRS BW < Cell BW
In case 1, UE does not need any gaps to measure on PRS since it is transmitted over the whole cell bandwidth, see Figure 2. Also when the UE is not configured with any RSTD measurement there is no need for such gaps. 
However, UE needs gap in case 2 where the PRS is transmitted only in a certain portion of bandwidth Consequently, the UE needs to retune to that part of bandwidth in order to measure PRS. In addition to the existing gaps that are shared between intra-frequency and inter-frequency RRM measurements, the same gaps need to be shared also for the intra-frequency RSTD measurement. Hence, a further relaxation might be needed and we propose to scale the existing requirements using a scaling factor as follows:
KRSTD_M2 = 1/(1 - TGap / TPRS)
Where TGap is given by the MGRP in Table 8.1.2.1-1 and TPRS is the PRS periodicity. This scaling is possible because TPRS>TGap.  

[image: image6.emf]= PRS

f

….

= Intra/inter RRM


Figure 4 Sharing of existing measurement gaps between RSTD measurements, intra-frequency and inter-frequency RRM measurements. The intra-frequency and inter-frequency RRM requirements can be scaled as follows:
For intra-frequency requirements
	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M2)
	Measurement delay (Tmeasure_intra_UE cat M2)

	0
	1.44 * Kintra_M2_NC* KRSTD_M2  seconds
	480 * Kintra_M2_NC * KRSTD_M2 ms

	1
	2.88 * Kintra_M2_NC * KRSTD_M2  seconds
	960 * Kintra_M2_NC * KRSTD_M2 ms


For inter-frequency requirements
	Gap pattern ID
	Cell identification delay (Tidentify_inter_UE cat M2_NC)
	Measurement delay (Tmeasure_inter_UE cat M2_NC_NC)

	0
	1.44 * Kinter_M2 * KRSTD_M2 seconds
	480 * Kinter_M2 * KRSTD_M2 ms

	1
	2.88 * Kinter_M2 * KRSTD_M2 seconds
	960 * Kinter_M2 * KRSTD_M2 ms


· Proposal 2: The existing measurement gaps are shared between the intra-frequency, inter-frequency and RSTD measurement, and only the intra or inter-frequency requirements are relaxed by scaling factor KRSTD_M2 while the RSTD measurement requirements remain the same. KRSTD_M2 is defined as KRSTD_M2 = 1/(1 - TGap / TPRS)
· Proposal 3: No relaxation on intra-frequency and inter-frequency measurements are needed due to RSTD when the UE RF bandwidth and the LTE system bandwidth are the same.  
3 Summary
RAN4 has discussed and agreed on a gap sharing method to share the gaps between intra-frequency and inter-frequency measurements. The method contains a parameter X which can have four different values and for now these are TBD. In this contribution, provide our proposal on the values. X should be selected such that it can guarantee at least some minimum intra-frequency (e.g. serving cell) performance while it can be provide some freedom to the network to configure the gaps differently depending on the inter-frequency operational scenario. Based on the discussions, we have made following proposal:
· Proposal 1: The value of X in the agreed measurement gap sharing method between intra-frequency and inter-frequency can have following values: [50, 60, 70 and 80] %.

· Proposal 2: The existing measurement gaps are shared between the intra-frequency, inter-frequency and RSTD measurement, and only the intra or inter-frequency requirements are relaxed by scaling factor KRSTD_M2 while the RSTD measurement requirements remain the same. KRSTD_M2 is defined as KRSTD_M2 = 1/(1 - TGap / TPRS)
· Proposal 3: No relaxation on intra-frequency and inter-frequency measurements are needed due to RSTD when the UE RF bandwidth and the LTE system bandwidth are the same.  
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Fig: Intra- and inter-frequency measurements assuming X=50%
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