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1 Introduction
Release 16 work item on MTC enhancements includes following objective [1]:

	Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2] 


The work to realize this objective has commenced in RAN1, which has discussed and reached some agreements on RSS as informed in the LS to RAN4 in [2]. The agreements include the following:
	RAN1 #94:

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
RAN1 #94bis:

Agreement 

In using RSS for measuring RSRP of neighbour cells, the following parameters are signalled to the UE for each cell:

· ce-rss-periodicity-config: RSS periodicity {160, 320, 640, 1280} ms

· ce-rss-duration-config : RSS duration {8, 16, 32, 40} subframes

· ce-rss-freqPos-config: RSS frequency location (lowest physical resource block number)

· ce-rss-timeOffset-config: RSS time offset in number of radio frames

· ce-rss-powerBoost-config : RSS power offset relative to LTE CRS {0, 3, 4.8, 6} dB

Agreement

The parameters related in the use of RSS for measuring RSRP of cells are signalled in the SI.



In this contribution, we discuss the RSS based RRM measurements based on the above agreements. 

2 Discussion 

2.1 RRM measurement impact
RSS reference signals are much denser than CRS reference signals which is expected to improve the measurement performance, see Figure 1. RSS based RSRP measurement, which is a signal strength measurement, is expected to greatly suppress the bias thanks to the large number of Resource Elements (REs) containing RSS. RAN4 needs to study the RSS based RSRP measurement performance and specify the requirement accordingly. A companion paper with simulation assumptions are presented in [5]. One factor that will affect the measurement performance is whether colliding or non-colliding RSS is used in the measurements. This is currently being discussed in RAN1/RAN2, and RAN4 should consider both options in the simulation assumptions.  
· Proposal #1:  RAN4 studies the RSS based RSRP measurement performance. 
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Figure 1 RSS design
2.2 Measurement gap impact

Use of RSS signals for RRM measurements (both serving- and non-serving carrier measurements) depends a lot on the way RSS is configured. According to current agreements in [2], network can configure RSS with large flexibility, e.g. it does not have a fixed frequency location with respect to center frequency, RSS durations and periodicities can vary between the different cells, etc. With this freedom comes also increased complexity in measurement feasibility which is discussed below.

It is recalled that measurements gaps are repeatedly used for cat-M as they are shared among following type of measurements for cat-M:

· Serving cell measurements

· Intra-frequency neighbour cell measurements

· Inter-frequency neighbour cell measurements

· Intra- and inter-frequency RSTD measurements

The RSRP measurement requirements are specified based on 6 PRBs measurement bandwidth assumption regardless of UE bandwidth or UE category. RSS signals are transmitted over 2 consecutive PRBs in the frequency domain. From a UE measurement perspective, RSS PRBs can be found anywhere in within the system bandwidth and will therefore require measurement gaps. 

· Observation #1: RSS based measurement requires measurement gaps.
Measurement gaps are needed for CONNECTED mode RRM measurements which includes both serving cell- as well as neighbour cell measurements. The legacy measurement gap length is 6 ms, 1 ms is allowed for switching from a current frequency to the target frequency on which the measurement is performed, and another 1 ms is allowed for switching back the current frequency. Thus, the effective measurement time is 4 ms. 

RSS durations which are possible to configure are: {8, 16, 32, 40} subframes, and can be configured with periodicities of {160, 320, 640, 1280} ms. It is noteworthy that new dense gaps were introduced for cat-M in release 15 for RSTD measurements, see below [3]:

Table 1: Additional Measurement Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Measurement Gap Length

(MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Applicability

	rstd0
	10
	80
	NOTE 1, 2

	rstd1
	10
	160
	

	rstd2
	10
	320
	

	rstd3
	10
	640
	

	rstd4
	10
	1280
	

	rstd5
	14
	160
	NOTE 1, 2

	rstd6
	14
	320
	

	rstd7
	14
	640
	

	rstd8
	14
	1280
	

	rstd9
	24
	320
	NOTE 1, 2

	rstd10
	24
	640
	

	rstd11
	24
	1280
	

	rstd12
	32
	320
	NOTE 1, 2

	rstd13
	32
	640
	

	rstd14
	32
	1280
	

	rstd15
	54
	640
	NOTE 2

	rstd16
	54
	1280
	

	rstd17
	64
	640
	NOTE 2

	rstd18
	64
	1280
	

	rstd19
	80
	640
	NOTE 3

	rstd20
	80
	1280
	

	NOTE 1:
For FDD, (MGL-2) shall not be larger than the required minimum number of available measurement subframes specified in Section 9 in the corresponding RSTD measurement accuracy requirements.

NOTE 2:
For TDD, the number of DL subframes within the available measurement time of the measurement gap shall not be larger than the required minimum number of available measurement subframes specified in Section 9 in the corresponding RSTD measurement accuracy requirements.

NOTE 3:
At least one cell in the OTDOA assistance data is configured with multiple PRS configurations


By comparing the RSS durations and periodicities to the new gaps in Table 1, it is observed that some gaps {rstd1, rstd2, rstd3, rstd4} can be used for the RSS based measurements. Since these gaps are explicitly defined for RSTD measurements which has different priorities, it is proposed to define similar measurement gaps for RSS based measurements.

· Observation #2: Some of the measurement gaps {rstd1, rstd2, rstd3, rstd4} defined in release 15 for RSTD measurements are possible to reuse for RSS based RSRP measurement in Release 16.
For the other RSS durations {16, 32, 40}, RAN4 may need to define new gaps for the different periodicities. However, some combinations of RSS durations and periodicities should be avoided as they can degrade the legacy measurement performance. More specifically, the gap combinations which allow large RSS durations with short periodicities can significantly degrade the legacy measurement performance which also require measurement gaps. The legacy impact should be taken into account when defining gap based RSS measurements. In case of overlapping measurement gaps, the legacy gaps (e.g. serving cell measurement gaps, gaps for intra- and inter-frequency CRS based measurements, positioning measurements should always be prioritized.
· Observation #3: New measurement gaps might be needed for RSS based RSRP measurements for neighbour cells depending on RAN1/RAN2 decision. 
The amount of measurement gaps that are needed depends on whether RSS configurations are cell- or carrier specific as exemplified in Figure 2. Figure 2 below shows the two cases. When RSS are aligned between the measured neighbour cells, then it is possible to measure over multiple cells using the same gap in the same carrier.  But this may not be possible with cell specific RSS where UE needs one measurement gap for each cell measurement. This can affect the legacy measurement performance. On the other hand, if serving cell measurements are always prioritized in case of overlapping gaps, then the impact of RSS measurement can be limited, this may also lead to reduced RSS measurement performance. RAN4 needs to study the measurement gap impact on legacy UE procedures (e.g. mobility measurements, RSTD measurements) due to RSS based neighbour cell measurements. 

Proposal #2: RAN4 shall study the impact of measurement gap for RSS based neighbour cell measurements on the legacy measurement performance. 
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Figure 2 Example with aligned and non-aligned RSS configurations 

3 Conclusion

In this contribution, we have discussed the feasibility of RSS based RRM measurements. Based on the discussions we have made following observations and proposals: 
· Observation #1: RSS based measurement requires measurement gaps.
· Observation #2: Some of the measurement gaps {rstd1, rstd2, rstd3, rstd4} defined in release 15 for RSTD measurements are possible to reuse for RSS based RSRP measurement in Release 16.
· Observation #3: New measurement gaps might be needed for RSS based RSRP measurements for neighbour cells depending on RAN1/RAN2 decision. 
· Proposal #1:  RAN4 studies the RSS based RSRP measurement performance. 
· Proposal #2: RAN4 shall study the impact of measurement gap for RSS based neighbour cell measurements on the legacy measurement performance. 
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