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1. Introduction
At last RAN1# AD Hoc meeting [1], the following agreements related to NR-PBCH DMRS and SS block time index have been made:
 Agreements: 

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems

· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Agreement: Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
Agreement: DMRS have the same RE position in all NR-PBCH symbols
In this contribution, we discuss NR-PBCH DMRS design and time indication based on the schemes proposed in the NRAH2-05 email discussion [2].
2. Discussion
According to previous RAN1 discussions, the following information on NR PBCH DMRS sequence should be provided:

· Sequence generation related parameters

· Gold Code LFSR size

· Gold Code Polynomials

· initial state configuration

· output shift offset (e.g. Nc in LTE)

· Sequence Modulation

· Sequence mapping to NR PBCH DMRS RE positions

· Exact NR PBCH DMRS RE positions within the NR PBCH resource
Besides, whether part of SFN bits are carried by scrambling of PBCH is still FFS.
The issues listed above will be discussed in the following sections.

2.1. NR-PBCH DMRS sequence design

The LTE PN code is reused as the gold code for PBCH DMRS, as described in section 7.2 in TS 36.211, and the gold code is QPSK modulated, which is simple and robust solution has been generally used for LTE reference signal. 
The PBCH demodulation reference-signal sequence used for SS block index indication 
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 denotes the number of symbols for PBCH transmission within a SS block. The pseudo-random sequence generator shall be initialized with 
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 is the SS block index carried by the reference-signal sequence, and 
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 if 3bits of the SS block time index indicated through DMRS sequence.
Proposal 1: LTE PN code is reused as the gold code for NR-PBCH DMRS, and the gold code is QPSK modulated.
2.2. Sequence mapping to NR PBCH DMRS RE positions
As summarized in [2], 3 different sequence mapping methods are proposed, which are listed as follows:

· Alt.1: Lowest to highest frequency mapping single sequence to the DMRS positions on the whole PBCH bandwidth, which is a conventional mapping method widely used for kinds of reference signal in LTE.
· Alt.2: Lowest to highest frequency mapping with two sequences occupying parts of the DMRS resources, as shown in Figure 2, where the shorter sequence is not for time indication.
· Alt.3: Central bandwidth (i.e. PSS/SSS bandwidth) first and outer bandwidth second, as shown in Figure 3, where the same sequence is mapped to each bandwidth.
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Figure 1: NR-PBCH DMRS mapping Alt.1      Figure 2: NR-PBCH DMRS mapping Alt.2
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Figure 3: NR-PBCH DMRS mapping Alt.3           Figure 4: NR-PBCH DMRS RE mapping positions
Since PSS and SSS mapped to the resources in the central bandwidth of SS block, only part of the DMRS sequence could be coherently detected utilizing channel coefficients obtained from PSS/SSS channel estimation, which cannot be utilized to detect the sequence mapped outside the SS bandwidth, where only non-coherent detection could be employed.
If the DMRS sequence mapped using Alt.1 or Alt.3, coherent detection and non-coherent detection should be employed simultaneously to detect the sequence. However, if the DMRS sequence mapped using Alt.2, the channel coefficients of the whole SS block bandwidth could be obtained from PSS/SSS and the DMRS outside the SS bandwidth which is not for SS block time index indication. Therefore, coherent detection could be employed to detect the sequence mapped on the remaining DMRS resource. Although more proportion of the DMRS sequence detected in coherent way in Alt.2, less proportion of the DMRS resource is utilized to indicate SS block time index compared to Alt.1 and Alt.3.
Here, we compare the performance of three alternatives through LLS simulation. The curves are shown as follows, the simulation assumptions are given in the Appendix.
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Figure 5: sequence detect error rate-4GHz              Figure 6: sequence detect error rate-30GHz
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 Figure 7: NR-PBCH performance-4GHz                 Figure 8: NR-PBCH performance-30GHz
From the summarized performance results in Figure 5~Figure 8, we have the following observations and proposals:
Observations:
· Alt.1 achieves the best performance of the 3 alternatives on both 4GHz and 30GHz carrier frequency.
· The required SNR at 1% BLER of the 3 bits indicated by DMRS sequence is much lower than that of the PBCH performance, more than 7dB gap. Therefore, no PBCH performance loss observed when 3 bits SS block index indicated through PBCH DMRS sequence.

Proposal 2: Single long sequence is mapped to the DMRS positions on the whole PBCH bandwidth.（Alt.1）
Proposal 3: Confirm the working assumption, i.e. 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period.
2.3. NR-PBCH DMRS RE positions within NR-PBCH resource
In the email discussion [2], we proposed NR-PBCH DMRS-pattern illustrated in Figure 4, and DMRS RE positions are variable with frequency shift related to the cell ID.
The PBCH demodulation reference-signal 
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 represent subcarrier and OFDM symbol index within a SS block, according to:
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Proposal 4: Variable NR-PBCH DMRS RE positions with frequency shift vshift = NIDcell mod 4.
2.4. Half radio frame indication 
As we mentioned in [2], half radio frame indication should also be indicated without PBCH decoding to facilitate fast handover. Half radio frame could be carried by the NR-PBCH DMRS together with 3 bits SS block index, 3 alternatives are proposed and given as follows:
Half radio frame indicated through:
· Alt.1: phase difference between the DMRS mapped on the two PBCH symbols, as illustrated in Figure 9.
· Alt.2: 2 different initializations of the gold code together with the 3 bits SS block time index, the pseudo-random sequence generator shall be initialized with
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used for half radio frame indication.
· Alt.3: 2 different mapping orders, gold sequence and the reversed gold sequence, as illustrated in Figure 10.
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Figure 9: NR-PBCH DMRS with phase rotation     Figure 10: PBCH DMRS with different mapping order
Performance of the detection performance of 3 half radio frame indication alternatives are simulated, the influence to 3 bits SS block index performance are also provided in Figure 11-Figure 14. 
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Figure 11: sequence detect error rate-4GHz              Figure 12: half radio frame detect error rate-4GHz
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 Figure 13: sequence detect error rate-30GHz             Figure 14: half radio frame detect error rate-30GHz
From the simulation results, we have the following observations and proposals:
· Little performance loss observed if half radio frame indication delivered through PBCH DMRS together with the SS block time index.
· Half radio frame indicated through different mapping order or different initialization achieves better performance than that indicated through DMRS phase rotation.
Proposal 5: Half radio frame should also be indicated together with the 3 bits SS block index.
Proposal 6: Half radio frame indication should be indicated through 2 different mapping order or initialization.
2.5. SFN indication
The timing information to be carried in SS block is illustrated as follows:
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In LTE, 2 SFN LSB is implicitly indicated through scrambling of PBCH to indicate the radio frame timing in 40ms periodicity. 
In NR, PBCH TTI is 80ms and PBCH is repeated every 20ms, it seems that 3 LSB of SFN, s2, s1 and s0, should be implicitly indicated through PBCH scrambling. However, if PBCH is combined every 20ms transmission within the 80ms TTI, only s2 and s1 indicated through PBCH scrambling is needed, s0 is irrelevant. Therefore, the bit s0 could be transmitted together with s9 … s3 in PBCH payload. Four shots combining across the 80ms TTI could be employed in this method, which is similar to LTE. 
Proposal 7: 2 of the SFN LSB s2, s1 is implicitly indicated through PBCH scrambling, and s0 is transmitted in PBCH payload together with s3~s9.
3. Conclusion

In this contribution, we discuss NR-PBCH DMRS design and SS block time index indication with the following proposals:
Proposal 1: LTE PN code is reused as the gold code for NR-PBCH DMRS, and the gold code is QPSK modulated.
Proposal 2: Single long sequence is mapped to the DMRS positions on the whole PBCH bandwidth.
Proposal 3: Confirm the working assumption, that 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period.
Proposal 4: Variable NR-PBCH DMRS RE positions with frequency shift vshift = NIDcell mod 4.
Proposal 5: Half radio frame should also be indicated together with the 3 bits SS block index.
Proposal 6: Half radio frame indication should be indicated through 2 different mapping order or initialization.
Proposal 7: 2 of the SFN LSB s2, s1 is implicitly indicated through PBCH scrambling, and s0 is transmitted in PBCH payload together with s3~s9.
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Appendix
A. Table 1 lists the assumptions used in the simulations.
Table 1: Simulation Assumptions
	Parameters
	Values or Assumptions 

	Carrier Frequency 
	4GHz; 30GHz

	SS-block Bandwidth
	24 PRBs (288 subcarriers)

	Subcarrier spacing
	30kHz for 4GHz

120kHz for 30GHz

	Channel model
	TDL-A, low correlation for 4GHz

CDL-A for 30GHz

delay spread=100ns

	UE speed
	3km/h

	gNB antenna configuration
	4GHz: 2  

30GHz:

{M, N, P, Mg, Ng}={4,8,2,1,1}, HPBW=65°, BS Antenna Gain: 8dB

	UE antenna configuration
	4GHz: 2
30GHz:

{M, N, P, Mg, Ng}= {2,4,2,1,1}, HPBW=90°, UE Antenna Gain: 5dB

	Beam Search
	Omni-directional for 4GHz; 

Fixed Beam(to bore sight direction) for 30GHz

	Residual Frequency Offset
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm

	NR-PBCH payload size
	48bits

	NR-PBCH repetition
	1 shot

	DMRS pattern
	1/3 density, mapped on subcarriers with equal interval including the PSS/SSS subcarriers

	3 bits SS block time index
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	Half frame indication
(if indicated)
	Phase rotation: Bits:{0, 1} indicated by phase rotation set:{0, pi}

	
	Initialization:
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	Mapping order: gold sequence and reversed gold sequence

	Modulation 
	QPSK

	Channel coding
	Polar

	Channel estimation 
	DFT-based noise suppression & MMSE2D
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