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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]
Related to this agenda, the following agreement was made in RAN1#94 meeting [2].
Agreement
From RAN1 perspective, it is feasible to use RSS for measuring RSRP for cells at least for IDLE mode mobility
· RAN1 to identify the related parameters in the next RAN1 meeting
In this contribution, we discuss the use of RSS for measurement improvement.
2. Discussion
In RAN1#94 meeting, it was agreed that the RSS which was introduced in Rel-15 LTE-MTC to reduce the system acquisition time for reduced latency can be used for RSRP measurement for cells at least for idle mode mobility. In our view, regarding the fundamental questions on how much improvement we can expect or we should achieve using the RSS for measurement, we basically need RAN4 feedback to make a progress, but for the moment we can still discuss what we can do to from RAN1 perspective to improve measurement performance using RSS for both the serving cell and the neighbor cells.
In our view, to achieve significant measurement performance gain, the time/frequency configurations of RSS and measurement gap should be adjusted in such a way that the UE can see as many RSS REs as possible during the configured measurement gap (to be discussed in the following subclasses). In this clause, we discuss parameters to support using RSS for measurement for both the serving cell and neighbor cells, and the issues related to the RSS and measurement configurations.
Proposal 1: 
From RAN1 perspective, study how to improve the performance using RSS in terms of RSRP measurement for both the serving cell and the neighbor cells.
2.1 Parameters to support using RSS for measurement 
 To support the use of RSS for measurement for both the serving cell and the neighbor cells, parameters related to the RSS need to be configured to UEs. The RSS related parameters include:
· RSS power boosting information (e.g., RSS-to-CRS power ratio)
· RSS configuration information: per-cell indication of the support of using RSS for measurement
· RSS transmission information
· RSS sequence information
· Relationship between the RSS ports and the CRS ports
· CRS port information
The information on RSS power (RSS power boosting information) needs to be configured to the UE for RSS measurement and the RSS power can be a value relative to the CRS power. As the support of RSS can be configured per cell, the information on whether the RSS is available for measurement for each cell (RSS configuration information) needs to be indicated to the UE. To use the RSS for measurement, the details on the time/frequency location of the RSS (RSS transmission information) and the RSS sequence details (RSS sequence information) including cover code and SI update information need to be indicated to the UE as well. To use the RSS for measurement together with the CRS, we may need some assumptions on the relationship between RSS ports and CRS ports. And the relationship (Relationship between the RSS ports and the CRS ports) should be indicated to the UE. Lastly the CRS port information may not be essential but can be helpful to use more REs for measurement considering the fact that the RSS REs are punctured by CRS REs.
Proposal 2: 
To support the use of RSS for measurement for both the serving cell and the neighbor cells, the following parameters are proposed to be considered as assistant parameters informed to the UEs capable of using RSS for measurement improvement:
· RSS power boosting information (e.g., RSS-to-CRS power ratio)
· RSS configuration information: per-cell indication of the support of using RSS for measurement
· RSS transmission information: 
· RSS sequence information
· Relationship between the RSS ports and the CRS ports
· CRS port information
2.2 RSS and MGP configuration 
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:
· 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
If using RSS for measurement improvement is supported in connected mode, 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 3: 
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 further consideration: 
· 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)
The measurement performance is proportional to the number of REs used for measurement. Comparing the number of REs available for measurement, the number of RSS REs available for measurement is about 7 times larger than the number of CRS REs for measurement given one NB and one MG length. The measurement performance of using RSS are expected to be better than CRS accordingly. Therefore, we can allow shorter MG length compared with the current fixed 6 ms allowing the measurement in shorter time. Or supporting a new configuration with shorter RSS duration (e.g., 6 ms or shorter) can be considered. The latter is useful especially if the RSS is configured to serve the measurement purpose only as the minimum RSS duration is 8 ms and 2 ms is always out of MG length and wasted from the measurement point of view. 
Proposal 4: 
In consideration of much larger number of RSS REs (compared to CRS REs) available for measurement and therefore increased measurement performance, study if either a shorter MG length or a shorter RSS duration for measurement needs to be supported.
2.3 Relationship between the RSS ports and the CRS ports 
LTE-MTC uses CRS for RSRP/RSRQ measurement. To use the RSS for measurement together with the CRS, we may need some assumptions on the relationship between RSS ports and CRS ports. Currently, there is no assumption on the RSS port itself other than the RSS port is assumed to be unchanged for the 2 consecutive subframes. And the only assumption on the relationship between the RSS ports and the CRS ports is when the CRS is transmitted on a single port, the RSS port shall use the same port as the CRS. For the cases where the CRS are transmitted using multiple ports, the following alternatives can be considered for further discussion.
· Option A) RSS port is fixed to one of the ports used for CRS transmission (e.g., port 0)
· Option B) RSS ports equal to two CRS ports (e.g., port 0 and port 1)
· Option C) RSS port(s) cycles through the ports used for CRS transmission
For option A), when the CRS is transmitted using multiple ports, the RSS port is transmitted using one of the ports used for CRS transmission. For example, the RSS is always transmitted using port 0 regardless of the number of the CRS ports. Option B) provides transmit diversity using more than one ports for RSS transmission. Option C) provides space diversity gain using port cycling technique. The RSS cycles in the time or frequency direction through the ports used for CRS transmission. For example, when the CRS is transmitted using four ports (i.e., port 0/1/2/3), the RSS duration is 8 ms, and the RSS port is assumed to be unchanged for the 2 consecutive subframes, the sequence of RSS ports per subframe are as follows:
RSS port cycling sequence in subframe: 0  0  1  1  2  2  3  3
Proposal 5: 
To support the use of RSS for measurement together with the CRS, we propose to specify the relationship between RSS ports and CRS ports. The following alternatives are proposed for further consideration: 
· Option A) RSS port is fixed to one of the ports used for CRS transmission (e.g., port 0)
· Option B) RSS ports equal to two CRS ports (e.g., port 0 and port 1)
· Option C) RSS port(s) cycles through the ports used for CRS transmission
2.4 Measurement configuration
Currently, the RSS can be configured in any PRBs within the system BW. However, to minimize the frequency hopping for measurement from UE’s perspective, we can consider restricting the frequency location of RSS REs when they are configured for measurement. Also, when multiple RSS REs from different cells are configured within a narrowband, the frequency location can be restricted to avoid partial collision among RSS REs. Furthermore, to reduce the signaling overhead when the frequency location of the RSS is included in the neighbor cell measurement configuration, we can consider putting restrictions on frequency location that the RSS can be placed. For example, if the frequency location of the RSS is fixed, e.g., to center 2 RBs, within the NB, then the signaling overhead is significantly reduced. 
On the other hand, from the UE’s perspective, it would be good if multiple carriers 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. 
Proposal 6: 
In the case where the RSS is configured for measurement purpose, study if the following restrictions on the frequency location of RSS REs needed.
· Configure RSS REs for measurement from different cells within a same narrowband to minimize the frequency hopping for measurement from UE’s perspective
· Do not allow partial overlapping of RSS REs when multiple RSS REs from different cells are configured within a narrowband
· Restrict the frequency location of RSS REs for measurement to reduce the signaling overhead when the RSS configuration for neighbor cells are included in the measurement configuration
3. [bookmark: _GoBack]Conclusion
In this contribution, we discussed parameters to support using RSS for measurement for both the serving cell and neighbor cells, and the issues related to the RSS and measurement configurations. Our proposals are as follows.
Proposal 1: 
From RAN1 perspective, study how to improve the performance using RSS in terms of RSRP measurement for both the serving cell and the neighbor cells.
Proposal 2: 
To support the use of RSS for measurement for both the serving cell and the neighbor cells, the following parameters are proposed to be considered as assistant parameters informed to the UEs capable of using RSS for measurement improvement:
· RSS power boosting information (e.g., RSS-to-CRS power ratio)
· RSS configuration information: per-cell indication of the support of using RSS for measurement
· RSS transmission information: 
· RSS sequence information
· Relationship between the RSS ports and the CRS ports
· CRS port information
Proposal 3: 
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 further consideration: 
· 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 4: 
In consideration of much larger number of RSS REs (compared to CRS REs) available for measurement and therefore increased measurement performance, study if either a shorter MG length or a shorter RSS duration for measurement needs to be supported.
Proposal 5: 
To support the use of RSS for measurement together with the CRS, we propose to specify the relationship between RSS ports and CRS ports. The following alternatives are proposed for further consideration: 
· Option A) RSS port is fixed to one of the ports used for CRS transmission (e.g., port 0)
· Option B) RSS ports equal to two CRS ports (e.g., port 0 and port 1)
· Option C) RSS port(s) cycles through the ports used for CRS transmission
Proposal 6: 
In the case where the RSS is configured for measurement purpose, study if the following restrictions on the frequency location of RSS REs needed.
· Configure RSS REs for measurement from different cells within a same narrowband to minimize the frequency hopping for measurement from UE’s perspective
· Do not allow partial overlapping of RSS REs when multiple RSS REs from different cells are configured within a narrowband
· Restrict the frequency location of RSS REs for measurement to reduce the signaling overhead when the RSS configuration for neighbor cells are included in the measurement configuration
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