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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 remaining details on SS sequence design. RAN1#88bis made the following agreements [1]:
	Agreements:
· Working assumption: Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: octal 145Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· [bookmark: _GoBack]In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time
· Number of SSS signals: 1000 post-scrambling
· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers
· SSS sequence length: 127
· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz
· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling
· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 
· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· 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)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
· Prepare draft LS to RAN2/4 within Thursday – Asbjorn (Ericsson)/Juan (Qualcomm)



Furthermore, RAN1#88bis Chairman notes concluded on the work plan as follows:
	Conclusions:
· For NR-SS,
· Following remaining issues need to be finalized in the next meeting
· Confirmation of WA of NR-PSS
· NR-SSS M-sequence parameters and scrambling details
· Mapping from Cell IDs to sequences
· Maximum number of SS blocks in an SS burst set
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations
· Followings remaining issues need to be finalized by Nov. meeting
· Remaining details of SS burst set configurations
· Mapping of SS blocks to bursts
· Mapping of SS bursts to burst sets
· Indication of actually used SS blocks
· Note that all RRC related aspects need to be finalized by Oct. meeting



In this document we cover:
· Confirmation of WA of NR-PSS
· NR-SSS M-sequence parameters and scrambling details
· Mapping from Cell IDs to sequences
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations
 
2	Discussion
2.1	Confirmation of WA of NR-PSS
Current WA related to NR-PSS is as follows:
	· Working assumption: Number of PSS sequences: 3
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: octal 145Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110
· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time



Figure 1 and Figure 2 illustrate time-frequency ambiquity plots for M-sequence based on current WA and for ZC-sequence. The assumptions are:
· 15 kHz subcarrier spacing
· 127 long sequence

It can be observed and confirmed that NR-PSS design based on current WA removes time-frequency offset ambiquity suffered by ZC-sequence based design. 
Observation: NR-PSS design based on current WA removes time-frequency offset ambiquity suffered by ZC-sequence based design.

	[image: C:\Users\shakola\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SA9OPBA1\tfAmbiquityMseq (002).png]
[bookmark: _Ref481049660]Figure 1 Time-frequency ambiquity plot for M-sequence based on WA.
	[image: C:\Users\shakola\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SA9OPBA1\tfAmbiquityZchu (002).png]
[bookmark: _Ref481049661]Figure 2 Time-frequency ambiquity plot for a ZC-sequence.


In Figure 3 we look at NR-PSS and joint NR-PSS and NR-SSS detection performance using the current NR-PSS design. We can observe that one-shot joint NR-PSS and NR-SSS detection performance is high: detection rate 0.8 at -5 dB SNR. Simulation assumptions are provided in Appendix A and used throughout the document.
Observation: WA based NR-PSS provides both good NR-PSS detection and joint NR-PSS and NR-SSS performance. 
[image: C:\Users\shakola\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SA9OPBA1\nrPss1Bw2Mhz (002).png]
[bookmark: _Ref481754260]Figure 3 NR-PSS and joint NR-PSS+NR-SSS detection performance using WA based NR-PSS design. 
Table 1 shows the maximum cross-correlation of 3 PSS sequence pairs for sequence based on NR WA vs. LTE NR-PSS sequences. Correlations were calculated over the frequency range of +/- 10 subcarriers and over a delay difference range covering overlapping positions of the two signals.
	
	PSS1, PSS2
	PSS2, PSS3
	PSS1, PSS3

	NR
	-14.4 dB
	-15.3 dB
	-15.2 dB

	LTE
	-12.3 dB
	-8.4 dB
	-12.3 dB


Table 1 Maximum cross-correlation between PSS sequence pairs

Based on above discussion we make the following proposal:
Proposal: NR-PSS is based on current WA:
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

2.2	NR-SSS M-sequence parameters and scrambling details and Mapping of Cell IDs to sequences
Based on RAN1#88bis agreements, the NR-SSS has the following characteristics:
· Number of SSS signals: 1000 post-scrambling
· SSS sequence length: 127
· SSS sequence details: Long M-sequence with scrambling


The NR-SSS is based on the Gold code of length 127, because Gold code has well known bounded cross-correlation properties. The sequence is obtained by multiplying two m-sequences:






 and  are cyclic shifts of two m-sequences:






 and  are selected to be a preferred pair, one such pair is generated with polynomials




with initial conditions 





The amounts of cyclic shifts  and  depend on the cell identification as defined with  and . When the total number of cell-IDs is 1008 the shifts are defined in the following way:






with  and . When the number of cell-IDs or signalled values in general is 2016 the formulas above need to be slightly modified:








and . In this case   would be a combination of the  value and the other information such as partial information of SS block location index. These formulas provide one-to-one mapping from the PSS sequence indices to disjoint sub-sets of  values, so the sequence   can be considered as a scrambling code.

We illustrate the performance of joint NR-PSS and NR-SSS detection where NR-SSS uses the above described sequence generation in Figure 4. One can observe that increasing total signaling space from 1000 to 2000 does not have impact on detection performance.

Observation: Increasing total NR-PSS+NR-SSS signaling space from 1000 to 2000 does not have an impact on performance.


[image: ]
[bookmark: _Ref481754770]Figure 4 Joint PSS+SSS detection for an enlarged SSS set using the WA based NR-PSS design and proposed NR-SSS design. 

Proposal: Consider design for NR-SSS as described in 2.2.

2.3	Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block
There are considered to be few allocation strategies for organizing NR-PSS, NR-SSS and NR-PBCH symbols within an SS block:
· NR-PSS and NR-SSS in consecutive symbols and NR-PBCH symbols in consecutive symbols
· NR-PBCH symbols interleaved within SS block
· Enabling multiplexing common NR-PDCCH within SS block

It’s noted that after NR-PSS and NR-SSS detection residual time and frequency error is low enough and additional frequency offset compensation based on repeated NR-PBCH symbols with some interval is not needed. Standard deviation of CFO estimation error after NR-PSS and NR-SSS detection is shown Figure 5. Consequently, we don’t consider that aspect as important design criteria on how to order NR-PSS, NR-SSS and NR-PBCH symbols in an SS block. 
[image: ]
[bookmark: _Ref481755454]Figure 5 Standard deviation of the CFO estimation error.
One potential design criteria for symbol arrangement could be UE RX beam training based on SS block detection, as considered in [4]. NR-PBCH+DMRS symbols could be located so that there is e.g. NR-SSS between the NR-PBCH symbols and the SS block could be as in Figure 6. The UE would use NR-PSS and NR-SSS symbols for beam switching and NR-PBCH DMRS for beam measurements using different RX beam after it has detected the SS block.
[image: ]
[bookmark: _Ref481661751]Figure 6 SS block symbol arrangement to support RX beam training from NR-PBCH DMRS.
Observation: Frequency synchronization from NR-PBCH signals is not needed and thus that should not be design criteria for symbol arrangement in SS block.
Observation: Interleaving NR-PBCH symbols with NR-SSS and NR-PSS in time could allow UE RX beam training from NR-PBCH DMRS.
3	Conclusions 
In this contribution we discussed about remaining details for NR synchronization signal design: 
Observation: NR-PSS design based on current WA removes time-frequency offset ambiquity suffered by ZC-sequence based design.
Observation: m-sequence based NR-PSS provides both good NR-PSS detection and joint NR-PSS and NR-SSS performance.
Proposal: NR-PSS is based on current WA:
· PSS sequence details:
· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)
· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals
· Initial poly shift register value: 1110110

Observation: Increasing total NR-PSS+NR-SSS signaling space from 1000 to 2000 does not have an impact on performance.

Proposal: Consider design for NR-SSS as described in 2.2.

Observation: Frequency synchronization from NR-PBCH signals is not needed and thus that should not be design criteria for symbol arrangement in SS block.
Observation: Interleaving NR-PBCH symbols with NR-SSS and NR-PSS in time could allow UE RX beam training from DMRS.
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Appendix A Simulation parameters

	Parameter	
	Value		

	Carrier frequency
	4 GHz

	PSS/SSS length
	127

	PSS/SSS period
	5 ms

	Sub-carrier spacing
	15 kHz

	Channel model
	CDL-C 100 ns scaling

	UE speed
	30 km/h

	PSS receiver algorithm
	Single-shot time-domain correlator with thresholding with options for piecewise processing

	SSS receiver algorithm
	Single-shot non-coherent exhaustive search with thresholding

	False alarm probability
	< 1 %
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