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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In [1], RAN1 agreed to study enhancements to the physical channels needed to improve the CAS reception. This contribution provides link level simulation results to verify the improvement by PBCH repetition. In section 2, we present link level evaluation results for PBCH repetition. In section 3, we summarize our observations and provide proposals for the way forward. 

Evaluation of PBCH Repetition
In [2], PBCH repetition within CAS was thought to be valuable and evaluation is required to verify if it can improve the PBCH decoding performance and reduce the PBCH decoding latency. In this section, we evaluate the performance gain that PBCH repetition might bring, based on link level simulations.
Link level simulations are carried out by transmitting different amounts of PBCH transport blocks under different Doppler frequency shift. According to the formula

different Doppler frequency shifts correspond to different velocity.
Detailed simulation parameters are summarized in Table I.
Table 1: Parameters for Link-Level Simulation
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	700 MHz

	Numerology:
CP/Subcarrier/FFT size
	4.7us/15kHz/1024

	Channel model
	TDL-B with DS of 20us

	Doppler shift
	300/ 400/ 500Hz

	Number of Tx at Base Station
	1

	Number of Rx antennas at UE
	2



[bookmark: _GoBack]Figure 1 shows the link level simulation results of PBCH repetition. Three options are shown: no repetition of the PBCH transport blocks, repeating PBCH once and twice.  For the cases of repetition, if either the original PBCH or its repetition is successfully decoded, the decoding is regarded as a success. On the contrary, if neither of them is successfully decoded, a decoding method with combining these PBCH parts, will be used to get the final output. In this contribution, we use Maximal Ratio Combining (MRC) as the combining method to combine the PBCH parts.
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Figure 1 - Link level evaluation of different PBCH repetition times
We observe that, for a fixed Doppler Frequency, the gain of repeating PBCH once is ~1.7-1.9dB, while the gain of repeating twice is just ~1.8-2.0dB, which is of little difference. Besides, repeating PBCH for too many times will occupy too much resource. 
Observation 1: PBCH detections with repeating PBCH transport blocks once and twice reduce the SNR required for PBCH reception, but the repetition times have little effect on the gain.

Figure 2 shows the differences of performance gain caused by the Doppler frequency shift.
[image: ]
Figure 2 - Link level evaluation of different Doppler shifts
We observe that, for different Doppler frequency shift (ranging from 300Hz to 500Hz), differences between these gains are very small. The gain of PBCH repetition is ~2dB. 
Observation 2: PBCH detection with PBCH repetition provides ~2dB SNR gain for PBCH reception.

Proposal 1: PBCH enhancement, such as PBCH repetition within CAS should be considered to improve the PBCH decoding performance. Among different repetition times, repeating once should be considered.

[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Below is the summary of the observations and proposals:
Observation 1: PBCH detections with repeating PBCH transport blocks once and twice reduce the SNR required for PBCH reception, but the repeat times have little effect on the gain.
Observation 2: PBCH detection with PBCH repetition provides ~2dB SNR gain for PBCH reception.
Proposal 1: PBCH enhancement, such as PBCH repetition within CAS should be considered to improve the PBCH decoding performance. Among different repetition times, repeating once should be considered.
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