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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#90bis, we agreed on the following:
· Additional assumptions that can be used for evaluation of improved cell search and/or system information acquisition performance for UEs with apriori information (on top of the assumptions for evaluation of reduced system acquisition time already agreed in R1-1706583):
· Carrier and cell are assumed to be known to the UE.
· The system information is assumed to be unchanged.
· UE power consumption model from the power saving signal evaluation assumptions in R1-1714992
· RTC timing drift model from the power saving signal evaluation assumptions in R1-1714992
· Scenarios B and C from the power saving signal evaluation assumptions in R1-1714992
· Further scenario D: 4-hour Power Saving Mode (PSM)
· Additional evaluation metrics that should be reported if the proponent of a proposed solution think they are relevant and significantly impacted by the proposed solution (on top of the metrics listed in R1-1706583):
· Performance impact on legacy UEs
· UE power consumption impact
· Inter-cell interference sensitivity
· Additional assumptions that are used in the evaluation should be declared.

This contribution performs evaluations and discusses some aspects on using additional sync signals for MTC, namely an MTC Synchronisation Signal (MSS).
2. Discussions
We consider an MSS (MTC Synchronisation Signal) sequence described in [1], which is a ZC sequence of length 63 in the frequency domain with a PN sequence cover code.  A frequency shift is applied to every even symbol for interference mitigation and this sequence is repeated in the time domain to meet the required reliability at a specific MCL.  Different PN sequences can be used to identify different cell IDs.  This sequence is sufficiently different to that of PSS and SSS to avoid confusion among legacy UEs.  This MSS carries 1 bit of information, e.g. for indication of MIB/SIB change by means of using two different ZC roots.
We assume that one MSS is transmitted for every eDRX cycle as shown in Figure 1.  The drift rate and eDRX cycle (TeDRX) in [2] are used to calculate the time drift between two MSS TeDrift-MSS, i.e. TeDrift-MSS is calculated using the TeDRX in Scenario B and C.  The UE detecting MSS would need to start its detection early to compensate for the time drift TeDrift-MSS as shown in Figure 1 where the MSS detection starts at time t1 but the MSS starts later at time t2.  Although Scenario A is not considered for MSS, we simulate it assuming TeDrift-MSS = 0.  
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[bookmark: _Ref498622034]Figure 1: One MSS transmission per eDRX cycle

Subframe level switched transmit diversity as proposed in [3] is implemented for MSS.  It should be noted that this is only applicable if the repetition exceeds 12 OFDM symbols (we assume 12 OFDM symbols are used in a subframe for MSS).  The simulation parameters are summarized in Table 1.
[bookmark: _Ref498694306]Table 1: Simulation parameters for MSS
	Item
	Parameters
	Scenario

	 
	 
	A
	B
	C

	1
	MSS, TeDrift-MSS (ms)
	0
	0.4096
	6.5536

	2
	Subframe level switched TxDiv
	Yes
	Yes
	Yes



The incorrect decoding rate against the number of MSS repetitions (in OFDM symbols) is plotted in Figure 2 for Scenario A, Scenario B and Scenario C at 144 dB, 154 dB and 164 dB MCL.  Incorrect decoding is when the MSS indicates a ‘0’ and the UE incorrectly decoded it as a ‘1’, or alternatively when the UE does not synchronise to the MSS.  
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[bookmark: _Ref498696258]Figure 2: Incorrect decoding rate vs MSS repetitions (OFDM symbols)

As expected, more repetitions are required when the time drift TeDrift-MSS increases.  The number of repetitions and the corresponding decoding time TMSS for MSS assuming 12 MSS repetitions per subframe for a 1% incorrect decoding rate are summarised in Table 2.  At the most challenging case, i.e. Scenario C at 164 dB MCL (MSS is transmitted every 327.68 seconds), the decoding time is 5.67 ms compared to a detection time of 850ms using PSS/SSS at 164 dB MCL [4], which reduces the synchronization time by a factor of 149.  This is a significant reduction in time the UE has to spend in achieving synchronization, which is highly beneficial for energy saving.  The fast synchronization time using MSS is also highly beneficial for HD-FDD during the uplink compensation gaps (UCG) where the UE reacquires sync during a long PUSCH transmission.
[bookmark: _Ref498696848]Table 2: MSS repetition and decoding time for 1% incorrect decoding rate
	Item
	Parameters
	Scenario A
	Scenario B
	Scenario C

	 
	 
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	1
	Repetitions (OFDM symbols)
	2
	8
	58
	2
	8
	60
	2
	8
	68

	2
	Decoding time, TMSS (ms)
	0.143
	0.571
	4.833
	0.143
	0.57
	5.00
	0.14
	0.57
	5.67



Observation 1: Reacquiring synchronization at 164 dB MCL using MSS takes only 5.67 ms compared to 850 ms in using LTE PSS/SSS, which is a significant reduction in the time UE needs to spend energy for.
Observation 2: The short synchronization reacquisition time of MSS is highly beneficial for HD-FDD for use during the uplink compensation gap.
Proposal 1: Introduce additional synchronization signals for MTC, i.e. MSS.

The time drift TeDrift-MSS can be reduced by reducing the periodicity of the MSS but as shown in Table 2, the most that it can reduce is less than 1 ms, i.e. when TeDrift-MSS = 0, TMSS = 4.83 ms (compared to 5.67 ms in Scenario C).  To further reduce TMSS, frequency hopping where the MSS is hopped across different bandwidth can be considered.  Figure 3 shows a frequency hopping scheme where the MSS hops between narrowbands in f1 and f2 with an overlapping region, e.g. between time t2 & t3 and t4 & t5 to compensate for the time drift TeDrift-MSS.
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[bookmark: _Ref498698291]Figure 3: MSS frequency hopping
Proposal 2: Introduce frequency hopping for MSS to reduce the number of repetitions for MSS.

The MSS can be configured or signalled in the SIBs and therefore is not restricted to only the central narrowband that is used by the PSS & SSS.  That is the MSS can be configured in any narrowbands and multiple such MSS can be configured.
Proposal 3: The narrowband of the MSS is configurable by the network.

The MSS can be used together with the WUS to reduce UE’s energy consumption.  In [5], it is shown that the highest energy saving is achieved when the MSS is adjacent and prior to the first WUS in a PTW.  Hence, for UE configured with WUS the MSS should be placed prior to the WUS.
Proposal 4: If WUS and MSS are configured for the UE, the MSS is placed adjacent to one of the WUS (e.g. the first WUS in a PTW) to maximize energy savings.

Since a new sync sequence needs to be designed for MSS, in [6], it is proposed that the MSS is also used to indicate the Cell ID, MIB/SIB change and Access Barring.  Reacquiring the MIB consumes a significant amount of energy as it can take 240 ms at 164 dB MCL using an advanced receiver [4] and hence it is highly beneficial if this can be skipped.
Proposal 5: The MSS can be used to indicate whether the MIB/SIB has changed.

The MSS can use different roots of the ZC sequence to indicate different parameters. However, if the MSS is used to indicate multiple parameters, the decoding complexity and its repetition will increase.  One way to manage this is to allow the network to configure the parameters that are indicated by the limited MSS information bits. For example, if the MSS can only indicate 1 information bit then the network can decide whether this 1 bit information is used to indicate MIB/SIB change or Access Barring and configure the UE accordingly.  It should also be noted that more than one MSS can be configured and so different MSS can be configured to indicate different parameters.
Proposal 6: The parameter that can be indicated by the MSS is configurable.
[bookmark: _GoBack]
3.   Conclusion
In this contribution we observe the following:
Observation 1: Reacquiring synchronization at 164 dB MCL using MSS takes only 5.67 ms compared to 850 ms in using LTE PSS/SSS, which is a significant reduction in the time UE needs to spend energy for.
Observation 2: The short synchronization reacquisition time of MSS is highly beneficial for HD-FDD for use during the uplink compensation gap.

We therefore propose the following:
Proposal 1: Introduce additional synchronization signals for MTC, i.e. MSS.
Proposal 2: Introduce frequency hopping for MSS to reduce the number of repetitions for MSS.
Proposal 3: The narrowband of the MSS is configurable by the network.
Proposal 4: If WUS and MSS are configured for the UE, the MSS is placed adjacent to one of the WUS (e.g. the first WUS in a PTW) to maximize energy savings.
Proposal 5: The MSS can be used to indicate whether the MIB/SIB has changed.
Proposal 6: The parameter that can be indicated by the MSS is configurable.
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