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1. Introduction

In the last RAN1#88bis meeting, the following agreements were achieved ‎[1]:
Agreements:
· 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

· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

Working assumption:

· NR-PSS, NR-SSS and NR-PBCH are presented in every SS block

· FFS: deactivated cell case (if defined)

Agreements:
· 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

Agreements:
· RAN1 strives to supports combining NR-PBCH

· The different options to be considered:

· Across SS Burst Set

· Within SS Burst Set 

· Within subset of an SS burst set, e.g. within an SS burst, within a number of slot(s) etc.
In RAN1#88 meeting, the following agreements were achieved ‎[2]:
Agreements:

· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.

· This simply provides guidance for potential minimum and maximum value.
In RAN1#NR AdHoc meeting, the following agreements were achieved ‎[3]:
Agreements: 

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms
(NOTE: the last three bullets are not complied with latest agreements from RAN1#88bis, therefor deleted) 
The basic of NR synchronization will rely on 4G general principle but will be augmented with the use of beamforming. Beam management should allow the UE to extract frame timing to avoid timing ambiguity. 

In this document we share our view and discuss about possible solutions to indicate the SS-block time index by implicit signalling on NR-PBCH; the proposed methods preserve soft combining of received PBCHs from consecutive SS blocks for performance boost.

2. Discussion

Synchronization procedure with beam-sweeping operation provides enhanced coverage for distant UEs or when carrier frequency is high and the transmitted signals fade faster with the distance (e.g. in mmWaves).

In LTE, frame timing is determined by the detection of the synchronization signal as the resource location of the synchronization signal is unique for a certain duplex mode. It has been identified in 3GPP during the NR SI that multiple resource locations for beam sweeping over multiple ‘SS blocks’ or ‘SS bursts’  may lead to the ambiguity of the frame timing ‎[4]. In order to address the frame timing ambiguity in NR, it was agreed that the UE should be able to identify the symbol index and/or the subframe index in which the detected SS is transmitted. It is not enough to bundle the time index with the beam index since from the network implementation flexibility the SS-block time index shall not be restrictive to a specific beam deployment.

We search for a solution in which PBCH is not changed for each SS block timing, allowing the soft combining of received PBCHs from consecutive SS blocks (of the same beam) for performance boost. We further provide two approaches to implicitly signal the SS block time index through PBCH.
Method #1

The PBCH signal is scrambled with a cell-specific scrambling code prior to modulation. The scrambling sequence initialisation may be redefined to include both the cell-ID and SSTimeIndex, for example:
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The PBCH signal received by a UE is thus dependent on the SS block in which it was transmitted, and so the PBCH can be utilised to infer timing information at the UE. The payload is the same for all SS blocks and can be soft combined if the scrambling sequence is initialized properly, as illustrated in Figure 1. The PBCH would be decoded by means of hypothesis testing on SS time index.
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Figure 1: Soft combining of PBCH with implicit indication via scrambling initialization.

Proposal 1: RAN1 can consider implicit indication of SS-block time index through the initialization of the PBCH scrambling sequence.
Method #2

The PBCH signal is scrambled prior to Polar encoding. This method exploits the polarization theory and implicitly indicates the additional information (i.e., SS-block time index) by re-using the most reliable bits according to Polar code construction:
· The reliability of bits is determined according to the capacity of bits channel.

· Implicit indication is applied by scrambling the selected set of bits with pre-defined sequences, where each sequence represents a specific SS-block time index.

· The most reliable number of selected bits to convey the implicit indication is set to optimize the decoding probability of both the explicit and implicit information, while taking into account (i) maximal hamming distance of scrambling sequences and (ii) the capacity of selected bits.

Generally we can say that for a CRC to pass for a wrong SS-block time index is unlikely since all the “less reliable” bits need to be correct, while some of the “most reliable” bits conveying the implicit indication need to be incorrect (in such a way that the sequence becomes one of the other sequences, otherwise CRC should not pass). Longer scrambling sequences to convey the implicit info make it harder for one sequence to become another, on the expense of using lower capacities.

For example, from the three options depicted below the middle would be best choice:
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Figure 2: Selection of bit locations for scrambling.

The polarity of the MIB payload is exploited and the SS-block time index is implicitly signalled. The PBCH signal received by a UE is dependent on the SS block in which it was transmitted, and so the PBCH can be utilized to infer timing information at the UE. The payload is the same for all SS blocks and can be soft combined if the scrambling sequence is utilized properly, as illustrated in Figure 3. The PBCH would be decoded by means of hypothesis testing on SS time index.
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Figure 3: Soft combining of PBCH with implicit indication via scrambling initialization.

Method #2 has a clear benefit over method #1 since only one channel decoding is required in the process of testing multiple hypotheses. However, normally soft combining is done before channel coding as in method #1 and the gain is much less if it is done after channel coding as in method #2.
Since with implicit indication of SS-block time index by PBCH the effective code rate is reduced, the BLER is improved and the False-Positive Rate (FPR) is increased due to testing multiple hypotheses. The BLER improvement is evaluated in the relevant SNR region (around BLER of ~10-2). The FPR acts as a BLER floor for very high SNR where the BLER value is substantially reduced, as illustrated in the figure below:
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Figure 4: BLER behaviour with implicit indication; 
Red curve – BLER with explicit indication (for reference), Green – BLER with implicit indication.

Evaluation of the proposed method #2, in compare to explicit indication of SS-block index and without soft combination of consecutive repetitions (since it is not trivial in case of explicit indication) is given in the following table; LTE-like 24-bit MIB + 16-bit CRC, and 44-bit MIB + 16-bit CRC are evaluated.
Table 1: Method #2 evaluation

	Maximum number of SS blocks (L)
	MIB payload size
(16-bits CRC)
	Polar code block size (N)
	Number of scrambled bits
	Estimated BLER (SNR) improvement
	Estimated FPR

	2
	24 bits
	64
	15
	0.09 dB
	1.57*10-5

	4
	
	
	15
	0.16 dB
	2.02*10-5

	8
	
	
	15
	0.24 dB
	3.60*10-5

	64
	
	
	15
	0.59 dB
	4.22*10-4

	2
	
	128
	16
	0.007 dB
	1.65*10-5

	4
	
	
	16
	0.014 dB
	2.49*10-5

	8
	
	
	16
	0.04 dB
	4.93*10-5

	64
	
	
	16
	0.114 dB
	5.50*10-5

	2
	40 bits
	64
	20
	0.333 dB
	1.53*10-5

	4
	
	
	20
	0.572 dB
	1.58*10-5

	8
	
	
	20
	0.747 dB
	1.90*10-5

	64
	
	
	19
	1.47 dB
	1.75*10-4

	2
	
	128
	16
	0.03 dB
	1.58*10-5

	4
	
	
	16
	0.047 dB
	2.06*10-5

	8
	
	
	16
	0.09 dB
	3.65*10-5

	64
	
	
	16
	0.19 dB
	4.02*10-4


Proposal 2: RAN1 can consider implicit indication of SS-block time index by exploiting the polarity of MIB payload bits and scramble the most reliable bits with different sequences.
3. Conclusion

In this contribution we provide two methods for signalling the SS-block time index. 

Proposal 1: RAN1 can consider implicit indication of SS-block time index through the initialization of the PBCH scrambling sequence.
Proposal 2: RAN1 can consider implicit indication of SS-block time index by exploiting the polarity of MIB payload bits and scramble the most reliable bits with different sequences
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