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1 Introduction
From RAN1#83 agreement [1],

· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists).
The puncture due to LTE CRS destroys autocorrelation property of designed sequence for NB-PSS, and therefore degrades little cell search performance. This contribution provides potential mechanisms to mitigate the effect of LTE CRS puncture of NB-PSS for in-band deployment scenario.
2 Discussions on mitigating CRS puncture effect
The potential mechanisms, introduced in this contribution, apply to most of different NB-PSS design. However, it is easier to explain the mechanisms based on specific NB-PSS design. Therefore, our design of NB-PSS is used as the example in this contribution. 

2.1 NB-PSS generation and CRS puncture

Figure 1 explains the autocorrelation distortion coming from CRS puncturing. NB-PSS uses the last 11 OFDM symbols in NB-PSS subframe in our design [2]. Four OFDM symbols (out of 11 OFDM symbols) include CRS, and these four OFDM symbols are polluted by CRS, destroying the autocorrelation property of designed sequence for NB-PSS. TX transmits “NB-PSS with CRS puncture” and RX correlates the sequence by “NB-PSS without CRS puncture”. The correlation becomes Z” rather than the ideal autocorrelation value Z, which degrades little cell search performance. Z” depends on the CRS values, related to which PRB is allocated as NB-IoT narrowband. NW may choose a PRB as NB-IoT narrowband by ensuring Z” is close to Z. i.e., the distortion is minimized.

Observation #1: For in-band deployment, NW may choose specific PRB so that the autocorrelation distortion due to CRS puncturing is minimized.
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Figure 1: Distortion due to CRS puncture
2.2 Pre-distortion to mitigate effect of CRS puncture
From Figure 1, we learned that when RX calculates correlation with the sequence of “NB-PSS without CRS puncture”, the correlation becomes Z” rather than the ideal autocorrelation value Z. As shown in Figure 2, it seems possible to add another sequence in non-CRS OFDM symbols (this is what we called pre-distortion in this contribution) to recover the distortion between Z and Z”. Pre-distortion is only added in non-CRS OFDM symbols to prevent influence to CRS. 


[image: image2]
Figure 2: Modified NB-PSS generation to mitigate CRS puncture effect

Furthermore, pre-distortion is to recover distortion introduced not only by LTE CRS, but also by PRS and CSI-RS. The pre-distortion sequence is not unique. A simple method is proposed to obtain the pre-distortion signal as below :

· Step 1 : The auto-correlation distortion is calculated, as (Z-Z”) 

· Step 2 : use non-CRS OFDM symbols to recover (Z-Z”)

· Non-CRS symbols will multiply D=[1+(Z-Z”)/norm(s_d(n))]

· norm(s_d(n)) = sum{s_d*(n)s_d(n))} 

· auto-correlation of s_d(n) 

· s_d(n) : sequences of non-CRS symbols of original NB-PSS
As shown in Figure 3, with the above proposed algorithm, the implementation in eNB side is quite simple. The only difference is to introduce a “multiplication by a complex value” in non-CRS OFDM symbols, and the complex value to be multiplied is calculated by the above procedure.  
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Figure 3: Modified NB-PSS generation at eNB side to mitigate CRS puncture effect

2.3 Performance evaluation of the pre-distortion mechanism
In this section, simulation result is provided to justify the mitigation on CRS puncturing. 
The simulation setting can refer to [3], and the in-band initial cell search with one CRS antenna port is simulated. We take the scenario that there is no CRS on NB-PSS sub-frame (e.g. NB-PSS on MBSFN sub-frame) to be the upper bound of performance improvement. 
The statistic of total synchronization time is in Table 4 and the required time of NB-PSS detection is in Figure 5. 
The performance of the pre-distortion mechanism can achieve the performance of NB-PSS sub-frame without CRS puncture.

Table 4: statistic of simulation to mitigate CRS puncture effect for in-band initial cell search
	MCL 164 dB, in-band, initial cell search, 0 interferer
	NB-PSS in [2] with CRS puncture
	NB-PSS with CRS puncture and pre-distortion
	NB-PSS in [2]  without CRS puncture

	50%, synchronization time (ms)
	386.15
	356.44
	342.75

	90%, synchronization time (ms)
	900.0
	785.0
	744.0

	Average synchronization time (ms)
	496.10
	454.32
	435.94
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Figure 5: CDF of NB-PSS detection time

Observation #2: Add a pre-distortion signal on SYNC. signal at eNB side can mitigate RS puncture effect at the UE side.
3 Conclusion
In this contribution, the effect on CRS puncture of NB-PSS is discussed. Two potential mechanisms to mitigate the effect of CRS puncture are introduced.
Observation #1: For in-band deployment, NW may choose specific PRB so that the autocorrelation distortion due to CRS puncturing is minimized.
Observation #2: Add a pre-distortion signal on SYNC. signal at eNB side can mitigate RS puncture effect at the UE side.
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