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1. Introduction
As of the last RAN4-47 meeting in Kansas City, no discussion has been made on the requirement specification for the physical broadcast channel (PBCH).  This contribution presents initial discussion points and a proposal for defining the requirements for the PBCH.  Note that these requirements apply to both FDD and TDD modes.  
2. PBCH considerations
The main function of the PBCH is the transmission of the BCH transport channel, which carries the essential parameters of the network as part of the master information block (MIB).  Data arrives to the channel coding unit of the PHY in the form of a maximum of one transport block every transmission time interval (TTI) of 40ms [1].  
2.1 BCH transport block size

The size of the BCH transport block per TTI, i.e. the MIB, is currently set at 19 bits with the following breakdown [2]

	
Field
	Number of Bits

	dl-SystemBandwidth               
	4

	numberOfTransmitAntennas        
	4

	phich-Configuration                  
	3

	systemFrameNumber               
	8


In recent RAN1 email reflector discussions, it was made clear that the number of transmit antennas should actually be blindly detected using the PBCH CRC mask, and thus should not be explicitly signaled in the MIB.  Hence, we can temporarily move forward assuming a PBCH transport block size of [15 bits] and finalize the requirement scenario pending RAN2 decisions in their upcoming meeting.  

2.2 Effective code rate

The total number of bits available for PBCH transmission per 40 ms TTI is 1920 (for normal CP length) [3].  With a CRC length of 16 bits, the effective code rate is then RPBCH
= (15+16)/1920 = 0.0161.  

2.3 Channel Bandwidth 

The PBCH is mapped to the middle 72 resource elements in all frames, and thus evaluation for the 1.4 MHz channel bandwidth is sufficient.


2.4 Metric for performance evaluation

Given the fixed payload size and code rate, it makes sense to use the block error rate (BLER) as the metric for performance evaluation.  Since the PBCH is actually mapped across 4 frames for a total of 40 ms, we declare a block decoding error only when all 4 frames of the PBCH have been exhausted without a successful decoding of the MIB.  Also, since the performance of PBCH is essential for coverage purposes, the proposed test point is at BLER = [1%].  For initial alignment simulations without impairments, we propose to present a BLER curve for various SNRs.    

2.5 Detection of number of transmit antennas

As mentioned in Sec. 2.1, the UE is expected to blindly detect the number of transmit antennas using the CRC mask in the PBCH.  Fortunately, with a CRC length of 16 bits, the false detection probability of the number of transmit antennas is quite small (2-16=1.5x10-5).  Hence, we expect that the impact of false detection would be negligible to the block error rate performance, and propose to assume perfect knowledge of the number of TX antennas in the simulations.  
2.6 Detection of the 40 ms boundary

The 40 ms TTI boundary is identified via the initialization of the scrambling code for each radio frame fulfilling nf mod 4 = 0.  In an actual implementation, the UE would not have information on where the current PBCH is within the 4 radio frame TTI, and thus would rely on the scrambling code to identify this.  However, we do not expect this boundary detection to impact the BLER performance, and thus propose to assume perfect knowledge of the 40 ms boundary in the simulation assumptions.  

2.6 Reference channels 
Similar to the definition of the PDCCH/PCFICH simulation assumptions, we try to limit the tests to a few representative cases for the 1 TX, 2 TX, and 4 TX antenna cases.  We also propose to reuse the representative propagation conditions used in the PDCCH/PCFICH simulation assumptions.  
3. Proposed simulation scenarios

Given the discussion in the previous section, we propose the following simulation scenarios for the PBCH performance requirement specification in addition to the framework proposed in [4]
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	10.1
	1x2 SIMO 1.4 MHz
	R.21
	ETU70
	Low
	See Annex D

	10.2
	2x2 SFBC 1.4 MHz
	R.22
	EPA5
	Low
	See Annex D

	10.3
	4x2 SFBC-FSTD 1.4 MHz
	R.23
	EVA5
	Medium
	See Annex D


4. Conclusion

This contribution presented the considerations for PBCH demodulation performance requirement specification, and proposed simulation assumptions that are summarized in Sec. 3.  We propose for this to be included in the updated framework in [4] and eventually in the PBCH performance requirement section (Sec. 8.6) of TS 36.101.  
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Annex D – Simulation assumptions for the PBCH scenarios

	Common parameters
	Value

	General setup
	PBCH transmission in a 40 ms TTI

	Target quality
	P(missed detection of BCH) < 1 %

	Performance requirement
	SNR required to fulfill the target quality

	Channel coding
	According to Sections 5.3.1 of 36.212 

	Physical channel processing
	According to Sections 6.6 of 36.211

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame and four radio frames per BCH transmission

	Blind decoding of TX antennas and 40 ms boundary
	Not taken into account in the simulations

	Interference
	AWGN

	Channel estimation
	Practical and realizable channel and noise estimates with no a-priori knowledge of the channel state information

	TX EVM
	6 % (see ‎[9] for details)

	Simulation length
	1000 BCH transmissions at a minimum 
(worst case 4000 radio frames)


Reference channels:

	Ref.
Channel
	TX ports
	Channel bandwidth
	
MCS
	Payload

(w/o CRC)

	R.21
	1
	1.4 MHz
	QPSK [31]/1920
	[15 bits]

	R.22
	2
	1.4 MHz
	QPSK [31]/1920
	[15 bits]

	R.23
	4
	1.4 MHz
	QPSK [31]/1920
	[15 bits]


