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Introduction
This document discusses the advantages of an increased reference signal density (e.g. a dense PSS burst) on the UE resynchronization procedure (timing and CFO tracking loops) and the RSRP/RSRQ measurements.  Improving the resynchronization procedure will not only improve the battery performance by reducing the UE’s “ON” time required for reacquisition, but also  provides a more accurate and reliable mechanism to operate  in very low SNRs. Improving the RSRP/RSRQ measurement procedure will both improve the measurement accuracy and reduce the measurement time, thus reducing the power consumption of the UE. 

RAN1 work item [6] indicates:
“reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction”.
Thus, this contribution is clearly within the scope of the WID.
PSS Burst (e.g. Enhanced PSS)
One example of how the PSS density could be increased has been presented in [1, 5] and was referred to as “Enhanced PSS” (ePSS). The ePSS is a burst of PSS copies transmitted in the RE’s normally reserved for the PDSCH.  The ePSS is a longer sequence (twice the length of PSS) and multiple copies (e.g. 6 ) can be sent in one sub-frame. Hence, the ePSS can be used for re-synchronization when the UE wakes up from a DRX cycle or from the PSM mode and can be used to improve the RSRP/RSRQ measurement quality and measurement speed. The periodicity of the ePSS burst will depend on the extent of improvement required in the quality of the RSRP/RSRQ measurement, but should be in the order of once every 100ms as indicated in [1]. The figure below shows an example of the ePSS using 2 SF:
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RSRP/RSRQ Measurement 
The LS response [2] from RAN4 to RAN1 on the RSRP/RSRQ measurement performance has stated the following: 
“Based on the simulation results in fading channels, it has been shown that Rel-12 Category 0 UE measurement performance requirements cannot be met for UEs requiring coverage enhancement.”
Although RAN4 could lower the performance requirements for UEs in coverage enhancement, it would be better if the RSRP/RSRQ measurement is as accurate as possible, especially since this measurement is used to determine the level of PRACH repetition. Results in [7] have shown that using a longer and dense reference signal can improve RSRP/RSRQ accuracy. 
“Proposal 1: A longer and denser reference signal shall be considered as the measurement reference signal for UEs in enhanced coverage.”

The RAN4 LS [2] also stated:
“Simulation results have shown also that the measurement performance can be further improved by further increasing the measurement period.”
Some results from [4] indicated that beyond 800ms may be required to get the desired measurement quality. Even though the accuracy can be increased by lengthening the measurement period, this comes at the cost of increasing the battery consumption, slowing the measurement response time, and thus slowing message transmit time. Therefore, lengthening the measurement period is not an ideal solution.

Observation: Increased RSRP/RSRQ measurement time will increase the battery consumption, slow the measurement response time and thus slow the message transmission time.

Observation: Increasing the PSS density can improve the RSRP/RSRQ measurement accuracy at low SNRs

Resynchronization (CFO and TO tracking)
At RAN4#75, the WF in [8] was agreed and states:
“The following area is identified as interest for further study - Frequency Offset (FO)- and Time Offset (TO) tracking at enhanced coverage.”

This action is a result of some companies within RAN4 observing that the ability of the UEs to obtain CFO and timing tracking is unreliable at low SNRs.  For example in [9], it shows that in some cases, the UE was not able to obtain timing at all at low SNRs with the following observation:
“Observation 2, To define the accuracy requirement, the reliable tracking performance should be ensured. For SNR <= -14dB, the tracking loop doesn’t converge.”

In [5], the sensitivity of the UE decoding performance to timing offset was determined. The timing reacquisition mechanisms using the legacy CP correlation and PSS/SSS detection were examined. The following observations were made
“At SNR = -14.2dB (i.e. the SNR for 15 dB coverage gain), symbol timing recovery using CP correlation requires 600ms which is longer than PSS/SSS detection of 360ms [1] which is very high.”

Observation: The CFO and timing tracking loops may not always converge or the convergence time is lengthy at low SNRs.

The following observations were made in [1] WRT to power savings obtained from the improved re-synchronization time through the use of an enhanced PSS:
· Transmitting ePSS at a known SFN eliminates the requirement for the UE to decode PBCH after long DRX sleeps. 
· Using an ePSS can improve battery life by more than 4X. 
In [5], it was shown that
· Battery life improves significantly with the use of ePSS especially for DRX cycle lengths <=10sec. 

Observation: The convergence time for the CFO and timing tracking is dramatically shortened when a denser PSS burst is used. 

Conclusion
Observation: Increased RSRP/RSRQ measurement time will increase the battery consumption, slow the measurement response time and thus slow the message transmission time.

Observation: Increasing the PSS density can improve the RSRP/RSRQ measurement accuracy at low SNRs

Observation: The CFO and timing tracking loops may not always converge or the convergence time is lengthy at low SNRs.

Observation: The convergence time for the CFO and timing tracking is dramatically shortened when a denser PSS burst is used. 

[bookmark: _GoBack]Summary observation: Specifying a dense reference signal burst will help to
· Improve RSRP/RSRQ quality w/o extending the measurement time
· Shorten and improve resynchronization reliability 

Proposal: Specify a periodic dense reference signal burst. 
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