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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#88bis, the following agreements on reducing the cell search and system information (SI) acquisition time were reached [1]:
	Agreements:
· 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
· New mechanism allowing to skip SI message reading
· E.g. SI update indication or other indication in MIB or another channel


In RAN1#89, the following technique on reducing SI acquisition time was agreed [2]:
	Agreement:
· In addition to the techniques for system acquisition time reduction agreed to be considered in RAN1#88bis, the following technique can be considered:
· SI messages
· Accumulation across SI modification periods


In RAN1#91, the following consideration were agreed [3]:
	Agreement:
· In evaluating improved cell search and/or system information acquisition performance for UEs with apriori information, the following are considered based on the agreed scenarios (B, C, and D)
· Synchronization signal 
· Periodicity, duration, power boosting, bandwidth, and resource usage
· UE complexity impact, UE memory, and DSP complexity
· Combining of synchronization signals


In this contribution, we share our views on the potential techniques for reducing the cell search and SI acquisition time. 
Discussion
[bookmark: _Ref498115182]Views on enhanced synchronization signal for eFeMTC UE
In LTE, PSS and SSS are designed based on Zadoff-Chu sequences and m-sequences, and the time-frequency locations of the PSS/SSS in different cells are the same (for TDD and FDD respectively). The interference between the PSS/SSS of different cells is reduced by taking advantage of the cross-correlation performance of the PSS/SSS with different roots/cyclic shifts (CS). The same location of PSS/SSS also avoids interference between the PSS/SSS and PDCCH/PDSCH. 
When considering whether to introduce enhanced synchronization signal (eSS) for eFeMTC UE, the following aspects should be taken into consideration:
1) Impacts on the network
As illustrated in Figure 1, if the eSS of different cells are located in the same time-frequency resource, it should be distinguished by sequence processing like cross-correlation calculation. In this case, in addition to the estimation performance of timing and sampling offset, the suitable total number of eSS, the relationship of sequence root/CS/polynomial and the physical cell ID, the general performance of cross-correlation of between all the sequences must be investigated, which will cost a lot of standardization effort.
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[bookmark: _Ref498114139]Figure 1 eSS with the same location
On the other hand, if the eSS of different cells are located in different time-frequency resources, the interference between eSS and PDCCH/PDSCH should be considered. The synchronization performance of eSS may be degraded by DL transmission from neighboring cells, and conversely, the eSS (possibly with power boosting) will interfere with the UE in neighboring cell, as shown in Figure 2. 
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[bookmark: _Ref498114178]Figure 2 eSS with different time/frequency locations
One possible solution is that the resource used for eSS of a cell is muted in neighboring cells, which is similar to PRS in LTE, as illustrated in Figure 3. But this will substantially increase the resource cost, especially when the eNBs are densely deployed. For example, considering a 5 MHz FDD system, assuming that eSS is transmitted 1 time per 320 ms on average, with a duration of 10 subframes and a frequency range of 6 RB, then the eSS will lead to a 0.78% cost of the DL resource per cell. But considering that additional resource should be reserved for the eSS of neighboring 6 or 18 cells, the cost will be increased to 5.47% or 14.8%.
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[bookmark: _Ref498114723]Figure 3 eSS with different locations and muted in neighboring cells
2) Synergy with WUS
The eSS mainly focuses on the re-synchronization of the UE from sleeping/idle mode. For the UE in connected mode, it has already synchronized (at least roughly) with the cell, and the timing offset and sampling offset should not be serious, and can be calibrated with legacy signals such as PSS/SSS/CRS. Though eSS may be used to improve the accuracy of synchronization, it is not an efficient method due to the large resource cost, and it is not the main purpose for potentially introducing an eSS.
Furthermore, a wake-up signal (WUS) is already agreed to be introduced in Rel-15. The WUS is to indicate whether the UE needs to decode subsequent physical channel for idle mode paging. As proved in [5], WUS with synchronization functionality can reduce the power consumption and paging reception latency, and it is therefore expected that WUS can be received without prior synchronization. In RAN1#91, the LS on WUS features was sent to RAN2 [6]. The LS has concluded that the [maximum] WUS length is configurable, and the time location is configurable with respect to the associated PO(s) location(s). Therefore, the detection performance of WUS is controllable for different use cases, and also the demand for re-synchronization and paging from idle/sleeping mode can be fulfilled.
Though ‘Wake-up signal or DTX’ is the working assumption and thus the WUS is not always transmitted, as discussed above, enhancing re-synchronization performance is mainly considered for the UE which just wakes up from idle/sleeping mode. If no WUS is transmitted, it can be expected that the necessity of re-synchronization enhancement is not large at that time.
In conclusion, the functionality of eSS and WUS (supporting synchronization) has much overlap. Note that WUS may have the same drawbacks in overhead and inter-cell interference as eSS. Introducing both eSS and WUS will enlarge the drawbacks and seems unnecessary. To reduce the overhead, inter-cell interference, and standardization work, since WUS can support synchronization for idle/sleeping mode UE, it is unnecessary to introduce eSS.
Proposal 1: WUS is assumed to have the function of synchronization, and enhanced synchronization signal for re-synchronization is not introduced.
Enhanced Direct Indication and paging information for MIB/SIB1-BR/SI skipping
An important case when the UE should consider re-acquiring the system information is paging. In each allocated paging occasion (PO), a UE will firstly try to decode the MPDCCH in DCI format 6-2. If the MPDCCH is a direct indication, it contains the following 8 bits indicating the modification of system information:
Table 6.6-1: Direct Indication information [4]
	Bit
	Direct Indication information

	1
	systemInfoModification

	2
	etws-Indication

	3
	cmas-Indication

	4
	eab-ParamModification

	5
	systemInfoModification-eDRX

	6, 7, 8
	Not used, and shall be ignored by UE if received.


The 1 bit IE systemInfoModification is common for MIB, SIB1-BR and SI (without SIB10, SIB11, SIB12 and SIB14). If it is “true”, the UE knows some of the system information has changed, but cannot decuemore details. Therefore, the UE still has to firstly read the MIB and SIB1-BR, and then possibly other SI if the systemInfoValueTag or systemInfoValueTagSI has changed. If the UE is configured using eDRX cycle longer than the BCCH modification period, it should use systemInfoModification-eDRX instead.
Therefore, it is possible to use the spare bits of direct indication to provide more details on the modification of system information. The newly introduced information should aim at enabling UE to skip reading some of the system information when none or only a small part of the system information has changed. Note that the padding bits in DCI format 6-2 is increased with the system BW. Direct indication only uses 8 bits, so it should be possible to expand direct indication in larger bandwidths.
RAN2 has agreed to use a spare bit in MIB to indicate if there has been a change to SIB1-BR during a period of time, e.g. 24 hours. It is particularly useful for the UE in eDRX, since its sleeping period may be longer than the SI modification period, and it thus may miss the indication of SI change carried by direct indication or paging message, or the UE that has been out of coverage. In fact, it is more helpful in the case when ‘no change’ is indicated, since the UE can skip reading the SIB1-BR and other SI. However, the newly introduced bit in MIB may not be enough. For example, if SIB1-BR has changed at time t1, then during the time t1+Δt, the UE would continuously recognize ‘SIB1-BR has been changed’ in MIB whenever it checks the MIB, where Δt is the effective ‘change’ indication time of the new bit, and should be large (e.g. 24 hours). The new 1-bit indication cannot provide additional information of SIB1-BR change after its first check. In the case where  MIB, SIB1-BR or other SI has changed, details on the modification of system information can be helpful, especially for the UE with a sleeping period shorter than (or equal to) the period of SI modification.
Proposal 2: Use spare bits in the direct indication message of DCI format 6-2 to provide more details on the modification of system information.
WUS indication of system information skipping 
Alternatively, the indication of system information may be conveyed in a physical signal, e.g. the WUS. 
Generally, it is easier for UE to conduct sequence detection than decoding a DL control channel or data. If the WUS is common or known by all UEs, or at least a group of UEs, even if the UE may miss the direct indication or paging MPDCCH, it can still judge the skipping of MIB/SIB1-BR/other SIBs by reading the WUS (no matter the WUS is for this UE or not). It is possible that, with suitable design, the sequence used for the WUS is able to indicate information related to skipping MIB/SIB1-BR/other SIBs. Even though RAN2 has agreed to use 1 spare bit in MIB to indicate the modification of SIB1-BR, the WUS with information of modification of MIB/SIB1-BR is still useful, for example, it may allow UE to skip MIB reading.
One concern for this alternative is that the detection complexity of WUS will be increased due to indicating the skipping of system information. The performance loss and complexity increase should be further investigated.
Proposal 3: Consider if the sequence design for WUS can suitable to provide an indication for skipping MIB/SIB1-BR/SI reading.
Conclusions
In this contribution, we discuss several techniques and mechanisms for reducing the cell search and system information acquisition time. The proposals are listed as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: WUS is assumed to have the function of synchronization, and enhanced synchronization signal for re-synchronization is not introduced.
Proposal 2: Use spare bits in the direct indication message of DCI format 6-2 to provide more details on the modification of system information.
Proposal 3: Consider if the sequence design for WUS can suitable to provide an indication for skipping MIB/SIB1-BR/SI reading.
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