3GPP TSG RAN WG1 NR Ad-Hoc#2                        	R1-1710349
Qingdao, P.R. China 27th – 30th June 2017
Agenda Item:	5.1.4.3
Source: 	LG Electronics
Title: 	Details on PBCH coding
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN1 meeting #89, following agreements were made [1]:
	Agreement: 
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512
· Working assumption that the data, including time index if carried by NR-PBCH excluding DMRS, is transmitted explicitly	
· Can be revisited if significant benefit is shown from partial implicit transmission of time index if allowed by the polar code design
Agreement: 
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Other Alternatives are not precluded
· Note that all proponents need to provide their own proposal until 26th May


In this contribution, we discuss details on PBCH coding. 

2. PBCH transmission scheme in single subframe
 According to LS in [2], the information size transmitted in PBCH is ranged from 40 bits to 72 bits. In addition, time and frequency resource for the PBCH transmission consists of 2 OFDM symbols and 288 subcarriers (=24 PRB), which is equal to 576 REs including overhead signal (e.g., DM RS) [3]. If DM RS overhead is assumed to be 1/3 of 576 REs, the total available REs for PBCH transmission will become 384 REs. Assuming QPSK modulation, 768 bits are used for PBCH transmission in single subframe. Based on discussion in the previous meeting, there are two alternatives for PBCH transmission in single subframe on the table:
· Alt. 1: Coded bits are mapped across REs in 2 PBCH symbols
· Alt. 2: Coded bits are mapped across REs in a PBCH symbol, the symbol is copied to the other symbol
 For example, if the information size of PBCH is assumed to be 64 bits and mother code rate is assumed to be 1/6, then the coded bits will be 384 bits. The two alternatives are illustrated in Figure 1. As can be seen in Figure 1, different coded bits are transmitted over 2 OFDM symbols in Alt. 1 but same coded bits are transmitted over 2 OFDM symbols in Alt. 2.
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Figure 1 PBCH transmission alternatives in single subframe.

 The performance evaluation results can be seen in Figure 2. The evaluation assumptions are summarized in Table 1. As can be seen in Figure 2, Alt 1 has better performance than Alt 2.

Table 1 Evaluation assumptions for PBCH coding.
	Information size 
	64

	Mother code rate
	1/6

	Mother code size
	512

	Total number of coded bits per subframe
	768

	Rate matching
	Puncturing: QUP
Repetition: Natural

	Decoding algorithm
	List-8

	Channel
	AWGN
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Figure 2 Performance comparison between Alt 1 and Alt 2.
Observation 1: Alt 1 has better performance than Alt 2.

3. PBCH transmission scheme in single transmission period
PBCH will be transmitted at least 4 times every 80 ms time window. That is, PBCH will be transmitted at least every 20 ms. More frequent PBCH transmission is up to gNB implementation. Similar to discussion in section 2, there may be two options for PBCH transmission within 80 ms time window assuming 4 PBCH transmission instances. 
· Option 1: Same coded bits are transmitted at PBCH transmission instance
· Option 2: Different coded bits may be transmitted at PBCH transmission instance
Assuming the same evaluation assumptions in Table 1, the coded bits transmitted in each transmission instance is shown in Figure 3. 
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Figure 3 PBCH transmission options in PBCH transmission instance.
 The performance evaluation results can be seen in Figure 4.
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Figure 4 Performance comparison between Option 1 and Option 2.
As can be seen in Figure 4, the performance difference between Option 1 and Option 2 seems to be negligible. 
Observation 2: Option 1 and Option 2 show comparable performance.

4. Conclusion
In this contribution, we discuss PBCH coding details. We obtain following observations:
[bookmark: _GoBack]Observation 1: Alt 1 has better performance than Alt 2.
Observation 2: Option 1 and Option 2 show comparable performance.
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