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[bookmark: _Ref498695907]Introduction
The Rel-15 WI on “Even further enhanced MTC for LTE” [1] has the following WI objective for machine-type communications for BL/CE UEs:
· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance
The topic was discussed in several contributions in recent meetings, and RAN1 has agreed to consider the following list of possible improvement candidates [2]:
· Techniques for system acquisition time reduction to be considered:
· PSS/SSS
· Enhanced (e.g. repeated) PSS/SSS based on PSS/SSS or NPSS/NSSS design
· Use of NPSS/NSSS on NB-IoT anchor carrier
· PBCH
· Enhanced (e.g. repeated) PBCH based on PBCH or NPBCH design
· Use of NPBCH on NB-IoT anchor carrier
· Combining across 40-ms PBCH periods (unless already part of Rel-14 demodulation requirements)
· New mechanism allowing to skip MIB message reading
· SIB1-BR
· Additional repetitions of SIB1-BR
· Accumulation across SIB1-BR modification periods (unless already part of Rel-14 demodulation requirements)
· New mechanism allowing to skip SIB1-BR reading
· E.g. SI update indication or other indication in MIB or another channel
· SI messages
· Additional repetitions of SI messages 
· Accumulation across SI modification periods
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel

Possible enhancements to the time and frequency synchronization for reducing system acquisition time have been discussed in RAN1, particularly the introduction of a new periodic synchronization signal for re-synchronization. In relation to this, the following agreements have been made [3]:
RAN1#92 discussed new periodic sync signal and wake-up signaling (jointly with NB-IoT) and made the following agreements (also listed in the next section):

· Working assumption:
· On NB-IoT WUS:
[…]
· On eMTC WUS/sync: [36.211]
· 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.
· RAN1 sent an LS to RAN4 (cc RAN2) in R1-1803150
· RAN1 agreed that if RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS in the LS to RAN4, the whole working assumption above (on NB-IoT WUS and eMTC WUS/sync) is automatically confirmed.

RAN1#92 discussed further aspects of reduced system acquisition time and made the following agreements:

· The new periodic synchronization signal has the following characteristics: [36.211]
· 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.
· For further study: 
· Base sequence selection
· New synchronization signal bandwidth
· Information content and provision (if any)
· Configurability 
· Time and frequency domain location 
· Diversity schemes (if any)

· […]

RAN1#92bis discussed reduced system acquisition time and made the following agreements: [36.211]

· [bookmark: _Hlk507512831]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.

· 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.

· 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.

It shall be noted that these working assumptions have been automatically confirmed in accordance with the RAN4 reply LS [4] on RRM measurement relaxations for NB-IoT UEs operating WUS.
Furthermore, the following list of RRC parameters related to RSS has been agreed [5]:  
	Sub-feature group
	RAN1 specification
	Parameter name in specification
(suggestions/examples)
	Description
	Value range
	UE, Cell or CE level specific

	Resynchronization signal (RSS)
	36.211
	ce-rss-freqPos-config
	Frequency position of RSS for BL/CE UEs
	FFS
	Cell specific

	Resynchronization signal (RSS)
	36.211
	ce-rss-timeOffset-config
	Time offset of RSS for BL/CE UEs
	FFS
	Cell specific

	Resynchronization signal (RSS)
	36.211
	ce-rss-duration-config
	Duration [in subframes] of RSS for BL/CE UEs 
	FFS [subframes]
	Cell specific

	Resynchronization signal (RSS)
	36.211
	ce-rss-periodicity-config
	Periodicity (in ms) of RSS for BL/CE UEs 
	{160, 320, 640, 1280} [ms]
	Cell specific



In this contribution we will further elaborate on open issues related to the new re-synchronization signal. 
Resynchronization signal (RSS) open issues
[bookmark: _Toc510659485][bookmark: _Toc510660813][bookmark: _Toc510661283][bookmark: _Toc510661304][bookmark: _Toc510661325][bookmark: _Toc510661364][bookmark: _Toc510677156][bookmark: _Toc510678115][bookmark: _Toc510728058]We will now review the different open issues related to the new re-synchronization signal. 

Configurability details
First, the open issues related to the RRC parameter list will be addressed. There is a working assumption that the RSS bandwidth is 2 PRBs, provided enough sequences can be found. Since this is the case, as will be shown below, we propose that the RSS can be located in any two contiguous PRBs, not necessarily within a narrowband. Therefore, we propose that the RRC parameter related to RSS frequency position describes the lowest resource block number of the RSS, i.e. as an integer with a range of [0..99]. It is up to RAN2 to decide whether the upper limit reflects the actual maximum value for system bandwidths lower than 20 MHz.
[bookmark: _Toc513624440][bookmark: _Toc513624672][bookmark: _Toc513628009][bookmark: _Toc513628106][bookmark: _Toc513743385][bookmark: _Toc513766722][bookmark: _Toc513767223][bookmark: _Toc513767338][bookmark: _Toc513810074]The frequency location of the RSS is configured by indicating the lowest resource block number as an integer in the range [0..99].
The RSS starting position in time is advantageously set as an offset in relation to a grid defined by the RSS periodicity with agreed possible values of {160, 320, 640, 1280} ms, which correspond to {64, 32, 16, 8} RSS transmissions within the SFN wraparound time of 10.24s. If the full flexibility of RSS starting occasion shall be provided, the offset value for the longest duration would span the range [0..1279], which is represented by 11 bits. However, considering that the minimum RSS length will anyway span several subframes, we believe a lower granularity is sufficient. The RSS may, for example, start in a fixed subframe in a radio frame, whereby the maximum offset can be indicated by a value in the range [0..127], which is represented by 7 bits. For simplicity, this fixed subframe can be selected as the first BL/CE DL subframe in the radio frame. Note that some subframes may not anyway be used for the RSS transmission, which is more discussed below. The starting radio frames for the RSS may for example be given by the formula:

where is the RSS periodicity and is the time offset. 
[bookmark: _Toc510660816][bookmark: _Toc510661286][bookmark: _Toc510661307][bookmark: _Toc510661328][bookmark: _Toc510661367][bookmark: _Toc510677159][bookmark: _Toc510678118][bookmark: _Toc510728061][bookmark: _Toc510729067][bookmark: _Toc510729300][bookmark: _Toc510729396][bookmark: _Toc510729461][bookmark: _Toc510729504][bookmark: _Toc510729563][bookmark: _Toc510729606][bookmark: _Toc510729687][bookmark: _Toc510748411][bookmark: _Toc510750745][bookmark: _Toc510751162][bookmark: _Toc510769932][bookmark: _Toc510772994][bookmark: _Toc510775616][bookmark: _Toc510797435][bookmark: _Toc510797491][bookmark: _Toc510800407][bookmark: _Toc510812948][bookmark: _Toc510813740][bookmark: _Toc513125753][bookmark: _Toc513624441][bookmark: _Toc513624673][bookmark: _Toc513628010][bookmark: _Toc513628107][bookmark: _Toc513743386][bookmark: _Toc513766723][bookmark: _Toc513767224][bookmark: _Toc513767339][bookmark: _Toc513810075]The starting subframe for an RSS transmission is the first BL/CE DL subframe in the radio frame SFNRSS fulfilling (SFNRSS mod PRSS) = ORSS where PRSS is the RSS periodicity and ORSS is the RSS time offset.
In [6] it was proposed to have RSS durations ranging from 4 ms up to 32 ms. It was shown that 8ms was needed to provide good performance at 154 dB MCL with the agreed noise figure assumptions. With a somewhat more aggressive noise figure, it was assumed that a 4 ms duration may suffice. At the other end, it was proposed in [7] to support RSS durations up to 40 ms to achieve reasonable performance assuming single-shot detection at 164 dB MCL. In order to accommodate RSS designs targeting both MCL levels, with a reasonable spread of values in between, we propose that the possible RSS duration is selected from the set [8, 16, 32, 40] ms.
[bookmark: _Toc510659488][bookmark: _Toc510660817][bookmark: _Toc510661287][bookmark: _Toc510661308][bookmark: _Toc510661329][bookmark: _Toc510661368][bookmark: _Toc510677160][bookmark: _Toc510678119][bookmark: _Toc510728062][bookmark: _Toc510729068][bookmark: _Toc510729301][bookmark: _Toc510729397][bookmark: _Toc510729462][bookmark: _Toc510729505][bookmark: _Toc510729564][bookmark: _Toc510729607][bookmark: _Toc510729688][bookmark: _Toc510748412][bookmark: _Toc510750746][bookmark: _Toc510751163][bookmark: _Toc510769933][bookmark: _Toc510772995][bookmark: _Toc510775617][bookmark: _Toc510797436][bookmark: _Toc510797492][bookmark: _Toc510800408][bookmark: _Toc510812949][bookmark: _Toc510813741][bookmark: _Toc513125754][bookmark: _Toc513624442][bookmark: _Toc513624674][bookmark: _Toc513628011][bookmark: _Toc513628108][bookmark: _Toc513743387][bookmark: _Toc513766724][bookmark: _Toc513767225][bookmark: _Toc513767340][bookmark: _Toc513810076]The RSS duration can be configured from the set [8, 16, 32, 40] ms.

Detailed RSS mapping
The configuration parameters provide the basic information about the time and frequency resources used for RSS transmission. However, some details remain which are not covered by the existing agreements. The following proposals are in line with the corresponding agreements and/or proposals for WUS [3][8]:
[bookmark: _Toc513624443][bookmark: _Toc513624675][bookmark: _Toc513628012][bookmark: _Toc513628109][bookmark: _Toc513743388][bookmark: _Toc513766725][bookmark: _Toc513767226][bookmark: _Toc513767341][bookmark: _Toc513810077]When assigning subframes to RSS according to the configured RSS duration, the RSS is postponed (i.e., not counted) in non-BL/CE DL subframes.
[bookmark: _Toc513743389][bookmark: _Toc513766726][bookmark: _Toc513767227][bookmark: _Toc513767342][bookmark: _Toc513810078]If PRBs allocated to RSS collide with PRBs used for transmission of SIB1-BR, the colliding RSS subframe is postponed.
[bookmark: _Toc513624444][bookmark: _Toc513624676][bookmark: _Toc513628013][bookmark: _Toc513628110][bookmark: _Toc513743390][bookmark: _Toc513766727][bookmark: _Toc513767228][bookmark: _Toc513767343][bookmark: _Toc513810079]If PRBs allocated to RSS collide with PRBs used for transmission of SI messages (other than SIB1-BR), the colliding RSS subframe is dropped.
[bookmark: _Toc513624445][bookmark: _Toc513624677][bookmark: _Toc513628014][bookmark: _Toc513628111][bookmark: _Toc513743391][bookmark: _Toc513766728][bookmark: _Toc513767229][bookmark: _Toc513767344][bookmark: _Toc513810080]REs assigned to RSS are punctured when overlapping with REs used for CRS transmission. 

Transmit diversity
Regarding TX diversity, it was agreed in RAN1#92bis that:

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.

We propose that the UE cannot make any other assumption on the used antenna ports than the agreed condition on adjacent subframes. This includes that there is no signalling to the UE whether TX diversity is used or not, since it is not evident that such signalling would serve any purpose. Instead, this is up to eNodeB implementation.
[bookmark: _Toc510660818][bookmark: _Toc510661288][bookmark: _Toc510661309][bookmark: _Toc510661330][bookmark: _Toc510661369][bookmark: _Toc510677161][bookmark: _Toc510678120][bookmark: _Toc510728063][bookmark: _Toc510729069][bookmark: _Toc510729302][bookmark: _Toc510729398][bookmark: _Toc510729463][bookmark: _Toc510729506][bookmark: _Toc510729565][bookmark: _Toc510729608][bookmark: _Toc510729689][bookmark: _Toc510748413][bookmark: _Toc510750747][bookmark: _Toc510751164][bookmark: _Toc510769934][bookmark: _Toc510772996][bookmark: _Toc510775618][bookmark: _Toc510797437][bookmark: _Toc510797493][bookmark: _Toc510800409][bookmark: _Toc510812950][bookmark: _Toc510813742][bookmark: _Toc513125755][bookmark: _Toc513624446][bookmark: _Toc513624678][bookmark: _Toc513628015][bookmark: _Toc513628112][bookmark: _Toc513743392][bookmark: _Toc513766729][bookmark: _Toc513767230][bookmark: _Toc513767345][bookmark: _Toc513810081]The use of TX diversity is not signaled to the UE, but is up to eNodeB implementation. 

Details on RSS sequence
There is a tentative agreement that 2 PRB wide RSS is used, provided sequences with good autocorrelation properties can be found. With 2PRBs and 11 symbols available, in total 264 resource elements are available every subframe. For RSS we have mapped the REs to length-263 Zadoff-Chu sequences with 256 different root indices. These have good cross-correlation properties, as can be seen from Figure 1. 
[image: ]
[bookmark: _Ref513765592]Figure 1  Cross correlation distribution for length-263 Zadoff-Chu sequences with different root indices
[bookmark: _Toc513624447][bookmark: _Toc513624679][bookmark: _Toc513628016][bookmark: _Toc513628113][bookmark: _Toc513743393][bookmark: _Toc513766730][bookmark: _Toc513767231][bookmark: _Toc513767346][bookmark: _Toc513810082]The base RSS sequence S is a length 263 Zadoff-Chu sequence with varying root indices, mapped to the last 11 symbols of the subframe.

A consequence of the above proposal is that the base sequence is the same between subframes. This also means that a cover code consisting of multiplication of 1 or -1 would require a coherent accumulation between subframes, which is not considered realistic. We therefore align with the proposal in [7] to use complex conjugation of the base sequence as a means for transmitting a cover code.
[bookmark: _Toc513624448][bookmark: _Toc513624680][bookmark: _Toc513628017][bookmark: _Toc513628114][bookmark: _Toc513743394][bookmark: _Toc513766731][bookmark: _Toc513767232][bookmark: _Toc513767347][bookmark: _Toc513810083]A cover code between subframes is realized by transmitting the base sequence S or its complex conjugate S* in each subframe.
[bookmark: _Toc513624449][bookmark: _Toc513624681][bookmark: _Toc513628018][bookmark: _Toc513628115]
Information content and provisioning. 
It has been agreed that the RSS will provide information about at least the Cell Id, which corresponds to 9 bits. With the proposal on RSS sequence above, the base sequence provides 8 bits through the selection of Zadoff-Chu index. Since, according to the proposals above, the RSS transmission will last at least 8 subframes. Thus, the remaining bit can be provided by selecting different cover codes between subframes, i.e. different transmission patterns of S and S*.
[bookmark: _Toc510678122][bookmark: _Toc510728065][bookmark: _Toc510729071][bookmark: _Toc510729304][bookmark: _Toc510729400][bookmark: _Toc510729465][bookmark: _Toc510729508][bookmark: _Toc510729567][bookmark: _Toc510729610][bookmark: _Toc510729691][bookmark: _Toc510748416][bookmark: _Toc510750751][bookmark: _Toc510751168][bookmark: _Toc510769938][bookmark: _Toc510773000][bookmark: _Toc510775622][bookmark: _Toc510797441][bookmark: _Toc510797497][bookmark: _Toc510800413][bookmark: _Toc510812954][bookmark: _Toc510813746][bookmark: _Toc513125759][bookmark: _Toc513624450][bookmark: _Toc513624682][bookmark: _Toc513628019][bookmark: _Toc513628116][bookmark: _Toc513743395][bookmark: _Toc513766732][bookmark: _Toc513767233][bookmark: _Toc513767348][bookmark: _Toc513810084]The RSS provides information of the Cell ID via Zadoff-Chu root indices and selection of cover code between subframes.

It has been proposed previously to incorporate also other information in the RSS. This may, as mentioned in e.g. [6], include an indication whether the MIB/SIB has changed, as a means for reducing the need for MIB reading. In contrast to the Cell ID, this additional information cannot be assumed to be known, and therefore multiple hypotheses must be handled in order to decide the content of the additional information. This can, for example, be accomplished by having the RSS replicate the indicator flag in MIB for System information change that has introduced in Rel-15. Since SIB/MIB changes are expected to happen infrequently, a UE may first attempt to detect an RSS assuming that no change indicator has been transmitted. Should this fail, the UE may instead try to detect the other sequence. This can be particularly efficient if the two states of the SIB change indicator are realized as two different cover codes. 
[bookmark: _Toc513767234][bookmark: _Toc513767349][bookmark: _Toc513810085]The flag in MIB indicating system information change is replicated in the RSS transmission using different cover codes depending on whether the flag is set or not.
In all, two bits would be needed in the cover code for representing part of the Cell Id and the SI change flag. This can readily be accomplished with a cover code of length 8 – 40.
Conclusion
[bookmark: _Hlk498509377]In order to resolve the open issues for introduction of a resynchronization signal in ReI-15 we make the following proposals in this contribution: 
Proposal 1	The frequency location of the RSS is configured by indicating the lowest resource block number as an integer in the range [0..99].
Proposal 2	The starting subframe for an RSS transmission is the first BL/CE DL subframe in the radio frame SFNRSS fulfilling (SFNRSS mod PRSS) = ORSS where PRSS is the RSS periodicity and ORSS is the RSS time offset.
Proposal 3	The RSS duration can be configured from the set [8, 16, 32, 40] ms.
Proposal 4	When assigning subframes to RSS according to the configured RSS duration, the RSS is postponed (i.e., not counted) in non-BL/CE DL subframes.
Proposal 5	If PRBs allocated to RSS collide with PRBs used for transmission of SIB1-BR, the colliding RSS subframe is postponed.
Proposal 6	If PRBs allocated to RSS collide with PRBs used for transmission of SI messages (other than SIB1-BR), the colliding RSS subframe is dropped.
Proposal 7	REs assigned to RSS are punctured when overlapping with REs used for CRS transmission.
Proposal 8	The use of TX diversity is not signaled to the UE, but is up to eNodeB implementation.
Proposal 9	The base RSS sequence S is a length 263 Zadoff-Chu sequence with varying root indices, mapped to the last 11 symbols of the subframe.
Proposal 10	A cover code between subframes is realized by transmitting the base sequence S or its complex conjugate S* in each subframe.
Proposal 11	The RSS provides information of the Cell ID via Zadoff-Chu root indices and selection of cover code between subframes.
Proposal 12	The flag in MIB indicating system information change is replicated in the RSS transmission using different cover codes depending on whether the flag is set or not.
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