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1 Introduction

Release 14 WI “New WI proposal on Further Enhanced MTC” introduces support for inter-frequency operation for feMTC. Inter-frequency measurements require measurement gaps similar to intra-frequency measurements in eMTC. RAN4 has agreed to share the existing measurement gaps between intra-frequency and inter-frequency operation and RAN2 is currently working on developing the signalling support for enabling this feature. 
In addition, the release 14 WI also introduces RSTD measurement, which is measured on PRS signals for feMTC UEs. It has been identified that RSTD measurements may also require gap in some operating scenarios, while it may not in others. In this contribution, we discuss the former scenario and provide our view on how the gaps can be provided to the UE to ensure that the RSTD measurements can be carried out by the feMTC UE. 
2 Discussion
2.1 RSTD gap sharing agreement
The gap sharing for RSTD measurement was discussed at last RAN4 meeting and following agreements were made and captured in the way forward [1]:
	1. When the UE RF bandwidth, the PRS bandwidth and the measured cell BW are the same and no frequency hopping is enabled, then no gaps are required for intra-frequency RSTD measurements

2. FeMTC UE may need gaps for performing the following RSTD measurement scenario: 

· intra-frequency RSTD measurement when the UE RF bandwidth is smaller than the PRS bandwidth and frequency hopping

· inter-frequency RSTD measurement
3. When the UE is configured to perform RSTD measurements as well as mobility measurements (intra-frequency/inter-frequency mobility measurements) and the UE needs gaps for RSTD measurements (bullet#2) then the gaps are shared between RSTD and mobility measurements as follows:  

· RSTD measurement period is the same regardless of whether UE performs only RSTD measurements or both RSTD and mobility measurements. 

· Intra-frequency and/or inter-frequency mobility measurement requirements need to be relaxed when RSTD is also measured in gaps. 

· Other option is to postpone mobility measurement while RSTD measurement is performed.

4. In RAN4#83, companies are encouraged to provide analysis regarding how mobility requirements shall be relaxed in scenarios mentioned in bullet #3.


2.2 Discussion on gap sharing for 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 [2]. Whether the UE needs gaps for measuring on the PRS depends on PRS bandwidth and its relation to the UE RF bandwidth. There are two cases as described below:
1) PRS bandwidth = cell bandwidth
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Figure 1 Case 1 where PRS BW is same as cell BW
2) PRS bandwidth < cell bandwidth
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Figure 2 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 1. In other words, when the PRS transmission take place within the UE RF bandwidth, or when the PRS bandwidth and the UE RF bandwidth are overlapping there is no need for gaps as long as no frequency hopping is used. 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 within cell bandwidth or when the UE RF bandwidth and the PRS bandwidth are non-overlapping. Consequently, the UE needs to retune to that part of bandwidth in order to measure PRS. UE may also need gaps when the frequency hopping is enabled. 
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 and/or inter-frequency RSTD measurement. Hence, RAN4 agreed on two different options on how to share gaps as follows:

· Option 1: RSTD measurement period is the same regardless of whether UE performs only RSTD measurements or both RSTD and mobility measurements. Intra-frequency and/or inter-frequency mobility measurement requirements need to be relaxed when RSTD is also measured in gaps. 
· Option 2: postpone mobility measurement while RSTD measurement is performed.
Our preference is option 1, i.e. the RSTD measurement period remains the same while the one of the mobility (intra-frequency or inter-frequency) requirements is relaxed. Since RSTD measurement is used for positioning, a relaxation to it may have some negative impact on its accuracy. Thus it is more preferable to relax the mobility requirements instead.

Our preference is to relax the intra-frequency measurement requirements rather than inter-frequency requirements using a scaling factor that depends on the actual PRS periodicity as shown below. 
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where TActual PRS is defined as follows:
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prsOCCGroupLen is defined as follows in RAN2 specification:
prsOccGroupLen
This field specifies the length of the PRS occasion group. Enumerated values define 2, 4, 8, 16, 32, 64 or 128, and the product of the PRS periodicity T_PRS from the prs-ConfigurationIndex and the PRS occasion group length cannot exceed 1280. If omitted, the PRS occasion group length is 1.
Below we have shown an example of how the current intra-frequency measurement requirements can be scaled.
For intra-frequency requirements
	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * Kintra_M1_NC* KRSTD_M1  seconds
	480 * Kintra_M1_NC * KRSTD_M1 ms

	1
	2.88 * Kintra_M1_NC * KRSTD_M1  seconds
	960 * Kintra_M1_NC * KRSTD_M1 ms


· Proposal #1: When the category M1/M2 UEs are configured with intra-frequency RSTD measurement, and the UE RF bandwidth and the cell bandwidth is not the same, or when PRS transmissions take place outside of UE RF bandwidth: 
· 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_M1 while the RSTD measurement requirements remain the same. 
· KRSTD_M1 is defined as 
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· Proposal #2: No relaxation on intra-frequency and inter-frequency measurements are needed due to intra-frequency RSTD when the UE RF bandwidth and the LTE system bandwidth are the same.  

3 Summary
In this contribution we have discussed gap sharing for RSTD measurement. It was agreed at last meeting that the existing measurement gaps are shared between the intra-frequency, inter-frequency RRM measurements and RSTD measurement. The method for sharing has not been agreed yet, but two options were identified. In this contribution we have provided a discussed and provided our view on how the gaps are shared. Based on the discussions, we have made the following proposal:
· Proposal #1: When the category M1/M2 UEs are configured with intra-frequency RSTD measurement, and the UE RF bandwidth and the cell bandwidth is not the same, or when PRS transmissions take place outside of UE RF bandwidth: 

· 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_M1 while the RSTD measurement requirements remain the same. 

· KRSTD_M1 is defined as 
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· Proposal #2: No relaxation on intra-frequency and inter-frequency measurements are needed due to intra-frequency RSTD when the UE RF bandwidth and the LTE system bandwidth are the same.  
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