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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, RAN1#92 has made the following agreement, taken from the Chairman’s notes [3], in turn taken from the feature lead summary [4]:
The new periodic synchronization signal has the following characteristics:
· [bookmark: _Toc510653013][bookmark: _Toc510659472][bookmark: _Toc510660800][bookmark: _Toc510661270][bookmark: _Toc510661291][bookmark: _Toc510661312][bookmark: _Toc510661351][bookmark: _Toc510677143][bookmark: _Toc510678102][bookmark: _Toc510728045]The new periodic synchronization signal can be used for re-synchronization
· [bookmark: _Toc510653014][bookmark: _Toc510659473][bookmark: _Toc510660801][bookmark: _Toc510661271][bookmark: _Toc510661292][bookmark: _Toc510661313][bookmark: _Toc510661352][bookmark: _Toc510677144][bookmark: _Toc510678103][bookmark: _Toc510728046]One (or more) complex valued base sequence(s) Si spanning at least one symbol
· [bookmark: _Toc510653015][bookmark: _Toc510659474][bookmark: _Toc510660802][bookmark: _Toc510661272][bookmark: _Toc510661293][bookmark: _Toc510661314][bookmark: _Toc510661353][bookmark: _Toc510677145][bookmark: _Toc510678104][bookmark: _Toc510728047]FFS: New synchronization signal may include a cover code that may be applied to the repetitions. Candidate operations for the cover code include 
· [bookmark: _Toc510653016][bookmark: _Toc510659475][bookmark: _Toc510660803][bookmark: _Toc510661273][bookmark: _Toc510661294][bookmark: _Toc510661315][bookmark: _Toc510661354][bookmark: _Toc510677146][bookmark: _Toc510678105][bookmark: _Toc510728048]Multiplication with {+1, -1}, i.e. {Si, -Si}
· [bookmark: _Toc510653017][bookmark: _Toc510659476][bookmark: _Toc510660804][bookmark: _Toc510661274][bookmark: _Toc510661295][bookmark: _Toc510661316][bookmark: _Toc510661355][bookmark: _Toc510677147][bookmark: _Toc510678106][bookmark: _Toc510728049]Multiplication with {1, e-ja}
· [bookmark: _Toc510653018][bookmark: _Toc510659477][bookmark: _Toc510660805][bookmark: _Toc510661275][bookmark: _Toc510661296][bookmark: _Toc510661317][bookmark: _Toc510661356][bookmark: _Toc510677148][bookmark: _Toc510678107][bookmark: _Toc510728050]Complex conjugation, i.e. {Si, Si*}
[bookmark: _Toc510653019][bookmark: _Toc510659478][bookmark: _Toc510660806][bookmark: _Toc510661276][bookmark: _Toc510661297][bookmark: _Toc510661318][bookmark: _Toc510661357][bookmark: _Toc510677149][bookmark: _Toc510678108][bookmark: _Toc510728051]Other operations are not precluded.
A somewhat overlapping set of working assumptions were listed in the context of wake-up signal for NB-IoT [3]:
· 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.

It shall be noted that these working assumptions will be automatically confirmed if RAN4 confirms the feasibility of RRM measurement relaxations for NB-IoT UEs operating WUS, according to an LS sent to RAN4 [5].
In this contribution we will further elaborate on details related to the new re-synchronization signal. 
Resynchronization signal (RSS)
In [6], the detection performance of a resynchronization signal (RSS) was investigated, together with an analysis of the power saving potential by using an RSS compared to the legacy PSS/SSS. It was concluded that under many scenarios, substantial latency reductions were possible, leading to very large power savings. Several other contributions have confirmed this power saving potential, including [7][8][9], submitted to RAN1#92.
In addition to the agreements above from [3] and [4], a set of open issues were listed. 
· [bookmark: _Toc510659479][bookmark: _Toc510660807][bookmark: _Toc510661277][bookmark: _Toc510661298][bookmark: _Toc510661319][bookmark: _Toc510661358][bookmark: _Toc510677150][bookmark: _Toc510678109][bookmark: _Toc510728052]Base sequence selection
· [bookmark: _Toc510659480][bookmark: _Toc510660808][bookmark: _Toc510661278][bookmark: _Toc510661299][bookmark: _Toc510661320][bookmark: _Toc510661359][bookmark: _Toc510677151][bookmark: _Toc510678110][bookmark: _Toc510728053]New synchronization signal bandwidth
· [bookmark: _Toc510659481][bookmark: _Toc510660809][bookmark: _Toc510661279][bookmark: _Toc510661300][bookmark: _Toc510661321][bookmark: _Toc510661360][bookmark: _Toc510677152][bookmark: _Toc510678111][bookmark: _Toc510728054]Information content and provision (if any)
· [bookmark: _Toc510659482][bookmark: _Toc510660810][bookmark: _Toc510661280][bookmark: _Toc510661301][bookmark: _Toc510661322][bookmark: _Toc510661361][bookmark: _Toc510677153][bookmark: _Toc510678112][bookmark: _Toc510728055]Configurability 
· [bookmark: _Toc510659483][bookmark: _Toc510660811][bookmark: _Toc510661281][bookmark: _Toc510661302][bookmark: _Toc510661323][bookmark: _Toc510661362][bookmark: _Toc510677154][bookmark: _Toc510678113][bookmark: _Toc510728056]Time and frequency domain location 
· [bookmark: _Toc510659484][bookmark: _Toc510660812][bookmark: _Toc510661282][bookmark: _Toc510661303][bookmark: _Toc510661324][bookmark: _Toc510661363][bookmark: _Toc510677155][bookmark: _Toc510678114][bookmark: _Toc510728057]Diversity schemes (if any)

[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
We have previously proposed that the time and frequency resources for each burst and the periodicity are configurable [6]. 
The ranges of possible values of RSS length and periodicity will determine both how much power savings a UE can achieve in different MCL conditions and DRX configurations, as well as the network overhead. It can be considered reasonable to mainly target the devices with moderate coverage enhancement needs, say, MCL=154 dB. The results provided in [6] indicate that 8 ms long RSS burst will give 99% detection rate at MCL=154 dB, which can be considered reasonable. Note that the results in [6] are based on simulations with 9 dB noise figure, which can be seen as a worst-case value rather than a typical one. For example, noise figures in the range of 5–9 dB have been considered, both for the eMTC and the NB-IoT work. Therefore, also shorter RSS durations of e.g. 4–6 ms can be considered. 
For MCL = 164 dB, it was assumed in [6] that the UE would rely on receiving multiple RSS bursts, but it can also be considered to allow for longer burst durations as well to be configured, in order to improve the detection performance also using a single burst at these SNR ranges. The detection performance using long RSS durations is depicted in Figure 1, using coherent accumulation over groups of 3 or 4 symbols. 
[image: ]
[bookmark: _Ref510789802]Figure 1 Simulation of long RSS durations using coherent accumulation over groups of 3 or 4 symbols. SNR = -22.5 dB corresponds to MCL=164 assuming a noise figure of 9 dB.
Also in this case, the assumption on noise factor will have a large impact on the required RSS length for a given detection rate. In order not to waste too much resources on RSS based on too conservative assumptions on the noise figure, it is recommended to use a maximum configurable RSS length assuming a noise figure in the lower range. Also, since there is always a backup solution in terms of using multiple RSS bursts for detection, the targeted detection rate must not necessarily be set to 99%, but can be somewhat lower. Therefore, a maximum configurable value of the RSS length can be selected in the range of 32–40 ms, where the higher value was suggested in [9].
In total it could be reasonable to select from 4 different values, one of these possibly below 8 ms.
[bookmark: _Toc510659486][bookmark: _Toc510660814][bookmark: _Toc510661284][bookmark: _Toc510661305][bookmark: _Toc510661326][bookmark: _Toc510661365][bookmark: _Toc510677157][bookmark: _Toc510678116][bookmark: _Toc510728059][bookmark: _Toc510729065][bookmark: _Toc510729298][bookmark: _Toc510729394][bookmark: _Toc510729459][bookmark: _Toc510729502][bookmark: _Toc510729561][bookmark: _Toc510729604][bookmark: _Toc510729685][bookmark: _Toc510748409][bookmark: _Toc510750743][bookmark: _Toc510751160][bookmark: _Toc510769930][bookmark: _Toc510772992][bookmark: _Toc510775614][bookmark: _Toc510797433][bookmark: _Toc510797489][bookmark: _Toc510800405][bookmark: _Toc510812946][bookmark: _Toc510813738]The length of each RSS burst can be configured from the set [4, 8, 16, 32] ms.
Similarly, it could be reasonable to select from 4 different values for the periodicity of the RSS bursts. It may further be beneficial to align the RSS periodicity with the DRX cycles used for idle mode paging, which can be set to [160, 320, 640, 1280] ms. We therefore propose these values be used also for the RSS periodicity. If, for example, 320 ms periodicity is used together with RSS duration of 4 subframes with 11 OFDM symbols in each, the total overhead of the RSS is ~70% of the PSS/SSS overhead. It can then be further reduced by increasing the periodicity or possibly lowering the burst length. 
[bookmark: _Toc510659487][bookmark: _Toc510660815][bookmark: _Toc510661285][bookmark: _Toc510661306][bookmark: _Toc510661327][bookmark: _Toc510661366][bookmark: _Toc510677158][bookmark: _Toc510678117][bookmark: _Toc510728060][bookmark: _Toc510729066][bookmark: _Toc510729299][bookmark: _Toc510729395][bookmark: _Toc510729460][bookmark: _Toc510729503][bookmark: _Toc510729562][bookmark: _Toc510729605][bookmark: _Toc510729686][bookmark: _Toc510748410][bookmark: _Toc510750744][bookmark: _Toc510751161][bookmark: _Toc510769931][bookmark: _Toc510772993][bookmark: _Toc510775615][bookmark: _Toc510797434][bookmark: _Toc510797490][bookmark: _Toc510800406][bookmark: _Toc510812947][bookmark: _Toc510813739]The RSS periodicity can be configured from the set [160, 320, 640, 1280] ms.
Selecting the RSS periodicity from this set can be considered to define a grid of 64, 32, 16, or 8 RSS periods within one SFN period of 10.24 s. Thus, it can be reasonable to be able to configure the time location of the start of each RSS burst as a frame offset related to this grid. This would, for example, allow for configurations with a reasonable gap between a RSS transmission and a subsequent WUS. 
[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]The time location of the RSS can be configured w.r.t. the SFN.
The frequency location of the RSS is related to its bandwidth, which will be discussed more below. However, at least the narrowband to be used shall be configured. We do not consider frequency hopping between narrowbands to be feasible, due to the timing uncertainty which may make it difficult for the UE to know what frequency to monitor in scenarios with long sleep times. 
[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]The RSS frequency location is set to one of the narrowbands within the system bandwidth.
If the RSS does not occupy the full 6 PRBs of the narrowband, which is more discussed below, the location within the narrowband may be fixed, or optionally configurable.
Transmit diversity
As shown in [6], there is a large benefit from using switched transmit diversity. It was argued that it may be beneficial to state explicitly how often these switches may occur, since the UE may use different algorithms to combine base sequences transmitted in different subframes. Thus, we propose that the switch occurs every subframe, since there is anyway a RSS gap at the (presumed) PDCCH region.
[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]When the eNB uses more than one transmit antenna, it employs switched transmit diversity for the RSS using a predetermined switching time of one subframe. 

RSS Bandwidth
The results presented in [6] were based on an RSS extending over 6 PRBs in order to maximize the frequency diversity. It was however proposed in [7] and [9] that fewer resource blocks are utilized. This was mainly motivated from an implementation complexity point of view. For example, by using a more narrow RSS signal, the sampling frequency can be reduced, thereby saving both the number of computations as well as the memory requirements. 
To verify the performance using fewer resource blocks, simulations with 1, 2 and 6 PRBs were conducted for different number of RSS durations. For the smaller allocations, shorter Zadoff-Chu sequences were used corresponding to the RSS bandwidth. To get a fair comparison, the PRBs allocated to RSS were power boosted such that the total RSS power was the same regardless of the allocation. The results are summarized in Table 1.
[bookmark: _Ref510740255]Table 1  MCL @ 99 % detection rate for different RSS bandwidths and RSS durations
	MCL @ 99% detection rate [dB]
	RSS bandwidth

	RSS duration
	1 PRB
	2 PRB
	6 PRB

	4 SF
	150.3
	151.5
	151.6

	8 SF
	152.0
	154.1
	154.5

	16 SF
	154.8
	156.1
	156.2



As seen in the table, there is a substantial performance difference between using 1 and 2 PRBs, whereas most of the frequency diversity gain seems to be achieved already at 2 PRBs.
[bookmark: _Toc510661269][bookmark: _Toc510661290][bookmark: _Toc510661311][bookmark: _Toc510661350][bookmark: _Toc510677142][bookmark: _Toc510678101][bookmark: _Toc510728044][bookmark: _Toc510729064][bookmark: _Toc510729297][bookmark: _Toc510729393][bookmark: _Toc510729458][bookmark: _Toc510729501][bookmark: _Toc510729560][bookmark: _Toc510729603][bookmark: _Toc510729684][bookmark: _Toc510748408][bookmark: _Toc510750742][bookmark: _Toc510751159][bookmark: _Toc510769929][bookmark: _Toc510772991][bookmark: _Toc510775613][bookmark: _Toc510797432][bookmark: _Toc510797488][bookmark: _Toc510800404][bookmark: _Toc510812945][bookmark: _Toc510813737]An RSS with at least 2 PRB bandwidth provides sufficient frequency diversity according to the evaluation. 
We therefore propose that the RSS extends over at least 2 PRBs. 
[bookmark: _Toc510661289][bookmark: _Toc510661310][bookmark: _Toc510661331][bookmark: _Toc510661370][bookmark: _Toc510677162][bookmark: _Toc510678121][bookmark: _Toc510728064][bookmark: _Toc510729070][bookmark: _Toc510729303][bookmark: _Toc510729399][bookmark: _Toc510729464][bookmark: _Toc510729507][bookmark: _Toc510729566][bookmark: _Toc510729609][bookmark: _Toc510729690][bookmark: _Toc510748414][bookmark: _Toc510750748][bookmark: _Toc510751165][bookmark: _Toc510769935][bookmark: _Toc510772997][bookmark: _Toc510775619][bookmark: _Toc510797438][bookmark: _Toc510797494][bookmark: _Toc510800410][bookmark: _Toc510812951][bookmark: _Toc510813743]The RSS extends over at least 2 PRBs.

RSS Base sequence
For the results presented in [6] and herein, the base sequence used has been a Zadoff-Chu sequence with a length essentially equal to the number of subcarriers in the allocated resource blocks. The base sequence is then repeated each OFDM symbol, multiplied with a cover code consisting of -1s and 1s. It was proposed in [6] that the cover code is defined as a sequence with a length equal to the total number of OFDM symbols in the RSS burst. For example, assuming 11 OFDM symbols available per subframe, the cover code will be of length 11N for an RSS of length N subframes. This has also been considered by other companies and can be considered as a baseline RSS setup. 
It was proposed in [9] to instead consider using a base sequence extending over several OFDM symbols. On the one hand, the number of multiply-and-add operations for each computation of a correlation value increases with the sequence length. On the other hand, for a given total RSS length, the cover code becomes shorter, and the number of correlation values to combine using the cover code will be reduced. For long total RSS lengths, this may have a large impact on the overall receiver complexity, especially if the correlation results are stored in an external memory. One drawback with a reduced length of the cover code is the number of bits available for conveying information in the RSS, as will be discussed more below. Since it should be possible to configure also shorter RSS bursts, the amount of information possible to encode into the cover code may not be sufficient. It is thus proposed that the length of the base sequence, if at all larger than one symbol, is restricted such that the cover code is still long enough to convey the desired information, also for the shortest configurable RSS durations. 
[bookmark: _Toc510748415][bookmark: _Toc510750749][bookmark: _Toc510751166][bookmark: _Toc510769936][bookmark: _Toc510772998][bookmark: _Toc510775620][bookmark: _Toc510797439][bookmark: _Toc510797495][bookmark: _Toc510800411][bookmark: _Toc510812952][bookmark: _Toc510813744]The length of the base sequence is selected short enough such that the cover code becomes long enough to convey any desired information, also for the shortest configurable RSS durations.
One possible obstacle to defining a base sequence longer than one symbol is that, typically, the network cannot guarantee that more than 11 OFDM symbols are available in all subframes due to the scheduling flexibility that can occasionally cause the PDDCH region to extend to 3 ODFM symbols. This would mean that, if all base sequences are supposed to be of equal length, only base sequences of length 1 or 11 OFDM symbols could be used. One possible remedy to this is that the RSS is actually defined to extend over 12 OFDM symbols each subframe, which means that also lengths 2, 3, 4, and 6 can be used, thereby increasing the possibility to have a long enough cover code also for a reasonably short RSS duration.
When the signaled value startSymbolBR <= 2, it is possible to assume that 12 OFDM symbols can be used for RSS. However, it is possible also if startSymbolBR = 3, but in the cases when a PDCCH is scheduled to a non-BL/CE UE in the third ODFM symbol in the subframe, the corresponding resource elements are being truncated from the RSS transmission. Since a UE would normally not have any way of determining that the RSS has been truncated, it will accumulate noise instead of just signal energy from this OFDM symbol. However, since this in the worst case only happens in 1/12 of the RSS symbols, the loss is marginal. To evaluate this, simulations were conducted 8 ms RSS length using coherent detection over groups of (3 or) 4 symbols, with the results depicted in Figure 1. The blue curve corresponds to the case when 12 OFDM symbols are always used and assumed, the green one when 11 OFDM symbols are always used and assumed, and the red one the worst case when the UE has assumed 12 symbols, but the first transmitted RSS symbol has been replaced by random QPSK data. The difference towards 11 ODFM symbols is ~0.3 dB which is a manageable loss, but in addition it can be considered an exception that all the resource elements in the third OFDM symbol are being used for PDCCH. Instead, one can expect that the average performance is at least as good as the one always using and assuming 11 OFDM symbols. 

[image: ]
Figure 2 Simulation of RSS with different number of OFDM symbols per subframe, the first possibly overwritten by PDCCH.
We therefore have the following proposal: 
[bookmark: _Toc510750750][bookmark: _Toc510751167][bookmark: _Toc510769937][bookmark: _Toc510772999][bookmark: _Toc510775621][bookmark: _Toc510797440][bookmark: _Toc510797496][bookmark: _Toc510800412][bookmark: _Toc510812953][bookmark: _Toc510813745]The RSS is defined to occupy the last 12 OFDM symbols each subframe. The eNB may puncture the RSS in the third OFDM symbol of the subframe in case a PDCCH is scheduled on resource elements normally allocated to the RSS. 
We will now introduce yet another means for reducing the complexity of the RSS correlation. It was noted above that the number of multiply-and-add operations for each computation of a correlation value increases with the sequence length. Thus, by reducing the effective sequence length, the number of operations can be decreased. One way of achieving reduced sequence length is to use increased subcarrier spacing such that the RSS occupies only every Nth subcarrier, thereby splitting the time-domain signal into N repeated copies within one OFDM symbol. The time-domain correlation can then be performed with N times lower number of multiplications, which correlation results can then be added together. Note that this does not increase the requirement on external memory accesses, since the correlation values can be treated as belonging to one OFDM symbol as in the baseline RSS setup, once combined. It can also be noted that this methodology can be combined with other setups, such as when reduced bandwidth is used, or if a base sequence is extended over several OFDM symbols. 
Simulations show that the performance using increased subcarrier spacing can achieve similar results as an RSS signal occupying all subcarriers within the same bandwidth. As an example, the performance for a 2PRB wide signal is depicted in Figure 3, where a length-23 Zadoff-Chu sequence is compared with a length-11 sequence occupying every second subcarrier. The PSD of the occupied frequency bins are power boosted such that the total RSS power of two signals is identical. 
[image: ]
[bookmark: _Ref510795413]Figure 3  Simulation of RSS occupying 2 PRBs with different subcarrier spacing, using 500 Hz frequency error. 

Information content
One aspect of the resynchronization is that the UE may need to verify that it actually tries to resynchronize to the cell it is currently camping on. Therefore, similar to SSS, it is desired that the physical cell ID is incorporated into the RSS signal. 
[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]The RSS provides information of the Cell ID.
It has been proposed previously to incorporate also other information in the RSS. This may, as mentioned in e.g. [3], 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.  
In the working assumptions listed in [3], the possibility to provide WUS-related information in the RSS is mentioned. There are, however, several reasons why this should be avoided. First, even if there are similarities, the basic functionality provided by RSS and WUS are fundamentally different. The two functionalities shall thus be possible to configure independently, such that a network for example is able to support one but not the other. It should also be possible to configure different coverage levels for the different functionalities. Since the RSS is transmitted frequently it may be configured to target the UEs in need of moderate coverage enhancement, in order not to spend excessive radio resources. UEs in worse coverage may use several consecutive RSS transmissions to achieve synchronization. This contrasts with the WUS signal, which is transmitted more infrequently, but is, on the other hand, supposed to reach the UEs in worst coverage. Furthermore, there are several reasons why a UE needs to resynchronize to the network, paging being only one. For example, when a UE wakes up after being in a power saving mode, it needs to resynchronize to the network. This shall be done regardless of whether there is any potential WUS transmission, and the UE should not need to understand or decode any WUS related information that it may not be interested in. For more discussion on the WUS, see the accompanying contribution [10].

Information provision
It is proposed that the Cell ID information is provided using the cover code only, if possible. Assuming, for example, that the length of the base sequence is one OFDM symbol and the minimum RSS duration is 4 subframes. Assuming 11 OFDM symbols per subframe, the total cover code length is 44, which is more than enough to convey the Cell ID. This may, for example, be done using a cover code as a part of a Gold code, where the 504 Cell ID values may be encoded into the initial states of the shift registers polynomials. If, on the other hand, a base sequence of a full subframe would be used, the cover code would only be 4 elements long, which would not be enough to encode the Cell ID. This can be solved by also using different base sequences as part of the information encoding, but instead it was proposed above as a main alternative to use a short enough base sequence to make the cover code long enough to be able to contain the desired information. One reason for encoding the Cell ID onto the cover code only is that it is possible to evaluate also RSS transmitted from neighboring cells with known Cell IDs by changing the cover code of the already performed correlation results. This can be used as a support for cell (re)selection and/or mobility measurements. 
[bookmark: _Toc510678123][bookmark: _Toc510728066][bookmark: _Toc510729072][bookmark: _Toc510729305][bookmark: _Toc510729401][bookmark: _Toc510729466][bookmark: _Toc510729509][bookmark: _Toc510729568][bookmark: _Toc510729611][bookmark: _Toc510729692][bookmark: _Toc510748417][bookmark: _Toc510750752][bookmark: _Toc510751169][bookmark: _Toc510769939][bookmark: _Toc510773001][bookmark: _Toc510775623][bookmark: _Toc510797442][bookmark: _Toc510797498][bookmark: _Toc510800414][bookmark: _Toc510812955][bookmark: _Toc510813747]The Cell ID information is provided using cover codes and possibly different base sequences if needed. 

Conclusion
In this contribution, we have discussed the introduction of a resynchronization signal to help reduce system acquisition time and save UE battery. Using results from link level simulations, we made the following observation:
Observation 1	An RSS with at least 2 PRB bandwidth provides sufficient frequency diversity according to the evaluation.

[bookmark: _Hlk498509377]Based on the above observation and the discussion in the paper we make the following proposals: 
Proposal 1	The length of each RSS burst can be configured from the set [4, 8, 16, 32] ms.
Proposal 2	The RSS periodicity can be configured from the set [160, 320, 640, 1280] ms.
Proposal 3	The time location of the RSS can be configured w.r.t. the SFN.
Proposal 4	The RSS frequency location is set to one of the narrowbands within the system bandwidth.
Proposal 5	When the eNB uses more than one transmit antenna, it employs switched transmit diversity for the RSS using a predetermined switching time of one subframe.
Proposal 6	The RSS extends over at least 2 PRBs.
Proposal 7	The length of the base sequence is selected short enough such that the cover code becomes long enough to convey any desired information, also for the shortest configurable RSS durations.
Proposal 8	The RSS is defined to occupy the last 12 OFDM symbols each subframe. The eNB may puncture the RSS in the third OFDM symbol of the subframe in case a PDCCH is scheduled on resource elements normally allocated to the RSS.
Proposal 9	The RSS provides information of the Cell ID.
Proposal 10	The Cell ID information is provided using cover codes and possibly different base sequences if needed.
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