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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. 
In this contribution we discuss about PBCH-DMRS sequence and mapping design based on email discussion [NRAH2_05], SS block index indication, SS block indexing within SS burst set, number of NR-PBCH symbols and NR-PBCH scrambling design.
2	Discussion
2.1	NR-PBCH DMRS sequence and mapping design
In RAN1 NR Adhoc#3, RAN1 has concluded to have an email discussion regarding DMRS sequence for NR PBCH.
	Conclusions:
· Companies are encouraged to provide the following information on NR PBCH DMRS sequence until 28th July  in order to finalize the design – Daewon (Intel)
· 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
· Some examples of the information are shown in R1-1711943



2.1.1	Sequence generation
In [4] companies have provided proposals related to NR-PBCH DMRS sequence and mapping design. In the following we consider the following presented options and look at cross-correlation properties of the resulted sequences:
Option 1: Reuse LTE PN Code generation



Pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence  of length, where, is defined by 





where  and the first m-sequence shall be initialized with. The initialization of the second m-sequence is determined by initial value, , and computed as




 with initial condition  . The pseudo-random sequence generator shall be initialised at the start of each SS block transmission, where  is 3 LSB bits of the SS Block index within the SS Burst Set, and  is the physical cell ID.

Option 2: Gold Code with Polynomial order 63 



Pseudo-random sequences are defined by a length-63 Gold sequence. The output sequence  of length, where, is defined by 





where  and the first m-sequence shall be initialized with. The initialization of the second m-sequence is determined by initial value, , and computed as


, and with initial condition 

[bookmark: _GoBack]Option 3: NR-SSS sequence (Gold-like Code with polynomial order 7) 



Pseudo-random sequences are defined by a two sequence generated with length-7 LFSR. The output sequence  of length, where, is defined by 




where the first m-sequence shall be initialized with,  the second m-sequence shall be initialized with, and shift values k1 and k2 are determined by part of the SS Block index within the SS burst set and physical cell ID as follows:

,


where   is the value represented by the 3 LSB bits of the SS Block index within the SS Burst Set, and  is the physical cell ID.
2.1.2	Cross-correlation properties

In this section we look at cross-correlation properties of the resulted sequences with lag 0 for different combinations of   for the options presented in previous section. 

Table 1 Max and mean cross-correlation for between two sequences generated using different  combinations
	
	Max
	Mean

	Option 1
	0.54
	0.07

	Option 2
	0.44
	0.07

	Option 3
	0.42
	0.06



It can be observed that Option 2 and Option 3 have slightly lower max cross-correlation between sequences of certain SS block and cell ID combinations and mean cross-correlations are in the same level.
Observation: Option 2 and Option 3 have slightly lower max cross-correlation between sequences of certain SS block and cell ID combinations than Option 1 and mean cross-correlations are in the same level for all the option.
Option 3 has a benefit from reusing the same design as NR-SSS and would reduce overall complexity. Together with good cross-correlation properties it would seem that Option 3 could be preferable.
Proposal: Reuse NR-SSS sequence (Gold-like Code with polynomial order 7) generation function for NR-PBCH DMRS sequence. 
2.1.3	Sequence mapping

NR-PBCH sequence is mapped on REs in the order of frequency domain first and then time domain. We further consider that cell-specific frequency shift, e.g. , should be considered to reduce inter-cell interference. 
Proposal: NR-PBCH DMRS sequences are mapped in frequency-first time-second manner.
Proposal: NR-PBCH DMRS sequences are mapped onto REs with cell specific frequency shift. 
2.2	SS block index indication and indexing within SS burst set
Related to SS block index indication RAN1#AH2 made the following agreements:
	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: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload



We consider that 3 LSBs of the SS block index (location index) shall be carried by changing the DMRS sequence within each 5 ms period. 3 LSBs of the SS block index would allow UE to determine SS block index in all cases at below 6 GHz without need for reading the NR-PBCH. 
SS blocks are considered to be indexed in time wise manner starting from 0 until L-1. The SS burst set pattern and mapping of SS blocks to the slots agreed in RAN1 NR AH#2, distributes the slots containing the SS blocks differently for 120kHz and 240kHz sub-carrier spacings. Hence, if it is agreed that 3 LSBs of SS block index are carrier in DMRS, as would seem natural for sub-6GHz cases, there is not inherent structure that could be naturally benefitted. 
Proposal: 3 LSBs of SS block index are carried by changing the DMRS sequence within each 5ms period. 

2.3	Number of NR-PBCH symbols
Related to the number of NR-PBCH symbols, the following agreement was made in RAN1#AH2:
	Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH
· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block



As discussed and analysed in [3], NR-PBCH allocation within SS block should comprise 2 symbols and the SS block should comprise 4 OFDM symbols. In addition, we present comparison between 2 and 3 symbol NR-PBCH allocation with one shot detection in Appendix A and observe that 2 symbol NB-PBCH allocation is enough to provide feasible detection performance. Simulation assumptions are provided in Appendix B. 
Proposal: Number of NR-PBCH symbols within an SS block is 2.

2.4	NR-PBCH scrambling
As discussed in [4], we consider that SFN should be signalled as follows:
· 7 MSB bits explicitly and 3 LSB bits via scrambling of NR-PBCH codeword to indicate radio frame within NR-PBCH TTI

Proposal: NR-PBCH codeword is scrambled with sequence depending on 3 LSBs of the SFN.

3	Conclusion
In this contribution we discussed about PBCH-DMRS sequence and mapping design, SS block index indication, SS block indexing within SS burst set, number of NR-PBCH symbols and NR-PBCH scrambling design. Based on the discussion we made the following observations and proposals:
Observation: Option 2 and Option 3 have slightly lower max cross-correlation between sequences of certain SS block and cell ID combinations than Option 1 and mean cross-correlations are in the same level for all the option.
Proposal: Reuse NR-SSS sequence (Gold-like Code with polynomial order 7) generation function for NR-PBCH DMRS sequence. 
Proposal: NR-PBCH DMRS sequences are mapped in frequency-first time-second manner.
Proposal: NR-PBCH DMRS sequences are mapped onto REs with cell specific frequency shift. 
Proposal: 3 LSBs of SS block index are carried by changing the DMRS sequence within each 5ms period. 
Proposal: Number of NR-PBCH symbols within an SS block is 2.
Proposal: NR-PBCH codeword is scrambled with sequence depending on 3 LSBs of the SFN.
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Appendix A Link simulations related to one-shot detection and number of NR-PBCH symbols
Here we provide simulation results comparing one-shot detection performance between 2 and 3 NR-PBCH symbol allocations within SS block. From Figure 1 one can observe that operation around -5 dB SNR point adding additional NR-PBCH symbol doesn’t provide gain in line with decreased coding rate. In other words, we consider that gain from additional NR-PBCH symbol doesn’t justify required increase in overhead. Thus, we consider 2 symbol NR-PBCH allocation within SS block should be adopted for NR. 
[image: C:\Users\shakola\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SA9OPBA1\312_only_2symbols_VS_3symbols.jpg]
[bookmark: _Ref490218063]Figure 1 One-shot detection performance for 2 and 3 symbol NR-PBCH allocation wihtin the SS block. 

Appendix B Simulation parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single-port precoder cycling (2Tx, time direction)

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	TDL-C-1000ns

	UE speed
	120 kmph

	Channel coding
	Polar code

	Payload size
	48 bits (32 data bits + 16 CRC bits)

	DMRS density
	3/12

	SS Block Composition options
	PSS-PBCH-SSS-PBCH, PSS-PBCH-SSS-PBCH-PBCH

	Channel estimation
	Concatenated freq and time 1D Wiener filter

	SNR estimation
	Realistic, based on DMRS for NR-PBCH

	Receiver algorithm
	2 RX MRC

	CFO
	600 Hz

	Soft-combining
	One-shot 
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