[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Ref32174880][bookmark: _Ref32174894][bookmark: _Toc33937155][bookmark: _Toc33937288][bookmark: _Toc64436179][bookmark: _Toc201556294]3GPP TSG RAN WG1 Meeting #92bis	R1-1804602
Sanya, China, April 16th – 20th, 2018

Agenda Item:	6.2.6.1
Source: 	Sony 
Title:	Considerations on eSS for efeMTC
Document for:	Discussion / decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92 we made the following Working Assumption:
· For eMTC, a new periodic synchronization signal is introduced.
· The new periodic sync signal is configurable (including OFF/ON configuration)
· FFS on the functionality/information provided by the synchronization signal, including 
· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs
· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.
· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal
· System information change notification
· FFS on location of the sync signal
· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)
· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

For the new sync signal, we made the following agreements:
The new periodic synchronization signal has the following characteristics:
· The new periodic synchronization signal can be used for re-synchronization
· One (or more) complex valued base sequence(s) Si spanning at least one symbol
· FFS: New synchronization signal may include a cover code that may be applied to the repetitions. Candidate operations for the cover code include 
· Multiplication with {+1, -1}, i.e. {Si, -Si}
· Multiplication with {1, e-ja}
· Complex conjugation, i.e. {Si, Si*}
Other operations are not precluded.

This “new sync signal” will be referred to as the enhanced Sync Signal (eSS) in this contribution.  We will discuss some aspects of the eSS.
2. Discussions
2.1 eSS Sequence
In RAN1#92, the proposed base sequences for eSS are ZC [1], [2], Gold sequence [3] and M-sequence [4].  In [1], it is shown that a sequence based on ZC can support operation at 164 dB MCL with about 68 repetitions.  ZC is used in LTE PSS and has proven to be effective for (re)synchronisation, which is also the main objective for the introduction of eSS (i.e. quick re-sychronisation).  LTE PSS is also used by eMTC UEs and hence they already have the capability to process such a sequence.  Hence, we have a preference to use ZC as the base sequence for eSS.
Proposal 1: The base sequence for eSS uses ZC.

The eSS can use a long (ZC) sequence occupying an entire subframe or a short (ZC) sequence occupying an OFDM symbol.  It should be appreciated that in NB-IoT a short sequence is used for the NPSS.  We have a slight preference for a short sequence.
Proposal 2: A short ZC sequence in frequency domain occupying an OFDM symbol is used for eSS.

The eSS can be repeated and to ensure that the start of the eSS can be identified by the UE, a cover code can be used.  In [1] we proposed cover code using PN sequence and each pair of OFDM symbols of the resultant sequence is multiplied by {1, e-ja} in the time domain for inter-cell interference mitigation purpose.  
Proposal 3: A cover code is applied to the base ZC sequence of the eSS and the resultant sequence is multiplied by {1, e-ja} in the time domain for each pair of OFDM symbols.

In [3] and [5], it is proposed that the eSS occupies 2 or 1 PRB to reduce UE complexity in detecting the eSS.  It is claimed that the re-synchronisation time for eSS using 2 PRB is the same as that for eSS using 6 PRB assuming PSD boosting is available for the 2 PRB case.  However, in addition to providing re-sync, the eSS is also expected to provide information to the UE as described in section 2.2.  Since a longer sequence can provide larger Hamming distance separation compared to that of a shorter sequence, we expect that an eSS occupying 6 PRB can thereby provide a longer eSS sequence and hence better decoding performance compared to that of an eSS sequence occupying 2 PRB or less.
Proposal 4: The eSS occupies 6 PRB in the frequency domain.

2.2 [bookmark: _Ref510687025][bookmark: _Ref510690524]eSS Information
In [2], it is proposed that the eSS indicates the PCID of the serving cell so that an MTC UE can verify that it is still in the same cell after a long sleep.  There can also be benefit in terms of neighbor cell measurements, where the eSS is used for measurement purposes.  There are 504 PCIDs in LTE and these can be indicated by a combination of different ZC root sequences and cover codes.
Proposal 5: The eSS indicates the PCID of the serving cell using a combination of different ZC root sequences and cover codes.

Since we are going to introduce a new signal, it is also beneficial that it can also indicate other information in addition to PCID.  It should be appreciated that the aim of introducing eSS is to reduce the UE’s acquisition time after a long DRX cycle and therefore, it would be highly beneficial if the UE can avoid re-reading the MIB and SIB.  One way of doing this is to indicate whether there is a MIB or SIB change in the eSS.
Proposal 6: The eSS indicates whether there is any changes to the MIB/SIB.

2.3 Diversity
Diversity schemes such as transmit diversity and frequency diversity can provide gains in the detection of eSS and thereby reduce the repetitions required especially at high MCL, which would directly reduce the acquisition time.  
We introduced subframe level switched Tx Diversity for Wake Up Signal (WUS), where the UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.  The eSS provides synchronisation at the UE when the UE detects the WUS. Hence for WUS the UE knows where the subframe boundaries are due to the a-priori synchronisation. Coherent combination across samples and symbols is considered in [2] in order to improve performance. The ability to perform this coherent combination would be impaired or complicated if the UE did not know when an antenna switch occurred (due to timing drift). Hence, for eSS, where the UE may not be synchronized and may not be aware where the subframe boundaries are, subframe level switch Tx Diversity may not be feasible.
Observation 1: Subframe level Tx Diversity may not be feasible for eSS due to time drifts.

Similarly, frequency diversity for eSS needs to also take into account time drift, i.e. TeDrift, at the UE.  In [1] we proposed some overlaps between the two hopped frequencies as shown in Figure 1.  Here, the frequency hopping period is TFH but instead of changing frequency every TFH period, at the eNB, the transmission in one frequency is extended by the time drift.  Meanwhile the UE would switch its frequency every TFH period as usual but it would be able to switch its detection frequency with an error of up to TeDrift.  For example, in Figure 1, a UE would start detection of eSS at time t0 at frequency f1 and would switch its frequency to f2 after TFH, i.e. at time t2.  The eNB, instead of starting transmission at f2 at time t3, it would start its transmission early at time t2 but it would not terminate its transmission in f1 until time t3.  Hence using such transmission allows a UE with time drift to synchronise to a frequency hopped eSS.

[image: ]
[bookmark: _Ref498698291]Figure 1: eSS frequency hopping
Proposal 7: eSS supports frequency hopping, where the eSS transmissions between two hopped frequencies overlap in time by an amount equal to the maximum UE time drift.

2.4 [bookmark: _Ref510690070]Configuration
The eSS is used for re-synchronisation not initial sync and hence there is no need for it to be located at the centre of the system bandwidth. Furthermore, these central 6 PRBs are already congested with PBCH repetitions and LTE PSS and SSS.  The eSS can therefore be configured to occupy any narrowband in the system bandwidth.
Proposal 8: The narrowband occupied by the eSS is configurable.

In the time domain, the eSS is transmitted periodically, that is a burst of eSS transmission with duration TeSS occurs periodically with a periodicity of PeSS as shown in Figure 2.
[image: ]
[bookmark: _Ref510626242]Figure 2: eSS transmission duration and period

As noted previously, the objective of introducing eSS is to reduce UE (re)acquisition time and so the time duration of an eSS transmission duration should provide sufficient repetitions for the UE to achieve synchronization. That is the UE should not be required to accumulate eSS samples across multiple eSS periods.  The transmission duration of the eSS depends on the coverage level of the cell and therefore it should be configurable since the coverage level is configurable.  Here we expect that a maximum eSS duration of 40 ms is sufficient for 164 dB MCL.  The periodicity should not be so long such that the UE losses sync and so a range between 100 ms to about 1 second is sufficient. A longer periodicity does however reduce the ambiguity about SFN and reduces requirements to read MIB, thus saving battery power.  
It is shown in [6] for the operation of Wake Up Signal with eSS, the maximum energy saving is achieved when the eSS is placed just prior the first WUS of a PTW since this would minimise the ramp up and ramp down time required to detect the eSS.  In order to implement this, a time offset or the starting SFN (time) of the eSS shall also be configurable.
Proposal 9: The transmission duration, periodicity and time offset (starting SFN) of the eSS is configurable.

These configuration parameters of the eSS can be broadcasted in the SIB.
Proposal 10: The eSS parameters are broadcasted in the SIB.

2.5 Mobility Support
Since eSS is transmitted in a known periodic manner, it can be used for measurement purpose.  That is in addition to CRS, eSS which is transmitted densely in time and frequency can improve the accuracy of UE measurements (e.g. RSRP) especially at high MCL.
Proposal 11: eSS is used to improve UE measurements.

If eSS provides PCID, the UE can also use this for neighbor cell measurements.  That is eSS 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 eSS configuration of its neighbor.  This can be provided in the SIBs of the serving cell.  Providing the neighbor cells’ eSS 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 eSS of its neighbor to determine its new serving cell.
[bookmark: _GoBack]Proposal 12: The eSS configurations of the neighbor cells are broadcasted in the SIB.


3.   Conclusion
In this contribution we discuss considerations in introducing eSS. We observe the following:
Observation 1: Subframe level Tx Diversity may not be feasible for eSS due to time drifts.

We therefore propose the following:
Proposal 1: The base sequence for eSS uses ZC.
Proposal 2: A short ZC sequence in frequency domain occupying an OFDM symbol is used for eSS.
Proposal 3: A cover code is applied to the base ZC sequence of the eSS and the resultant sequence is multiplied by {1, e-ja} in the time domain for each pair of OFDM symbols.
Proposal 4: The eSS occupies 6 PRB in the frequency domain.
Proposal 5: The eSS indicates the PCID of the serving cell using a combination of different ZC root sequences and cover codes.
Proposal 6: The eSS indicates whether there is any changes to the MIB/SIB.
Proposal 7: eSS supports frequency hopping, where the eSS transmissions between two hopped frequencies overlap in time by an amount equal to the maximum UE time drift.
Proposal 8: The narrowband occupied by the eSS is configurable.
Proposal 9: The transmission duration, periodicity and time offset (starting SFN) of the eSS is configurable.
Proposal 10: The eSS parameters are broadcasted in the SIB.
Proposal 11: eSS is used to improve UE measurements.
Proposal 12: The eSS configurations of the neighbor cells are broadcasted in the SIB.
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