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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92bis we agreed the following:
· Resynchronization signal (RSS) configuration information is provided in SIB.
· The frequency location[s] of the RSS are configurable. Details are FFS.
· The UE can assume that the transmission of RSS in subframes (2n, 2n+1) is from the same antenna port at least when TxD is used. 
· FFS if TX diversity is signaled to UE.
· The periodicity of the first subframe of RSS is configurable to 160, 320, 640 and 1280 ms.
· In addition, time offset is configurable 
· FFS: Details
· The RSS provides information about at least cell id.

· The RSS should be designed taking into account the correlation properties with other LTE signals.
· The RSS transmission length is configurable in SIB 
· The RSS base sequence duration is down selected from 1 and 11 symbols.

· WUS subframe is postpone
· when colliding with SIB1-BR PRBs
· in non-BL/CE subframes.
· FFS: when colliding with the PRBs that carry SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration 
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced 


In RAN1#92bis, we made the following working assumption.
· The RSS bandwidth is 2 PRBs. 
· FFS whether the 2PRB sequence is repetitions in the frequency domain of 1 PRB sequence.
· Confirmed when analysis shows enough sequences with good cross correlation, without significantly increasing the time duration compared to 6 PRBs, can be found.

This contribution discusses remaining issues in Resynchronization Signal (RSS).
2. Discussions
2.1 RSS Sequence
In selecting the bandwidth of the RSS, the UE complexity and the duration in detecting the RSS need to be balanced.  Analysis in [1] & [2] show that the complexity of detecting a 6 PRB RSS is significant compared to that of a 2 PRB RSS.  Although the complexity in detecting a 1 PRB RSS is less than that of a 2 PRB RSS, simulations in [3] showed a loss of around 2 dB in using 1 PRB compared to using a 2 PRB RSS.  It is also shown in [1], [2], [3] that the RSS duration required for a 6 PRB RSS can be maintained in a 2 PRB RSS by power boosting the RSS.  Hence, we would propose to confirm the working assumption that the RSS bandwidth is 2 PRB.
Proposal 1: Confirm the following working assumption:
· The RSS bandwidth is 2 PRBs. 

The RSS is required to indicate at least 504 different states to signal the PCID and hence a longer sequence length is preferred over a shorter one to provide larger Hamming distances among the different states.  Therefore, it is proposed that the 2 PRB RSS sequence is NOT a repetition in the frequency domain of 1 PRB sequence.
Proposal 2: The 2 PRB RSS sequence is NOT a repetition in the frequency domain of a 1 PRB sequence.

2.2 RSS Information
In [4], it is shown that even with an advanced receiver, reading the MIB can take up to 250 ms.  Hence it is beneficial that the RSS can tell the UE to skip MIB.  
Observation 1: Decoding the MIB can consume a significant amount of time at the UE.

The RSS needs 1008 states if it needs to signal the PCID and MIB change indicator.  However, there is no need to signal both parameters (PCID and MIB change) at the same time and it is sufficient to signal either PCID or MIB change indicator and this will require just one additional state.  That is the RSS needs only 504 + 1 = 505 states in order to signal PCID or MIB change indicator.
Observation 2: In addition to PCID, the RSS can signal a MIB change indicator with only 1 additional state, i.e. a total of 505 states.

It should be appreciated that the MIB rarely changes and so the UE can perform a serial detection firstly on the PCID and only failing that the UE would attempt to detect the RSS using the 505th state (sequence for MIB change indicator).  Although when the RSS indicates a MIB change it cannot also signal the PCID, the UE can verify the PCID by decoding the MIB.  Since the MIB is scrambled by the PCID, successful decoding of the MIB would automatically verify the PCID.  The indirect method of obtaining the PCID via the MIB does not increase the UE complexity since the UE has to read the MIB anyway when the RSS indicates a MIB change.  If the UE fails to detect the RSS using the sequence for the PCID or MIB change indicator, or the UE fails to decode the MIB, then the UE would have likely changed cell and as a consequence of that, it will have to detect the PSS/SSS.  NOTE: The UE has to do this step anyway even in the case where the RSS indicates only the PCID.  Hence, decoding the RSS for possible MIB change does not impose any significant complexity at the UE.
Observation 3: Decoding the RSS for possible MIB change does not significantly increase the UE complexity.

When there is a SIB1-BR or MIB change, the change indicator at the MIB will be set for several hours (24 hours) and therefore the RSS would need to signal MIB change indicator rather than the PCID during this period.  Here the UE would need to verify its PCID using either PSS/SSS or has to consistently decode the MIB which is not desirable.  However, this can be up to UE implementation since once the UE has successfully updated the MIB and SIB1-BR/SI, and knowing the modification period, the UE does not need to re-update its MIB and SIB1-BR/SI again.  It can easily verify its PCID using the CRS since it could sync using the RSS.  We do not see major issues with using the RSS to indicate the PCID or the MIB change and doing this offers significant benefits as this will save significant decoding time at the UE, which is an objective of this WI.
Proposal 3: Introduce an additional state in the RSS to indicate the MIB change, i.e. the RSS can signal the PCID or the MIB change using 505 states.

It would be highly beneficial if the RSS has reserved states that can be used for other indications in future releases since the RSS is likely the first thing that the UE will look for upon waking up from sleep.  For example the RSS can be designed to indicate 9 bits worth of information, i.e. 512 states and only 504 of these states are used to signal PCID, leaving 8 reserved states for future use.
Proposal 4: Introduce reserved states in the RSS for future indications.

2.3 Collision
In Rel-13 eMTC, repetitions colliding with non BL/CE subframes are postponed.  This behavior is also agreed for WUS in RAN1#92bis.  Hence, we propose the same behavior for RSS: that is the RSS repetitions that collide with non BL/CE subframes are postponed.
Proposal 5: RSS subframes that collide with non BL/CE subframes are postponed.

In Rel-13 eMTC, MPDCCH/PDSCH repetitions colliding with SIB1-BR are dropped.  However, it is agreed in RAN1#92bis that WUS PRBs that collide with those of SIB1-BR are postponed.  We prefer to maintain Rel-13 behavior and hence propose that the RSS subframes with PRBs that collide with SIB1-BR PRBs are dropped.
Proposal 6: RSS subframes with RSS PRBs that collide with SIB1-BR PRBs are dropped.

In Rel-13 eMTC, MPDCCH/PDSCH repetitions colliding with SI are dropped.  This behavior is also agreed for WUS subframes in RAN1#92bis.  We prefer that this behavior is maintained and propose that RSS subframes with PRBs that collide with SI PRBs are dropped.
Proposal 7: RSS subframes with RSS PRBs that collide with SI PRBs are dropped.

2.4 Mobility Support
Since RSS is transmitted in a known periodic manner, it can be used for measurement purposes.  That is in addition to CRS, RSS which is transmitted densely in time and frequency, can improve the accuracy of UE measurements (e.g. RSRP) especially at high MCL.
Proposal 8: RSS is used to improve UE measurements.

Since RSS also provides PCID, the UE can also use this for neighbor cell measurements.  That is RSS can be used in addition to CRS, PSS and SSS of the neighbor cell to improve the accuracy of the neighbor cell measurements.  However, to achieve this, the UE needs to know the RSS configuration of its neighbor.  This can be provided in the SIBs of the serving cell.  Providing the neighbor cells’ RSS configuration is also useful for PSM operations since it may be possible for a UE to wake up from PSM in another cell and the UE can use the RSS of its neighbor to determine its new serving cell.
Proposal 9: The RSS configurations of the neighbor cells are broadcasted in the SIB.

2.5 RSS Configuration
A main benefit of the RSS is that it saves UE power by allowing it to sync faster when it wakes up.  Hence, the periodicity of the RSS configuration should be such that it maintains the UE sync prior to monitoring for the PO.  An example configuration would be to ensure the RSS periodicity does not lead to the UE clock drift more than 10% of the symbol period or alternatively provide at least an RSS for each PO cycle.
Proposal 10: The configuration of the RSS periodicity should ensure at least an RSS prior to a PO cycle thereby maintaining sync prior at the UE prior to monitoring its PO.

3.   Conclusion
In this contribution we discuss the remaining issues in RSS.  We observed the following:
Observation 1: Decoding the MIB can consume a significant amount of time at the UE.
Observation 2: In addition to PCID, the RSS can signal a MIB change indicator with only 1 additional state, i.e. a total of 505 states.
Observation 3: Decoding the RSS for possible MIB change does not significantly increase the UE complexity.

We therefore propose the following:
Proposal 1: Confirm the following working assumption:
· The RSS bandwidth is 2 PRBs. 
Proposal 2: The 2 PRB RSS sequence is NOT a repetition in the frequency domain of a 1 PRB sequence.
Proposal 3: Introduce an additional state in the RSS to indicate the MIB change, i.e. the RSS can signal the PCID or the MIB change using 505 states.
Proposal 4: Introduce reserved states in the RSS for future indications.
Proposal 5: RSS subframes that collide with non BL/CE subframes are postponed.
Proposal 6: RSS subframes with RSS PRBs that collide with SIB1-BR PRBs are dropped.
Proposal 7: RSS subframes with RSS PRBs that collide with SI PRBs are dropped.
Proposal 8: RSS is used to improve UE measurements.
Proposal 9: The RSS configurations of the neighbor cells are broadcasted in the SIB.
[bookmark: _GoBack]Proposal 10: The configuration of the RSS periodicity should ensure at least an RSS prior to a PO cycle thereby maintaining sync prior at the UE prior to monitoring its PO.
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