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Introduction
LTE-MTC Release 15 introduces the resynchronization signal (RSS) [1][2]. The revised WID of Additional MTC enhancements for LTE states that [3]:
The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.
Mobility enhancement:
Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]

In RAN1 #94 the following agreement was made regarding using RSS for mobility enhancements [5]:
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

This contribution further treats the topic of using RSS for mobility enhancements. An accompanying contribution treats higher layer aspects.
[bookmark: _Ref178064866]Discussion
Release 15 of LTE-M introduced the resynchronization signal (RSS) for enabling UEs to resynchronize towards the network more efficiently [2]. During that work, it was also realized that the RSS may beneficially be used for measurements improvements, e.g., serving cell or neighboring cell measurements. To this end, it was agreed to include an information element in the RRC configuration specifying the power offset of RSS relative to CRS in Rel-15. However, time didn’t allow full specification of any RSS-based measurement, which instead was postponed to Rel-16.
RSS properties
The new resynchronization signal (RSS) is a signal that will assist UEs in poor coverage to achieve network synchronization. This is achieved by providing substantial synchronization energy over a short time interval. RSS is allocated to the 11 contiguous symbols in a subframe, spanning 2 PRBs in the frequency domain. Both the duration and the periodicity of RSS are configurable. RSS may take durations of 8 to 40 ms and periods of 160 to 1280 ms.
Apart from being cell specific, RSS also provides information about systemInfoUnchanged-BR-R15 such that the sequence is depending on it. When using RSS for measurements that are limited to a single RSS burst, this is not a problem, since the systemInfoUnchanged-BR-R15 indication in RSS is not updated within the same burst. It may however need to be considered if measurements span multiple RSSs.
The RSS antenna port diversity pattern is well defined, allowing for further advantageous diversity measurements, provided that the measurements are properly defined, e.g., to measure over consecutive subframes, in order to cover multiple diversity patterns. Here it may be worthwhile to point out that the specification does not define any relation between the RSS antenna ports and the CRS antenna ports, why any combining of the two may prove difficult. However, considering the signal energy in a 2 PRB wide RSS is approximately 5 dB larger than that of 6 PRB wide CRSs (assuming 2 CRS ports), combining is of little use anyway.
[bookmark: _Toc525920422]RSS signal energy is substantially higher than CRS signal energy.
However, due to the long RSS periodicities, RSS may not be available for measurement when a UE wakes up, in particular with an extended sleep duration and a UE significantly out-of-sync. Here, a UE may instead opt to use CRS-based measurements. Consequently, the relation between CSR-based and RSS-based measurements must be carefully studied, e.g., in terms of power and effects from using different and unknown antenna ports.
[bookmark: _Toc525920423]The relation between CRS-based and RSS-based measurements must be studied.
Idle and connected mode measurements
UEs perform mobility measurements in both idle and connected mode. However, the circumstances differ significantly between the two in that the UE independently performs idle mode measurements, typically in relation to the DRX, whereas in connected mode, the UE is confined to network specified measurements gaps for its measurements.
Connected mode measurement gaps are 6 ms long of which 5 ms are used for measurements. Additionally, considering downlink HARQ feedback, in practice, the gap during which a UE is ill suited to be scheduled is in practice about 10 ms long. Furthermore, gaps are usually scheduled every 40 or 80 ms, with which all configurable RSS periodicities are evenly divisible. Consequently, it is not possible to use the whole RSS for measurements, but that is also not necessary.
[bookmark: _Toc525920424]All configurable RSS periodicities are evenly divisible with measurement gap periodicities.
[bookmark: _GoBack]In order to maintain network performance, the network typically allocates UEs into multiple groups, each with its own network gap. In legacy measurements, this is not a problem since the CRSs, that are used for measurements, appear evenly throughout carrier, in both time and frequency. That is not the case with the RSS, and considering the above measurement durations, it may be difficult to fit multiple groups when using the shortest RSS configuration. Figure 1 illustrates this effect using RSS with 8 and 16 ms durations. In Figure 1 (a), for the 8 ms RSS case, the two groups are overlapping which will prevent the network from scheduling UEs in any of the groups during the measurement phase, whereas in Figure 1 (b), for the 16 ms RSS case, the groups do not overlap, allowing one group to be scheduled while the other performs measurements.


[bookmark: _Ref525810603]Figure 1: Network scheduling effects from measurement gaps on different RSS durations of, in (a), 8 ms and, in (b), 16 ms RSS.
[bookmark: _Toc525920425]Multiple measurement groups may be difficult with the shortest RSS duration.
 RSS usage options
RSS is likely highly suitable for RRM measurements in that it provides a substantial amount of signal energy in a short period of time, allowing for accurate and efficient measurements. This is particularly useful in the enhanced coverage levels that some BL/CE UEs operate in. In addition, the RSS sequence is cell specific with negligible neighboring cell interference from other RSSs. There are two ways that improved measurement from using RSS-based measurements could be used. Either to improve measurement accuracy, or to improve measurement time, or, of course, a combination of the two.
[bookmark: _Toc525920426]RSS-based measurements could be used for improved measurement accuracy, improved measurement time, or both.
Configurability of the RSS may cause unforeseen measurement effects, e.g., due to varying periodicity, why such measurements need to be studied. Also, the difference in bandwidth compared to CRS measurements should at least be considered, possibly without the need for further actions. Finally, RSS predictability in terms of puncturing and postponement schemes should be included.
[bookmark: _Toc525920427]RSS configurability requires careful studies of RRM measurements based on RSS.
It is primarily RAN4 that is responsible for such studies, but also RAN2 may be involved due to the above or other issues. However, depending on the outcome it should be up to RAN4 to make that decision. For that reason, the following is proposed:
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Hlk525323138][bookmark: _Toc525920428]Send an LS to RAN4 (cc RAN2) to study and decide if RSS based serving and/or neighbor cell RRM measurements (RSRP/RSRQ) are feasible.
Conclusion
In the previous sections we made the following observations: 
Observation 1	RSS signal energy is substantially higher than CRS signal energy.
Observation 2	The relation between CRS-based and RSS-based measurements must be studied.
Observation 3	All configurable RSS periodicities are evenly divisible with measurement gap periodicities.
Observation 4	Multiple measurement groups may be difficult with the shortest RSS duration.
Observation 5	RSS-based measurements could be used for improved measurement accuracy, improved measurement time, or both.
Observation 6	RSS configurability requires careful studies of RRM measurements based on RSS.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Send an LS to RAN4 (cc RAN2) to study and decide if RSS based serving and/or neighbor cell RRM measurements (RSRP/RSRQ) are feasible.

[bookmark: _In-sequence_SDU_delivery]References
R1-1807935, Introduction of Even Further Enhanced MTC for LTE, Ericsson, Busan, Korea, May 2018.
TS 36.211, E-UTRA Physical channels and modulation, 3GPP TSG-RAN, Release 15.2.0, June 2018.
RP-181878, Revised WID: Additional MTC enhancements for LTE, Ericsson, RAN #81, Gold Coast, Australia, September 2018.
R2-1814113, RSS for measurement improvements in LTE-MTC, Ericsson, Chengdu, P.R. China, October 2018.
Chairman’s Notes, 3GPP, RAN1 #94, Gothenburg, Sweden, August 2018.
image1.emf
RSS

Measure-

ment

HARQ buffer

loss

Measure-

ment

HARQ buffer

loss

RSS

Measure-

ment

HARQ buffer

loss

Measure-

ment

HARQ buffer

loss

Measurement

group B

Measurement

group A

(a)

(b)


Microsoft_Visio_Drawing.vsdx
RSS
Measure-ment
HARQ buffer
loss
Measure-ment
HARQ buffer
loss
RSS
Measure-ment
HARQ buffer
loss
Measure-ment
HARQ buffer
loss
Measurement
group B
Measurement
group A
(a)
(b)



