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1 Introduction
In RAN1 #88bis meeting, it was agreed on the indication of SS block time index and radio frame boundary in [1] that,

· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements

· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.

· FFS: indication of radio frame boundary by NR-SSS

It was agreed on maximum number of SS-blocks within SS burst set in [1] that,
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

· For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]
· The way the value of L is reflected in specification is FFS

· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

· Possibility of having unified frequency agnostic signaling design is not precluded
In the previous contribution [2], we have discussed explicit indication by NR-PBCH, implicit indication by NR-PBCH, indication by additional SS and indication by NR-SS. In this contribution, we focus on NR-PBCH indication methods, provide more design details and also analyze its possible impacts. 
2 NR-PBCH Indication Methods of SS Block Time Index
For SS block time index, NR-PBCH indication methods can be classified into explicit way and implicit way. 

2.1 Implicit indication by NR-PBCH

The implicit indication methods include CRC masking, scrambling of PBCH codeword, cyclic shift of PBCH codeword [3] and a bijective transformation of uncoded PBCH bits [4], etc.  
· Different from LTE supporting PBCH transmission schemes with 1, 2 or 4 antenna ports, NR just supports a single transmission scheme of NR-PBCH.  The 3 CRC masks of PBCH used for blindly decoding the number of antenna ports in LTE, could be reused to indicate SS block time index.
· The scrambling of PBCH codeword has been used to carry the two least significant bits of the SFN in LTE.  Different scrambling sequences are also used for different cells to realize interference randomization.
· Under the assumption of Polar coding for PBCH, a circle buffer can be used to generate the PBCH codeword, which fully utilizes the characteristics of polar codes as illustrated in Figure 1 in [3].  Thus the time index of SS blocks can be indicated by different cyclic shifts of PBCH codeword.
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(a) Circle buffer
[image: image2.png]SSBlock#1:

SS Block#2:

SSBlock#3:

SS Block#4:

C G, Cs Cy
C, Cs Cy Cy
o C, ) o
Ca C c c





(b) Time index indication by cyclic shift

Figure 1
Time index indication by cyclic shift of PBCH codeword

Given M hypotheses for implicit indication of SS block time index,  both CRC mask and scrambling requires M attempts of decoding and CRC checking for blind detection, while cyclic shift of Polar codeword just requiring only one polar decoding and M attempts of CRC checking.  Generally, the channel decoding complexity is much higher than that of CRC checks.  Therefore, cyclic shift of Polar codeword has much lower detection complexity than other two implicit indication methods.
With implicit indication by PBCH, it is straightforward to perform soft-combining of PBCH over different SS blocks within an SS burst set.

However, with implicit indication of SS block index through PBCH, a longer CRC is required to achieve the same target false alarm rate as the number of CRC checks increase linearly with the maximum number of SS blocks (M) and requires a CRC that is longer by log2 (M), which is 2, 3 or 6 more CRC parity bits depending on the frequency range. Moreover, implicit indication of SS block time index through cyclic shift and CRC mask [6] may result in systematic ambiguity in PBCH interpretation (given an error-free detection) where multiple hypothetic time indexes check the CRC.
Therefore, implicit indication by PBCH is limited by the number of time indices of SS blocks.
Proposal 1: NR should support a limited number of hypotheses for implicit PBCH indication method.
2.2 Explicit indication by NR-PBCH

Based on 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 explicitly indicate the SS block time index by NR-PBCH.  The traditional MIB information including system bandwidth, a part of SFN, etc, are RRC messages, which is generated by RRC layer with ASN.1 encoding and mapped to BCH transport block (TB).  While the SS block time index (TI) is used for UE to acquire the frame/slot/symbol timing, which is just required and generated by physical layer.  If TI is assembled with BCH TB together in ASN.1, it cannot be acquired by UE L1 quickly.  As a result, the frame/slot/symbol timing can only be acquired by RRC layer firstly, which is redundant and introduces high latency and high resource overhead.  To address this issue, we consider two alternatives of explicit indication methods.
Alt 1 is to concatenate the TI bits and ASN coded BCH bits followed by CRC, as shown in Figure 2.  The concatenated bits imply massive processing as like as the traditional PBCH.
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Figure 2
 Concatenation of Time Index bits and ASN coded BCH bits

Based on Polar coding, these explicit TI bits can be represented as an additional scrambling code C(T) over the BCH bits in PBCH, as shown in Figure 3. The detailed description is provided in a companion paper [7].  The explicit indication method requires no blind detection of the time index, when soft combining of SS blocks within an SS burst set is not employed for PBCH decoding.
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Figure 3 
CRC check bits generation

NR-PBCH with explicit indication using Polar code can also allow soft combining of SS blocks within an SS burst set to exploit the combining gain as described in [7]. Note that soft combining of NR-PBCH can also be conducted among different SS burst sets. With explicit indication of time index by NR-PBCH, there is no systematic ambiguity in timing or content of NR-PBCH given an error-free PBCH detection.
With a common channel coding for both TI and ASN coded BCH, the design target of this concatenated codeword is almost the same at BLER level of 1%.  In this case, the soft combining of PBCH of multiple SS blocks within an SS burst set or across SS burst set is required to correctly detect TI.  It may delay the frame timing alignment since TI is used to derive the frame/slot/symbol timing. 
Alt 2 is to separate the processing of TI bits and ASN coded BCH bits, as shown in Figure 4.  Targeting to one-shot detection, the TI bits are encoded with lower code rate than ASN coded BCH bits.
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Figure 4 
 separately processing of Time Index bits and ASN coded BCH bits

The CRC check bits for the codeword with lower code rate are only generated based on TI bits, as shown in Figure 5.
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Figure 5 
CRC check bits generation

The separate processing of TI bits could be more reliable and can be decoded by one-shot detection, which facilitates fast timing alignment with serving cell or neighbor cell.  It is beneficial for neighbor cell measurement.  However more resource overhead may be needed such as additional CRC bits.
To support fast frame timing alignment, SS block time index is just required and generated by physical layer.
Proposal 2: NR should support SS block time index is generated and processed by Physical layer only. 
3 Indication Methods depending on Frequency Ranges
NR supports the maximum number of SS blocks within SS burst is dependent on the frequency range. Implicit indication by PBCH is limited by the number of time indices of SS blocks. For a large number of SS blocks, a combination of implicit and explicit indication methods could be considered to reduce the resource overhead of purely explicit indication method.  Thus unified signaling bits of SS block TI could be applied for different frequency ranges. For example, 4-bit explicit signaling is carried by NR-PBCH, which can indicate 16 SS blocks at most; 4 cyclic shifts of Polar codeword could be used to indicate the remaining 2 bits. Thus the combined scheme for implicit and explicit method can indicate 64 SS blocks totally.
Proposal 3: NR should support unified signaling bits in NR-PBCH for different frequency ranges
· For frequency range up to 6GHz, implicit indication for 2 dumb bits and explicit indication for 4 bits by PBCH could be applied to avoid blind decoding attempts for one-shot detection.

· For frequency range from 6GHz to 52.6GHz,  implicit indication for 2 bits and explicit indication for 4 bits by PBCH could be applied to reduce the resource overhead of explicit signaling bits .

4 Conclusion
In this contribution, we discussed implicit and explicit indication by PBCH for SS block time index.  We suggest that:
Proposal 1: NR should support a limited number of hypothesis for implicit PBCH indication method.

Proposal 2: NR should support SS block time index is generated and processed by Physical layer only. 

Proposal 3: NR should support unified signaling bits in NR-PBCH for different frequency ranges

· For frequency range up to 6GHz, implicit indication for 2 dumb bits and explicit indication for 4 bits by PBCH could be applied to avoid blind decoding attempts for one-shot detection.

· For frequency range from 6GHz to 52.6GHz, implicit indication for 2 bits and explicit indication for 4 bits by PBCH could be applied to reduce the resource overhead of explicit signaling bits .

References
[1] 3GPP RAN1 #88bis, Chairman’s notes, Apr.  2017.
[2] R1-1705052, “Discussion on SS burst set composition and SS block time index indication”, Huawei, HiSilicon, RAN1#88bis, Spokane, USA, Apr. 3-7, 2017.
[3] R1-1704249, “Channel coding for PBCH”, Apr. 3-7, 2017.
[4] R1-1703353, “Discussion on SS burst set composition and SS block time index indication”, Huawei, HiSilicon, RAN1#88, Athens, Greece, Feb. 13-17, 2017.
[5] R1-1701722, “Discussion and evaluation on broadcast channel/signals transmission for beam based initial access”, Huawei, HiSilicon, RAN1#88, Athens, Greece, Feb. 13-17, 2017.
[6] R1-1612034, “Conveying symbol index during multi-beam sync,”, Qualcomm, RAN1#87, Nov. 2016
[7] R1-1708158, “Soft-combining for PBCH,” Huawei, HiSilicon, RAN1#89, Hangzhou, China, May. 15-19, 2017.









2

_1554742114.vsd
SSB TI


BCH TB


CRC


Channel coding incl. rate matching


PBCH copy1


PBCH copy2


PBCH copy3


PBCH copy4


Scrambling 1


Scrambling 2


Scrambling 3


Scrambling 4


Modulation


Modulation


Modulation


Modulation


Frame 8K 


Frame 8K+2 


Frame 8K+4


Frame 8K+6 


Time Index


ASN.1{System BW, SFN, 
RMSI conf. (SCS, NR-PDCCH, etc)}



