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1 Introduction
The following email discussion was initiated at RAN1#89:

· All proponents need to provide followings until 2nd June to achieve further evaluation/analysis
· NR-PBCH RE mapping
· SS-block composition
· SS-block time index indication
· SFN indication
· DMRS RE mapping
· PBCH payload size
· PBCH channel coding scheme (all proponents need to follow the latest agreements/WAs in channel coding session) 
· Note that all decisions of channel coding scheme should be done in channel coding session/agenda
· Receiver algorithms
· …

· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
A working assumption for PBCH channel coding was achieved as follows,

· 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 
In [4], the whole picture of the time index indication including SS block, SFN and half radio frame is provided. In this contribution, we focus on SS-block time indication and provide our views and considerations.  
2 SS Blocks/Bursts Indication Mechanism

According to the latest agreement on the maximum number of SS blocks within SS burst set, at most 2-bit for 4 SS blocks (at up to 3GHz), 3-bit for 8 SS blocks (at 3~6GHz) and 6-bit for 64 SS blocks (at 6~52.6GHz) are required to indicate the SS block time index by NR-PBCH.  Therefore, NR supports the maximum number of SS blocks within SS burst set is dependent on the frequency range. 
In [1], details on the SS blocks and SS burst mapping are presented. The straightforward, albeit not efficient method for indicating these maximum of 64 blocks is through explicit manner with 6 bits. However, 4 indications (2 bits) can be implicitly indicated by 4 cyclic shifts of Polar codeword [2]. Note: the total indications need to be verified by the Polar coding designs. As a result, one method is by having 4-bit signaling carried by NR-PBCH, indicating a maximum of 16 SS bursts while the implicit 2-bit be used to indicate the (remaining) maximum of 4 SS blocks within a burst. 

Observation: Methods to reduce the total explicit indication bits overhead should be supported in NR.

Proposal: A maximum of [4] bits can be signaled by the NR-PBCH to indicate up to 16 SS blocks. Additional indications (up to 64 SS blocks) are performed implicitly through the encoding operations. 

2.1  Explicit indications
The explicit bits are carried in the NR-PBCH as shown below in Figure 1.  The explicit bits of SS block time index (TI) is generated by physical layer while the other PBCH payload is generated by RRC layer with ASN.1 encoding and mapped to BCH transport block (TB) as a RRC message.  The TI bits and ASN coded BCH bits are concatenated and the appended with its CRC.
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Figure 1
 Concatenation of Time Index bits and ASN coded BCH bits

The TI bits are generated at the physical layer and a common channel coding is applied on both the TI and ASN coded BCH, with the same target BLER level e.g. 1%.  The CRC bits generation can be realized as shown in Figure 2. 
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Figure 2: CRC check bits generation

2.2 Implicit indications
Implicit indications method for the SS blocks within an SS burst is proposed. An approach based on the different cyclic shifts of the Polar coded PBCH codeword is used. A circle buffer based on two-level polarization can be used to generate the PBCH codeword and the time index of SS blocks can be indicated by different cyclic shifts of NR-PBCH codeword. Further details can be found in [3]. 

While the LTE based approach of implicit indication of the number of antenna ports be reused, with single antenna port for NR-PBCH, 4 different CRC masks that can be used to also implicitly indicate the SS block time index of the SS burst set. Given m hypothesis for implicit indication of SS block time index,  CRC masking requires m attempts of decoding and CRC checking for blind detection, while cyclic shift of Polar codeword just requiring only once polar decoding and m attempts of CRC checking.  The implementation complexity of decoding is much higher relative to the CRC checking operation.  Therefore, cyclic shift of Polar codeword has much lower detection complexity than CRC masking for the one-shot detection of NR-PBCH.
With implicit indication by PBCH, it is straightforward to perform soft-combining of PBCH over different SS blocks within an SS burst set. In addition, comparatively, the soft-combining based on explicit indication is realized at higher blind decoding complexity relative to implicit indications.  For m SS bursts, explicit indication requires up to m attempts of decoding and CRC checking for blind detection during soft-combining. Further details can be found in [2].

Table 1 compares the detection complexities between implicit and explicit indications.
Table 1: Complexity comparison between implicit and explicit time index indication 

	Indication methods 
	Max. blind decoding
	Max CRC check
	Additional CRC bits to keep FAR
	Payload for Time index indication

	Implicit indication
	1 x SCL
	m x CRC
	log2(m)
	0

	Explicit indication
	m x SCL 
	m x CRC
	log2(m)
	log2(m)


The complexity of PBCH decoding over multiple SS blocks is dominated by the number of blind decoding.  In case of explicit indication, several received LLR vectors can be combined with one Successive Cancelation List (SCL) decoding for each hypothesis. Accordingly, for m LLR vectors to be combined, m x SCL decoding and m x CRC checks are needed. Comparatively, implicit indication requires 1 x SCL decoding and m x CRC checks for m LLR vectors for the same operation. 
3 Conclusion
In this contribution, we have proposed an efficient timing indication scheme utilizing both explicit and implicit bits. 
Observation: Methods to reduce the total explicit indication bits overhead should be supported in NR.

Proposal: A maximum of [4] bits can be signaled by the NR-PBCH to indicate up to 16 SS blocks. Additional indications (up to 64 SS blocks) are performed implicitly through the encoding operations. 
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