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1	Introduction
RAN4 has discussed the NR UE demodulation requirements in Rel-15, but RAN4 has focused on the simulation assumption for PDSCH so far. In this contribution we discuss the PBCH demodulation requirements and simulation assumption. 
2	Discussion
2.1	PBCH demodulation requirements
From the UE procedure point of view, once UE can decode PBCH and acquire MIB, UE does not need to receive PBCH as far as UE camps on the same serving cell. Moreover UE does not send any signaling such as HARQ-ACK even if UE can decode MIB. This means it is difficult to verify from outside (such as TE or gNB) whether UE can decode PBCH or not. This is the reason RAN5 does not verify the LTE PBCH demodulation requirements even though TS36.101 has the PBCH demodulation requirements. Since the NR MIB acquisition procedure is basically same as LTE, RAN5 may not be able to verify NR PBCH demodulation requirements. However, this does not mean RAN4 does not need to specify the PBCH requirements for NR. We think PBCH demodulation requirements are important not only for network vendors and operators, but also for chipset vendors. The network vendors and operators may use this information for the cell planning such as the SS/PBCH transmission power and transmission periodicity. The chipset vendors may also use this information to set their internal PBCH demodulation requirements. 
Proposal 1: RAN4 introduces the PBCH demodulation requirements in Rel-15. 
2.2	Simulation assumption
Table 1 shows the common parameters for PBCH demodulation requirements. Unlike LTE, where PBCH is transmitted in SF#0 every 10ms, the network can configure up to L PBCHs per cell and the transmission periodicity. Note L=4 for below 3GHz in FR1, L=8 for above 3GHz in FR1, and L=64 in FR2. The transmission periodicity is configured as {5, 10, 20, 40, 80, 160} ms, but UE can assume the periodicity of 20ms for the initial cell search. Since it is demodulation requirements, we propose to assume the simple setting in the initial cell search, i.e., 1 SS/PBCH within an SS burst and periodicity of 20ms. 
Table 1	Common parameters for PBCH demodulation 
	Parameters
	Unit
	Values

	Cell ID
	
	0

	CP length
	
	Normal

	Number of SS/PBCH blocks within an SS burst set periodicity
	
	1

	SS/PBCH block index
	
	0

	SS burst periodicity
	ms
	20

	MIB size
	bits
	24

	PBCH payload size (including CRC=24bits and 8 bits of SS/PBCH location information)
	bits
	56



Table 2 proposes the test cases. We propose to assume 2 test cases for FR1 (one for below 3GHz and one for above 3GHz) and 1 test case for FR2. We also propose to use low delay spared and low Doppler channel models for the requirements in Rel-15. 
[bookmark: _Ref517106878]Table 2	Test cases
	Parameters
	Values

	Frequency range
	FR1 (<=3GHz)
	FR1 (>3GHz)
	FR2

	Channel bandwidth
	10MHz
	20MHz
	100MHz

	SS/PBCH subcarrier spacing
	15kHZ
	30kHz
	120kHz

	Antenna configuration
	1x2
	1x2
1x4
	1x2

	Propagation channel
	TDL-A DS=30ns, Doppler=10Hz 
	TDL-A DS=30ns, Doppler=10Hz
	FFS



Proposal 2: RAN4 assumes the initial cell search scenario for the PBCH demodulation requirements, that is the SS/PBCH periodicity of 20ms.
Proposal 3: RAN4 specifies at least 3 PBCH demodulation requirements: 1) FR1 (<=3GHz) with 15kHz, 2) FR1 (>3GHz) with 30kHz, and 3) FR2 with 120kHz.
2.2	Metric for PBCH demodulation requirements
In LTE, the MIB (payload of PBCH) is transmitted over 4 subframes every 10ms. On the other hand, the MIB in NR PBCH is transmitted without split every SS/PBCH block transmission periodicity (5ms to 160ms). Since NR MIB TTI is 80ms, it is ensured MIB contents do not change during 80ms, but the payload of PBCH changes every SS/PBCH transmission because the network adds the location information such as 3 LSBs of SFN, half-frame indication, and part of SS/PBCH block index (See Figure 1). 
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The reason RAN1 adds the location information (SS/PBCH index and 3LSB of SFN) after CRC addition is because RAN1 expects UE can detect the location information blindly and perform the soft-combining of PBCH symbols within MIB TTI of 80ms. If we consider the PBCH demodulation for the initial cell search scenario, UE can accumulate up to 4 transmissions of PBCH symbols, and we expect the performance improvement compared with the demodulation without soft-combing. 
[bookmark: _GoBack]Another reason is the comparison with LTE. For LTE MIB, payload size is 40bits (including CRC) and channel bits are 1920bits within 40ms. This corresponding to CR=0.02. For NR PBCH, on the other hand, PBCH payload size is 56bits (including CRC and location information) and the number of channel bits are 864bits within one SS burst. This means CR=0.0648 and more than 3 times higher coding rate than LTE PBCH. Although NR PBCH uses Polar coding, we don’t think the demodulation performance of NR PBCH with one PBCH is comparable with LTE PBCH.
We therefore the metric of PBCH demodulation requirements should assume the PBCH symbol soft-combining as follows:
	Probability of miss-detection of the PBCH (Pm-bch) given by 
Pm-bch = 1 - A/B
where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs. 



With the definition of Pm-bch above, we propose to specify the PBCH demodulation requirements with regards to the PBCH_SNR to satisfy 1% Pm-bch. 
Proposal 4: RAN4 assumes the soft-combining receiver for PBCH demodulation requirements.
Proposal 5: RAN4 specifies the BPCH demodulation requirements with 1% Pm-bch. Pm-bch is defined as 1-A/B, where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs. 
3	Conclusion
Proposal 1: RAN4 introduces the PBCH demodulation requirements in Rel-15. 
Proposal 2: RAN4 assumes the initial cell search scenario for the PBCH demodulation requirements, that is the SS/PBCH periodicity of 20ms.
Proposal 3: RAN4 specifies at least 3 PBCH demodulation requirements: 1) FR1 (<=3GHz) with 15kHz, 2) FR1 (>3GHz) with 30kHz, and 3) FR2 with 120kHz.
	Parameters
	Values

	Frequency range
	FR1 (<=3GHz)
	FR1 (>3GHz)
	FR2

	Channel bandwidth
	10MHz
	20MHz
	100MHz

	SS/PBCH subcarrier spacing
	15kHZ
	30kHz
	120kHz

	Antenna configuration
	1x2
	1x2
1x4
	1x2

	Propagation channel
	TDL-A DS=30ns, Doppler=10Hz 
	TDL-A DS=30ns, Doppler=10Hz
	FFS



Proposal 4: RAN4 assumes the soft-combining receiver for PBCH demodulation requirements.
Proposal 5: RAN4 specifies the BPCH demodulation requirements with 1% Pm-bch. Pm-bch is defined as 1-A/B, where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs. 
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