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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancement for LTE was approved as part of a work item [1]. 
Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]
In this contribution, we discuss support of RSS of neighbor cells for measurement improvement in connected mode and the efficient signaling of RSS frequency locations of neighbor cells in consideration of the receiver operation.
2. Discussion
In RAN1#98bis meeting, it was agreed to support use of RSS of neighbour cells for measurement improvement in Connected Mode with the FFS for handing of potential mismatch of UE measurement gaps and RSS periodicity.
	Agreement 
Use RSS of neighbour cells for measurement improvement in Connected Mode:
· Signalling of RSS parameters for UE reported neighbour cells that are NOT in the Neighbour Cell List
· FFS: Handling of potential mismatch of UE measurement gaps and RSS periodicity


Currently, RSS is configured by RSS duration, RSS period, and RSS time offset. And the measurement gap (MG) pattern is similarly configured by MG length, MG period, and MG offset. The configuration parameters for the RSS and the MG pattern are summarized below: (Note: MG enhancement in Rel-14 are not included in this discussion)
· Measurement Gap (MG) pattern configuration
· MGP#0: MG Period (MGP) 40ms; MG Length (MGL) 6ms; MG Offset (MGO) configurable in ms unit
· MGP#1: MG Period (MGP) 80ms; MG Length (MGL) 6ms; MG Offset (MGO) configurable in ms unit
· RSS configuration
· RSS duration: {8, 16, 32, 40} ms
· RSS period: {160, 320, 640, 1280} ms
· RSS time offset: configurable in 1/2/4 frame unit within the RSS period
During the MG which is configured by the MG pattern, LTE-MTC device in connected mode performs inter-frequency measurement. However, using the existing parameters for the MG configurations (MGP#0 and MPG#1), eNB cannot consistently configure the RSS within the MGL to improve the measurement performance. Figure 1 shows the configuration of RSS using the existing parameters. As shown in the example, even with the RSS having the shortest period, the eNB cannot always guarantee the presence of the RSS for the MG.
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[bookmark: _Ref525863279]Figure 1 Configuration of RSS for measurement improvement using existing parameters
To improve the measurement performance and simplify the receiver operation, an option for the configuration for RSS and MG pattern that always guarantees the presence of RSS for the entire MG can be supported. The option can be implemented either by introducing a new set of RSS configuration parameters or by introducing a new set of MGP parameters. Figure 2 shows that by introducing a shorter RSS period (e.g., 80 ms in the figure), the new set of RSS configuration parameters, together with MGP#1, guarantees the presence of RSS for the entire MG. 
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[bookmark: _Ref525864591]Figure 2 Example of the proposed RSS configuration
While the example in Figure 2 is a good solution performance wise, depending on the measurement requirement, the short MG period with the RSS in every MG period may be an overkill in terms of measurement performance. If that is the case, we can consider a larger MG period (e.g., 160 ms in the figure) still meeting the performance requirement as shown in Figure 3. By introducing a larger MG period, the new set of MGP configuration parameters, together with the RSS with the shortest period (i.e., 160 ms), guarantees the presence of RSS for the entire MG.
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[bookmark: _Ref525864868]Figure 3 Example of the proposed MGP
Proposal 1: 
If measurement improvement via RSS is to be supported for connected mode, at least one configuration for RSS and MG pattern that guarantees the presence of RSS for every MG period are supported. The following alternatives are proposed for discussion. 
· Introduce a new set of RSS configuration parameters with shorter period (e.g., 80 ms or shorter)
· Introduce a new set of MGP parameters with the larger duration (e.g., 160 ms or larger)

Currently, the RSS can be configured in any PRBs within the system BW as shown in Figure 1 below. However, from a UE’s perspective, it would be beneficial if multiple cells involved in intra-frequency measurement configure the frequency location of the RSSs for measurement into one NB (or even the possibility of allowing collisions among multiple RSSs from different CCs can be considered) as it removes the need for NB retuning for measurement. 
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Figure 1
Unless full frequency range within a system bandwidth has to be used for candidate RSS frequency locations, for the potential benefit of removing NB retuning during neighbor cell measurements, it should be supported at least as a configuration to confine the candidate RSS frequency locations within a NB.
Proposal 2: It is supported that the RSS frequency location be determined as a function of Cell ID within a narrowband.  
3. Conclusion
In this contribution, we discussed support of RSS of neighbor cells for measurement improvement in connected mode and the efficient signaling of RSS frequency locations of neighbor cells in consideration of the receiver operation. Our proposals are as follows.
[bookmark: _GoBack]Proposal 1: 
If measurement improvement via RSS is to be supported for connected mode, at least one configuration for RSS and MG pattern that guarantees the presence of RSS for every MG period are supported. The following alternatives are proposed for discussion. 
· Introduce a new set of RSS configuration parameters with shorter period (e.g., 80 ms or shorter)
· Introduce a new set of MGP parameters with the larger duration (e.g., 160 ms or larger)
Proposal 2: It is supported that the RSS frequency location be determined as a function of Cell ID within a narrowband.  
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